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New polynuclear coordination species containing the ditopic his(1-imidazolyl)methane (Bim) ligand have been prepared
as microcrystalline powders and structurally characterized by ab initio X-ray powder diffraction methods.
[Bim(MezSnCly)]» (1), [Bim("BuzSnCly)], (3), [Bim(Ph,SnCl,)], (4), [Bim(MeSnCls)], (5), and [Bim(PhSnCls)], (6) all
contain 1D chains with octahedral tin atoms with trans N-=Sn—N linkages (but 4, which displays a cis N-Sn—N
linkage). Their thermodiffractometric analysis allowed the estimation of the linear thermal expansion coefficients
and strain tensors derived there from. The potential-energy surface of the free Bim ligand (as defined by two

torsional degrees of freedom about the two N—CH, bonds),
(polymer elongation), has been estimated using molecular me

eventually controlling the length of the repeating unit
chanics and correlated with experimental observations.

Introduction

Incorporation of inorganic elements into polymers offers

organic secondary building units as building blocks and
polydentate organic ligands as linké&sSuch assembly has

the prospect of properties that combine the advantages OIresulted in a host of intriguing structural topologies and an

ceramics, semiconductors, metals, or optical materials wit
the characteristics of classical organic polymers. It is now
commonly accepted that design and synthesis of nove
coordination polymers with unusual and tailorable structures
are fundamental steps to discover and fabricate various
technologically useful materials? Most of the literature

h extensive application in material science.

There has been a renewed interest in organotin polymers

|too. Such polymers are used mainly for the controlled release

of bioactive compounds while simultaneously minimizing
environmental hazards. Studies involving the antiviral activi-

ties of organotin polymers, derived from the antiviral agent

species have been constructed from organic ligands and metaﬁicyclovir and the antibiotic ciprofloxacin, have been reported

ions by spontaneous self-assembly. Recently, much effort
has been devoted to the design and construction of new
supramolecular frameworks using metal clusters or metal
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by Roner and co-workefs.

In our recent work we studied linear, two- and three-
dimensional metal organic frameworks containaagjonic
angular linkers (pyrazolates, imidazolates, and pyrimidino-
lates) and transition-metal centers, aiming at construction of
extended solids not containing counterions in the crystal
lattice, favoring formation of nanoporous materials. As a first
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Chart 1 dimensional, polycrystalline polymers which have been
structurally characterized from laboratory X-ray powder
diffraction data only using the ab initio technique developed
in the last years in our laboratories. We further characterized
these species by thermodiffractometry (aiming at understand-

ing molecular flexibility in the crystals in the lattice through

Ty L)
Y
W
analysis of thermal expansion coefficients and thermal strain

step toward the preparation of extended materials containing!€"SOrs), solid-state CP-MAS NMR studies, and modeling
slightly larger angular ligands, we have now resorted to bis- ©f the torsional energy associated with the I rotations

(imidazolyl)methane (Bim), which is a versatile, flexible, ©Of the free ligand. _ _

bridging bidentate ligand bearing an alkyl spacer between This paper, in which only organometallic Sn(IV) species
two imidazole unities, first prepared by Shutze in 1959 (see aré reported, is followed by another contribution in which
Chart 1)? Some reports describe Bim as a carbonic anhydraseharder Lewis bases (Zn(ll) and Cd(ll) ions) are employed,
activator'® and its interaction with the zinc enzyme carbonic Showing a large variety of molecular/crystal topologies from

anhydrase has been investigated atsthis ligand has been
also employed as a precursor of ionic liquid systéfmaA.

0D to 3D ones. It is worth noting that some of the structural
results reported therein will be anticipated in the final portion

Bim that has proved to be an effective receptor foriéns.
Modification of this system would allow the development
of a new class of calix containing many positively charged
moieties that would be suitable for anion recognition by ionic
hydrogen-bonding interactions and as precursors for N-
heterocyclic carbenes for application in metal coordination
chemistry*?

Despite the potentialities of this ligand, few metal com-
plexes have been isolated and characterized. Cui and co
workers reported eight new complexes with 1D, 2D, or 3D
framework structures by self-assembly of two structurally
related flexible bis(imidazole) ligands with AgCu', zn'",
and Cd salts!* The same authors also reported the crystal
structure of two other complex Gupolymers!®'® Two
lithium-based organicinorganic hybrid materials based on
bis(imidazolyl) moieties with interesting topochemical prop-

preferences of the Bim ligand.

Experimental Section

Materials and Methods. All chemicals and reagents were of
reagent-grade quality and used as received without further purifica-
tion. All solvents were distilled prior to use. THF and light
petroleum (316-333 K) were dried by refluxing over freshly cut
sodium. Dichloromethane was freshly distilled from GaBther
solvents were dried and purified by standard procedures. The

samples were dried in vacuo to constant weight (293 K, 0.1 Torr).
Elemental analyses were carried out in house with a Fisons
Instruments 1108 CHNSO-elemental analyzer. IR spectra from 4000
to 150 cn! were recorded with a Perkin-Elmer System 2000 FT-
IR instrumentH, 13C{*H}, and!°Sn NMR solution spectra were
recorded on a VXR-300 Varian spectrometer (300 MHZz 175

MHz for 13C and 117.9 MHz fo#19Sn). Referencing is relative to
TMS (*H and®3C) and M@Sn (1°Sn). NMR samples were prepared

erties have been very recently described. In both cases,by dissolving a suitable amount of compound in 0.5 mL of solvent.

lithium exhibits unusually high binding affinity toward the
nitrogen atoms of bisimidazole moiety. Interestingly it has

been reported that the properties of the polymers could easily!

be fine tuned by varying the nature of the substituents
inherent to the bis(imidazole) moiety.

Here we describe the interaction of Bim with the Lewis-
acidic metal centers SRR, (N = 2, 3, or 4, X= Cl or
Br, R = Me, Et, Ph, Bf, or X), affording several one-
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Syntheses. Bim.The ligand Bim, the synthesis of which has
already been reportéd;?° has been prepared following the
procedure described in ref 20 and recrystallized from hot chloro-
form. Mp 165-168°C. Anal. Calcd for GHgN4: C, 56.74; H, 5.44;

N, 37.81. Found: C, 56.83; H, 5.65; N, 37.46. IR (Nujol, ¢n
3126w, 3111w, 1708w, 1688w, 1658w, 1602w, 1557w, 1503w,
380w, 282w, 279w, 247m, 22741 NMR (DMSO-ds, 293K): ¢
6.19 (s, 2H, ®lxgim), 6.88 (pd, 2H, Elgim), 7.38 (pt, 2H, Egim),
7.91 (pd, 2H, Gigiy). 'H NMR (acetone, 293 K):0 6.31 (s, 2H,
CHagim), 6.99 (m, 2H, ®lgim), 7.32 (pd, 2H, Elgin), 7.98 (pd, 2H,
CHgim). *H NMR (CDCl;, 293 K): 0 6.01 (s, 2H, ®lgim), 6.99
(m, 2H, Hgim), 7.12 (pd, 2H, Elgim), 7.66 (pd, 2H, Eigin). H
NMR (CDsOD, 293 K): 6 6.27 (s, 2H, Glsim), 7.01 (pd, 2H,
CHgim), 7.33 (pd, 2H, Elgim), 7.95 (pd, 2H, Elgin).

[Bim(Me2SnCh)]n (1). A diethyl ether:ethanol 1:1 solution (20
mL) containing M@SnC}, (0.219 g, 1.0 mmol) and bis(imidazol-
1-yl)methane (Bim) (0.148 g, 1.0 mmol) was stirred for 48 h under
N, at room temperature. The resulting colorless precipitate was
isolated by filtration and dried in vacuum. The obtained residue
was washed with 5 mL of diethyl ether and recrystallized from

(18) Lorenzotti, A.; Cecchi, P.; Pettinari, C.; Leonesi, D.; BonatiGBzz.
Chim. Ital. 1991, 121, 89.

(19) Pettinari, C.; Marchetti, F.; Lorenzotti, A.; Gioia Lobbia, G.; Leonesi,
D.; Cingolani, A.Gazz. Chim. Ital1994 124, 51-55.

(20) Pettinari, C.; Santini, C.; Leonesi, D.; Cecchi,FRlyhedron1994
13, 1553-1562.



Tin Derivatives of the Bim Ligand

ethanol and shown to be compouhd0.331 g, 0.90 mmol, yield
90%). Mp 238°C (dec). Anal. Calcd for H14CIoNsSn: C, 29.39;
H, 3.84; N, 15.23. Found: C, 29.63; H, 3.98; N, 15.19. IR (Nujol,
cmY): 3127w, 3115w, 1593w, 1514s, 1505E--C, CG==N), 568s
v(Sn—Cl), 382w, 365w, 2409(Sn—Cl). IH NMR (acetone, 293
K): 0 1.23 (s, 6H, Glssp, 2J(*°Sn—1H) 90 Hz,2J(*1'Sn—H) 86
Hz), 6.41 (s, 2H, Elxgim), 7.04 (pd, 2H, Elgim), 7.43 (pd, 2H,
CHgim), 8.04 (s, 2H, Elgim). H NMR (DMSO-d, 293 K): 6 1.02
(s, 6H, MHasp, 2J(M1°Sn—1H) 115 Hz,2J(**'Sn—1H) 110 Hz), 6.24
(S, 2H, CHZBim): 6.96 (pd, 2H, (HBim), 7.43 (pd, 2H, quBim)a 8.04
(s, 2H, GHgim). *H NMR (CDs0D, 293 K): ¢ 1.03 (s, 6H, Elssp,
2J(119Sn—1H) 139 Hz,2J(*1"Sn—1H) 135 Hz), 6.38 (s, 2H, Bagim),
7.17 (d, 2H, ®Glgim), 7.46 (d, 2H, Elgim), 8.25 (S, 2H, Elgim), Am
(DMSO, 108 M): 17.5Q71 cn? mol™L. A, (acetone, 10 M):
1.0Q71 cnm? mol-1L.

[Bim(Et,SnCL)] (2). Compound2 (0.341 g, 0.86 mmol, yield
86%) was prepared following a procedure similar to that reported
for 1 using Bim and E&SnCh. Mp 253-255°C (dec). Anal. Calcd
for CllngCI2N4Sn: C, 33.37; H,4.58; N, 14.15. Found: C, 33.58;
H, 4.45; N, 14.22. IR (Nujol, cm'): 3120sh, 3106w, 15058-
(C=C, G=N), 533m, 388br, 360br, 231hr(Sn—CI). *H NMR
(CDsOD, 293 K): ¢ 1.38 (t, 6H, GHasy), 1.68 (q, 4H, Glzsy), 6.36
(S, 2H, G"ZBim); 7.13 (d, 2H, (HBim)n 7.42 (d, 2H, GlBim): 8.18 (S,
2H, CHgjm).

[Bim("Bu,SnCl)], (3). Compound3 (0.200 g, 0.43 mmol, yield

43%) was prepared following a procedure similar to that reported
for 1 using Bim and'Bu,SnCh. Mp 180-182°C (dec). Anal. Calcd
for C15H26CIbN4Sn: C, 39.86; H, 5.80; N, 12.40. Found: C, 39.51;
H, 5.96; N, 12.31. IR (Nujol, cmt): 3143sh, 3120w, 3103w,
1558m, 152Q(C==C, G=N), 623v(Sn—Cl), 400m, 278m, 240sbr
v(Sn—CI). IH NMR (acetoneds, 293 K): ¢ 0.90 (t, 6H, GHssy),
1.41 (m, 4H, Glzsy), 1.80 (br, 8H, Glasy), 6.42 (s, 2H, Elgim),
6.98 (pd, 2H, Clgim), 7.40 (pd, 2H, Elgim), 8.12 (s, 2H, Elgiy).
IH NMR (CD3s0D, 293 K): 6 0.91 (t, 6H, (Hssy), 1.43 (M, 4H,
CHasp), 1.7 (m, 8H, ®Gzsy), 6.38 (s, 2H, Elim), 7.16 (pd, 2H,
CHgim), 7.44 (pd, 2H, Elgin), 8.22 (s, 2H, Elgim). Am (DMSO,
1073 M): 21.7 Q71 cm? mol~L. A, (acetone, 10° M): 0.3 Q71
cn? molL,

[Bim(Ph,SnCl,)], (4). Compound4 (0.395 g, 0.80 mmol, yield
80%) was prepared following a procedure similar to that reported
for 1 using Bim and P}SnChb. Mp 242—-245°C. Anal. Calcd for
CiH16CIbN4SN: C, 46.39; H, 3.69; N, 11.39. Found: C, 46.51; H,
3.76; N, 11.21. IR (Nujol, cm?): 3110w, 3092w, 1580w, 1560w,
1520mv(C==C, C=N), 458s, 399w, 377w, 353w, 2915{Sn—
C), 253s, 2299(Sn—C) + v,dSn—Cl). *H NMR (DMSO-dg, 293
K): ¢ 6.20 (s, 2H, Glxim), 6.90 (pd, 2H, Elgiy), 7.34 (M, 6H,
Sn—CgHs, 2J(11°Sn—1H) = 92 Hz), 7.40 (pd, 2H, Bgim), 7.70,
7.91 (d, 4H, SACgHs), 8.02 (s, 2H, Elgim). 'H NMR (acetone-
ds, 293 K): 6 6.21 (s, 2H, ®lgim), 7.02 (pd, 2H, Elgim), 7.35 (m,
6H, Sn—C¢Hs), 7.40 (pd, 2H, Elgim), 7.72, 7.90 (d, 4H, SACeH:),
8.00 (s, 2H, Clgim). Am (DMSO, 103 M): 9.3 Q1 cnm? mol .
Am (acetone, 16° M): 0.5 Q-1 cm? mol1.

[Bim(MeSnCl53)],, (5). Compounds (0.354 g, 0.91 mmol, yield
91%) was prepared following a procedure similar to that reported
for 1 using (Bim) and MeSnGI Mp 270°C (dec). Anal. Calcd for
CgH11CIsN4SNn: C, 24.75; H, 2.86; N, 14.43. Found: C, 24.55; H,
2.94; N, 14.22. IR (Nujol, cmt): 3126w, 3121w, 3080w, 1519w,
1500brv(C==-C, G==N), 543mv,dSn—C), 381m, 326m, 299s, 284s,
272s,210m, 200m(Sn—Cl). IH NMR (DMSO-dg, 293 K): 6 0.99
(sbr, 3H, GHasp, 2J(A19SN—1H) = 129 Hz,2J(*'Sn—1H) = 124 Hz),
6.29 (sbr, 2H, Elgim), 7.02 (br, 2H, ®lgim), 7.47 (br, 2H, Clgim),
8.20 (br, 2H, ®gim). 11°Sn NMR (DMSO4ds, 293 K): —451.0,

—454, —468. A, (DMSO, 103 M): 41.4 Q71 cn? mol™L. An,
(acetone, 1 M): 0.7 Q=1 cn? mol~2.

[Bim(PhSnCl3)], (6). Compound6 (0.395 g, 0.87 mmol, yield
87%) was prepared following a procedure similar to that reported
for 1 using Bim and PhSnGIMp 310°C (dec). Anal. Calcd for
ClgH130I3N4Sn: C,34.67;H,2.91;N, 12.44. Found: C, 34.76; H,
2.85; N, 12.29. IR (Nujol, cm?): 3120w, 1570m, 1538m(C-=C,
C-==N), 560br, 448m, 363m, 309s, 30@¢Sn—Cl) 290s, 272sh
v(Sn—C), 250m, 220mH NMR (DMSO-ds, 293 K): 6 6.48 (s,
2H, CHZBim)v 7.32 (m, 6H, SH'CGH5), 7.37 (S, 2H, (Hgim), 7.74
(pd, 2H, MHgim), 7.89 (pd, 4H, SrCgHs, 2J(Sn—1H) = 109), 8.78
(pd, 2H, (Hgim). 3C NMR (DMSO-ds, 293 K): 6 56.7 (S,CH2gim),
120.7, 127.0, 127.9, 128.2, 128.3, 133.8, 135.4, 13CHg{, +
CeHsSn). A, (DMSO, 103 M): 32.3Q~cn? molt. A, (acetone,
103 M): 0.3 Q1 cn? mol ™

[Bim("BuSnCly)]x (7). Compound? (0.402 g, 0.93 mmol, yield
93%) was prepared following a procedure similar to that reported
for 1 using Bim and'BuSnCk. Mp 257-260°C (dec). Anal. Calcd
for C11H17CIsN4Sn: C, 30.70; H, 3.98; N, 13.02. Found: C, 30.96;
H, 3.85; N, 12.89. IR (Nujol, cm"): 3120w, 3080w, 1572w, 1514m
v(C=C, C=N), 610brv(Sn—C), 293s, 284s, 2785(Sn—Cl). H
NMR (DMSO-ds, 293 K): 6 0.82 (t, 6H, GHssy), 1.33 (M, 4H,
CHysp), 1.63 (m, 8H, Glzsy), 6.38 (br, 2H, Glim), 7.04 (pd, 2H,
CHgim), 7.49 (pd, 2H, Elgin), 8.12 (s, 2H, Elgim). 1°Sn NMR
(DMSO-ds, 293 K): —452br,—465. A, (DMSO, 102 M): 16.9
Q-1 cnm? molL. A, (acetone, 18 M): 1.2 Q=1 cn? mol2.

[BIm(SNCl4)]x (8). Compound (0.385 g, 0.94 mmol, yield 94%)
was prepared following a procedure similar to that reportedLfor
using Bim and SnGl Mp 250 °C (dec). Anal. Calcd for @Hs-
CIWIN4SNn: C, 20.57; H, 1.97; N, 13.71. Found: C, 20.74; H, 2.08;
N, 13.98. IR (Nujol, cml): 3120w, 3110sh, 1522m, 1510m
(C==C, G=N), 552br, 380w, 332br, 316hr(Sn—Cl), 212m.'H
NMR (DMSO-ds, 293 K): 6 6.63 (s, 2H, ®lim), 7.65 (pd, 2H,
CHBim)y 7.95 (pd, 2H, Gisim), 9.29 (S, 2H, (E'Bim). IH NMR (Dzo,
293 K): 0 6.64 (s, 2H, Eizgin), 7.46 (pd, 2H, Elgim), 7.66 (pd,
2H, CHgim), 9.09 (s, 2H, Elgim). **°Sn NMR (DMSO#ds, 293 K):
—621,-624,—626,—668,—675. A, (DMSO, 103 M): 21.2Q1
cnm? mol~L. A, (acetone, 10° M): 1.1 Q1 cm? mol2.

[BIm(SnBr 4)1x (9). Compound (0.500 g, 0.85 mmol, yield 85%)

was prepared following a procedure similar to that reportedLfor
using Bim and SnBr Mp 254 °C (dec). Anal. Calcd for @Hs-
BrsNsSn: C, 14.34; H, 1.37; N, 9.55. Found: C, 13.99; H, 1.45;
N, 9.37. IR (Nujol, cnt1): 3100w, 1571m, 1533m(C=C, G=N),
549br, 399w, 387w, 320w, 328m, 225m, 211m, 20i#/(8n—Br).
IH NMR (DMSO-ds, 293 K): 6 6.67 (S, 2H, Glxim), 7.71 (br,
2H, CHBim): 7.99 (br, 2H, G‘Bim)- 9.36 (bl’, 2H, (HBim). IH NMR
(D20, 293 K): 8 6.64 (s, 2H, Clogim), 7.46 (pd, 2H, Elgiy), 7.66
(pd, 2H, Msim), 9.09 (s, 2H, Elgim). Am (DMSO, 103 M): 78.9
Q-1 cn? mol™t. Ay, (acetone, 10 M): 0.6 Q1 cn? mol2.

X-ray Powder Diffraction Structural Analysis. The samples
were deposited in the hollow of an aluminum holder equipped with
a quartz monocrystal zero background plate (except for compound
3 with which a simple aluminum holder was used). Diffraction data
(Cu Ka, A = 1.5418 A) were collected oné# vertical scan Bruker
AXS D8 diffractometer, equipped with parallel (Soller) slits, a
secondary beam curved graphite monochromator, a Na(Tl)!I scintil-
lation detector, and pulse height amplifier discrimination. The
generator was operated at 40 kV and 40 mA. Slits used: divergence
0.5, antiscatter 0.5 and receiving 0.2 mm. Nominal resolution
for the present setup is 0.026 (Mo Ka,) for the LaB peak at
ca. 21.3 (26). Other equipment was used for compodnd linear
position-sensitive detector (PSD) with a Ddivergence slit and
receiving 8 mm. All scans were performed in the rangel65
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Table 1. Crystal Data and Refinement Details for the Compouh@sd 3—6

1 M62,C|2 3 nBUz,Clz 4 th,clz 5 Me,C|3 6 Ph,Ch
empirical formula (3H14C|2N4Sn C15H26C|2N4SI'1 C19H18C|2N4Sn QH11C|3N4SH Q3H16C|3N4SI"I
fw, g mol~! 361.80 452.01 491.98 383.23 450.33
cryst syst monoclinic monoclinic monoclinic monoclinic monoclinic
SPGR, Z P2i/n, 4 C2lc, 4 P2i/n, 4 C2,2 P2/n, 2
a A 15.333(1) 13.182(2) 12.6251(5) 10.706(2) 7.959(1)

b, A 9.000 (1) 9.903(1) 15.9910(7) 8.217(1) 11.252(1)
c, A 10.650 (1) 16.349(2) 9.6168(3) 8.077(1) 10.674(1)
B, deg 107.569(3) 98.82(1) 91.496(3) 67.363(4) 111.589(4)
vV, A3 1401.0(2) 2109.3(4) 1940.9(1) 655.8(2) 888.8(1)
Pcalca @ CNT3 1.715 1.426 1.684 1.941 1.683
F(000) 696 912 976 366 440

u(Cu Ka), cm?t 178.8 119.9 130.9 209.6 155.7
diffractometer Bruker D8 Bruker D8 Bruker D8 Bruker D8 Bruker D8
T,K 298(2) 298(2) 298(2) 298(2) 298(2)

26 range, deg 5105 5-105 5-105 5-105 5-105
indexing method TREOR SVD SVD SVD SVD

M/GoF M(18)= 18 47.4 65.9 15.04 27.50

Ndata 5001 5001 5001 5001 5001

Nobs 1617 1221 2226 405 1027

Rp, Rup? 0.053,0.153 0.076, 0.178 0.051, 0.084 0.015, 0.095 0.083, 0.120
Reragd 5.229 10.89 3.374 3.814 3.909

22[a] 2.888 2.334 1.656 6.108 1.451

VizZ, A3 350.2 527.3 485.2 327.9 444.4

ARy = Yilyio — Yicl/YilViol; Rup = [T (Vio = Yid¥Tiwi(¥i,0)2*% Re = Snllno = Incl/Snlno; 22 = YiWi (Vio = ¥i.e)/(Nobs — Npa), whereyio andyic are
the observed and calculated profile intensities, respectively, whilaridl, c the observed and calculated intensities. The summations run deéa points
or n independent reflections. Statistical weightsare normally taken as .

(20). Unfortunately, compound® and 7—9 showed only a few and forced by the presence of weak, but non-negligiiléexed
broad peaks or haloes in their diffraction traces, thus manifesting peaks, we eventually solved and refined the whole modERirn
a nearly amorphous character; even if different synthetic attempts (with two Sn(IV) atoms inl-related inversion centers, thus
were tried, no (poly)crystalline materials were recovered, and explaining the difficulty in determining the correct lattice sym-
therefore, their structural properties remain unknown. metry). The most evident chemical consequence of this choice is
Standard peak search methods and indexing of the first lines the transSnChLMe, geometry of both crystallographically inde-
(20 < 30°) by TOPAS-R and TOPAS-I (Bruker AXS, 2005) pendent metal fragments and exclusion, from NMR data, of local
allowed determination of the lattice parameters (see Table 1) for disorder by mutual exchange of the nearly isosteric chloride and
all compounds3—6. Successful Le Bail refinement confirmed the methyl residues. As further spectroscopic information two satellites
absence of spurious peak; systematic absences, density, andurround the Chlpeak, attributed to the heteronuclear coupling,
geometrical considerations indicated space gr&@gss, P2;/n, C2, 1J(C—Sn), of about 580 Hz.
and P2/n for 3, 4, 5, and 6, respectively. Successful structure The structural models employed in the final whole-pattern
solutions and refinements confirmed these cell and space groupRietveld-like refinement were determined ab initio by the simulated
choices. annealing technique implemented in TOPAS-R using a ‘flexible’
A special comment requires the correct space-group determina-rigid body for the Bim ligand (the free conformational parameters
tion of compoundL. Indeed, similar agreement factors (in the-14  were the torsional angles about the twe-8H, bonds). A few
17% range for data up tof2= 55°) were obtained using, in aLe  restraints were added to obtain chemically significant geometrical
Bail simulation, a number of possible space groups where at mostvalues. In a few cases a preferred orientation correction was applied
one very minor (but variable) peak was not fit if systematically (only if strictly necessary). Table 1 contains the relevant crystal-
absent classes were introduced. Taking into account that alographic data and structure refinement details. The final Rietveld
contaminant phase can always be present in an analytically purerefinements plots are included in the Supporting Information.
bulk material, body-centered and primitive lattices sharing a number  Thermodiffractometric Analysis and Evaluation of the Ther-
of symmetry operations were initially considered probable. Density ma| Strain Tensors. Thermodiffractometric experiments were
considerations clearly indicated that the proposed unit cell, obtained performed in air from 25 to ca. 308C using a custom-made
by the indexing process described above, contains four formula sample heater, assembled by Officina Elettrotecnica di Tenno, Ponte
units, i.e.,Z = 4. Helping the correct assignment, we resorted to Arche, Italy. Diffractograms at different temperatures (with steps
solid-state *C CP-MAS NMR measurements, which clearly of 20 °C) were recorded typically in the range-30° 26. Linear,
indicated the presence of seven distinct peaks attributable to theparametric Le Bail refinements, as described in ref 21, eventually
Bim ligand (ato = 116.4, 119.0, 127.0, 130.2, 139.7, and 141.9 afforded the ‘best’ set of cell parameters at the different temper-
ppm for the ring CH moieties andi= 59.4 ppm for the methylene  atyres. Linear thermal expansion coefficients were then derived from
bridge), thus imposing & = 1 value. Consequently, for the SRCl  (1/x)(ax/aT) vs T plots  being either a lattice parameter or the
Me, moiety, to which Bim is bound, one crystallographically cell volume). Later, for each compound we selected the cell data
independent or two-half moieties lying about a symmetry element at two well-separated temperatures (typically RT and the last useful
can be expected. No matter which model is adopted, the presenceyoint before decomposition) and computed the thermal strain tensor
of a single CH peak ato = 27.2 ppm speaks for an occasional and its eigenvalues and eigenvectors using a locally developed
coincidence of the methyl peaks. With these observations in mind

we could exclude a number of space groups (particularly the (21) Stinton, G. W.; Evans, J. S. Q. Appl. Crystalllogr.2007, 40, 87—
primitive acentric ones, requiring doubling of the Bim moieties) 95.
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program based on the Ohashi algoritffhThermal strain tensors  region and other more intense bands at ca. 450'aran

were visualized with WinTens@,which produces a VRM# three- always be detected. These bands can be assigned to “in-
dimensional surface to be displayed together with the (properly plane phenyl ring rotation” (Whiffen’s u notation), “out-of-
or.iented) whole crystal structif#fewith the CORTONA VRML plane phenyl ring bending” (x), and “out-of-plane bending”
client. (y).2° At variance, the tir-halogen stretching frequencies
may be assigned with more certainty. In the diorganotin
species these bands occur at ca. 260%crm the tri- and

Synthesis and SpectroscopyThe reaction of Bim with tetrahalide adducts the same absorptions fall in the-300
R.SnX:-n acceptors in alcohols or diethyl ether or alcoholic: 270 and 336-300 cn1? region, respectively, shifted to lower
diethyl ether mixtures yielded adducts—9 always as  frequency with respect to the same absorptions in the parent
insoluble colorless precipitates. All derivatives are poorly R,SnX;-,and close to those reported for phenanthroline and
soluble in methanol and soluble or moderately soluble in bipyridyl adducts’

DMSO. Derivatives3 and 9, poorly soluble in DMSO, are The 'H NMR spectra in alcohols, water, or when not
soluble in water. Broadly speaking, yields are generally very possible in DMSQOds always support the formulas proposed
high in solvents such as diethyl ether, ethanol, and ethanol/and show that Bim has not undergone any structural change
diethyl ether mixtures, whereas they appear somewhat lowerupon coordination. The spectra indicate that the diorganotin
in “coordinating” solvents such as acetone or acetonitrile, complexes completely dissociate in DM3g-their proton
promoting chain termination. Various amounts of water are chemical shifts being analogous to those found in the same
present in the original precipitates, likely due to trace solvents for the free Bim ligand, giving further support for
amounts of moisture in the starting reagents that can bethe occurrence of reaction assessed from both conductivity
removed by heating the precipitate to 8C. It is worth and MW determinations. On the other hand, a not-negligible
noting that the tetra- and trihalotin(IV) derivatives are downfield shift is always found in the tri- and tetrahalide
afforded in high yield immediately upon mixing a solution derivatives, which suggests persistence of the coordination
of Bim and RSnX;-», whereas formation of the dihalotin  of Bim to the tin moiety in solution, likely upon breaking
species requires longer reaction times and nonionizing only one of the bridging SaN(imidazolyl) bonds and
solvents. Yields of the reactions are strongly dependent onformation of dimers, oligomers, or mononuclear species such
the nature and quantity of the solvents employed. The ligand as those reported in the drawing. This hypothesis is supported
Bim could be employed for the selective extraction of R&nX by both'*Sn NMR spectra of compoun&sand7—8, which

with respect to BSnX;: if an ethanol solution containing 1 exhibit signals analogous to that found in complexes of
mmol of Bim was added to an ethanol solution containing 1 formula RSnCGJ(N2>-donor) (R= Me, Bu, or Cl), and the
mmol of both MeSnCh and MeSnGJ, [Bim(MeSnCh)] J(*H-119Sn) coupling constant calculated 6y which is
exclusively formed, MgSnCl being completely recovered of the same order of magnitude as MeSii€}-donor)
from the solution. previously reported?

The IR spectra of the ligand Bim and its derivatives exhibit ~ Crystal Chemistry. Crystalsl and3—6 share the presence
weak vibrations at ca. 3000 cthdue to CH stretching of  of polymeric one-dimensional, ‘linear’ (all the metals in a
the heterocyclic rings and other intense absorptions betweerchain belong to a straight liney; Bim—Sn—Bim— chains,
1700 and 1500 cnt typical of ring breathing® In the far- based on Sn(IV) octahedral metal centers. These chains are
IR region the spectra of compountis9 are similar to those  invariably isooriented, i.e., parallel packed; however, the
reported for bis(pyrazol-1-yl)alkane derivativE&d he strong presence of different ancillary ligands completing the

Results and Discussion

absorption at ca. 570 crh found in the dimethyltin(1V), octahedral Sn coordination somewhat modulates their 2D
assigned tovasym SN—C, is consistent with dransR,Sn organization in the orthogonal plane (see below for details
configuration?® The v,s,m SN—C in the diphenyltin complex  and a correlation between the thermodiffractometric behavior
is found at ca. 290 cni, always suggesting tans-Ph,Sn and chain organization). Further modulation factors are the

geometry?® The RSnX% adducts show, as expected, a single stereochemistry of the NSn—N linkage, which is trans in
Sn—C vibration at around 270 (R= Ph), 540 (R= Me), all derivatives but in4, and the conformation of the Bim
and 610 (R= Bu") cm. In addition, in the phenyltin(V)  ligand, which has idealize@, symmetry in all derivatives
derivatives two weak absorptions in the 1780 cni? but in 4 where the idealized symmetry & (see below and
Figure 1 for a discussion of Bim stereochemistry in terms
(22) Ohashi, Y. IrComparatie Crystal ChemistryHazen, R. M., Finger, of the two torsional angles; andt,, defined in Chart 1).

L. W., Eds.; Wiley: New York, 1982; pp 92102.
(23) WinTensor, coded by W. Kaminsky, Department Of Chemistry, CryStal Structures of 1 and 5. These two compounds,

University Of Washington; 2004. [Bim(MezSnCh)], and [Bim(MeSnG)], respectively, differ
(24) Virtual Reality Mark-up Language. i it i i i
(25) Crystal structures VRML pictures produced with WebLab ViewerLite Only .m the substitution of a methyl with .a n.ea.rly .ISOSte”q

3.5, chloride ligand, and we expect a substantial similarity of their
(26) Nieuwport, G.; Vos, J. G.; Groeneveld, W.lhorg. Chim. Actal978

29, 117-123. (30) Dance, M. C.; McWhinnie, W. R.; Poller, R. €.Chem. Soc., Dalton
(27) Pettinari, C.; Lorenzotti, A.; Sclavi, G.; Cingolani, A.; Rivarola, E.; Trans.1976 2349-2350.

Colapietro, M.; Cassetta, A. Organomet. Chenl995 496, 69—85. (31) Visalakshi, R.; Jain, V. K.; Kulshreshtha, S. K.; Rao, Glr&rg.
(28) Clark, J. P.; Wilkins, C. 1. Chem. Soc. A966 871—-873. Chim. Actal986 118 119-124.
(29) May, R. J.; McWhinnie, W. R.; Poller, R. Gpectrochim. Acta971, (32) Pettinari, C.; Marchetti, F.; Cingolani, A.; Bartolini, 8Bolyhedron

27A 969. Smith, A. L.Spectrochim. Actd968 24A 695-706. 1996 15, 1263-1276.
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Figure 1. “Ramachandran plots” obtained by systematic variations of Bim conformation (for a definition afd 2, see Chart 1). (Upper triangle)
Potential-energy surface of the ‘free’ Bim ligand (computed using Tinker and the MM3 force field). (Lower triangle) Expeetelddidtance computed

for a flexible M—BIM —M fragment with standard €C, C—N, and M—N (2.40 A) bond lengths. Blue and red numbers address the compounds described
in the present and following pares, respectively. Green circles concern Btm derivatives which will be the subject of a forthcoming publicagpeninAdireal
observations have been replicated according to the symmetry of the potential-energy surface of the freerdigahd(f(r1, —12), (t2, 71), (=72, —71)].
Continuous t; = 72 and7; = —12), dashed, and detdashed lines highlight,, Cs, pseudoCs, and pseudds; conformations, respectively.

Table 2. Synoptic Collection of Relevant Structural and Stereochemical Features of CompbandS—6

1 3 4 5 6
topology 1D 1D 1D 1D 1D
geometry octahedral octahedral octahedral octahedral octahedral
coordination NC2C|2 NzCzClz N2C2C|2 N2CC|3 N2CC|3
M—N, A 2.31,2.32 2.17%2) 2.46,2.54 2.2%2) 2.31(x2)
M—Cl, A 2.43,2.45 2.332) 2.56, 2.60 2.282.49(x2) 2.37(x2), 2.55
M-C, A 2.12,2.20 2.12¢2) 2.12,2.14 2.29 2.08
M—bim—M, A 11.09 9.68 9.62 10.64 10.67
N—Sn—N, deg 180 180 92.1 173.4 174.6
71, deg 38.8 70.7 -69.4 67.6 64.7
7o, deg 52.2 70.7 84.4 67.6 64.7
idealized Bim symmetry C C; Cs C C
M site symmetry -1 -1 1 2 2

aThese anomalous values arise from Me/Cl disorder (refined occupancies 0.41(4):0.59(4)).

crystal structures; however, this does not occur. Certdinly while in 5 all metals are crystallographically equivalent and
and5 share a similar C-centered rectangular chain packing no ligand alternation is observed. As addressed in Table 2,
(in 1 nearly hexagonal); however, as shown in Figure 2, their the chlorine and carbon atoms on the two-fold axis are
polymeric backbones have a different arrangement. Indeed,mutually disordered.

they differ both in the local Sn stereochemistry (the trans  Crystal Structure of 3. [Bim("Bu,SnCb)], chains (of
Bim ligands being eclipsed within themselves and to the marked ellipsoidal shape) share wittand5 a C-centered
chlorine atoms irl while substantially staggered B) and rectangular packing; this is somewhat unusual since we
in the relationships between nearby metals:1ithe chain would expect theé'Bu ligands of different chains to inter-

is generated by two independent (half) tin atoms which are mingle rather than be buried within each individual chain in
mutually eclipsed but alternate methyl and chlorine ligands, the ‘holes’ created by the Bim ligand as shown in Figure 3.
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Figure 2. Schematic drawing of the portion of the one-dimensional chain
present in [Bim(MeSnCb)], (1; top) and [Bim(MeSnG)], (5; bottom).
The polymers grow along [1 0 2] ané-[L 0 1], respectively. Tin atoms are
shown in yellow and chlorine atoms in green.

Figure 3. Schematic drawing of the portion of the one-dimensional chain
present in [BIm{Bu,SnCb)], (3). The polymer grows along [1 0 1]. Tin
atoms are shown in yellow and chlorine atoms in green.

) i Figure 4. Crystal packing of [Bim(PhSng)], (6) down [0 O 1]
As far as the stereochemistry of the Sn atom is concerned,highlighting the double layers (stacked aldngdescribed in the text. Tin

we notice that the two trans Bim ligands are eclipsed within aoms are shown in yellow and chlorine atoms in green.
themselves and to the chlorine atoms (likel)n
Crystal Structures of 4 and 6. These two compounds,
[Bim(Ph,SnCb)], and [Bim(PhSnG)],, share similarities in
the packing since in both cases the phenyl substituents
protrude from the backbone and intermingle with those of
the nearby chains. However, 4these interlocking phenyls
are mutually orthogonal, while ithey are mutually parallel
and ‘segregated’. Indeed, when the structuré of viewed
along the chain axiscf as in Figure 4 it is possible to
recognize that chain backbones are organized as double
layers separated by layers of stacked phenyls which allow
for some narrow channels among them (radius 1.40 A,
volume 118 '&) At variance, no empty volume is left in Figure 5. Schematic drawing of the portion of the one-dimensional chain
the packing of4. Species4 and 6, as shown in Figure 5,  presentin [Bim(PsSnCh)], (4; top) and [Bim(PhSnGJ], (6; bottom). Both
differ even more in their polymeric backbones sincedin polymgrs grow along [0 O 1]. Tin atoms are shown in yellow and chlorine
there are cis NSn—N linkages and Bims witl€s conforma- atoms in green.
tions while in6 there are trans linkages a@ Bims. As  are particularly useful because, when drawn within the
shown in the following paper, cis NSn—N linkages and  structure packing diagrams (see Figures 7 and 8), they convey
Cs Bims are not unusual; moreovet, is isostructural to  information otherwise inaccessible. This is particularly true
(Btm)SnPhBr, (Btm = bis(triazolyl)methanej? for low-symmetry (monoclinic and triclinic) crystal systems
Isobaric Thermal-Expansion Coefficients and Strain where thermal expansion coefficients, being somewhat
Tensors.To attempt a correlation between RT structures and ‘correlated’ by the variations of the interaxial angles, may
anisotropy of intermolecular forces we determined, for all conceal some significant structural effect.
compounds structurally characterized here, the thermal Thermal expansion depends on the strengths of chemical
behavior of their lattice parameters between RT and their ‘interactions’ in different directions. Actually, deformation
decomposition/melting temperature (see Figure 6 for the of a crystal by a change in the temperature is expected to be
relative variations with temperature of the cell axis). This minimal in the direction of the highest atomic density, i.e.,
allowed us to compute their thermal-expansion coefficients the direction of strongest interactions. Therefore, the principal
(Table 3) and thermal strain tensors (Table 4). Strain tensorsaxes of the thermal strain tensor, being directed toward the
— - _ : —  softest and hardest expansion directions, should straightfor-
(33) I‘_’F".‘ﬂgfwl'j_?';‘lj”s\t(f?&T%{f;ﬂ%‘ﬁ_Jpég}gh;afd;ﬁvggggl’gﬁagha" wardly highlight weak and strong ‘intermolecular’ interac-
1954. tions. Polymers are long molecules with ‘strong’ covalent
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Table 3. Thermal Expansion Coefficients for Compourdand 3—62

compound o op o oy
1 1.50 19.37 —6.86 15.92
3 11.90 18.07 —-1.01 29.09
4 4.61 2.50 2.06 9.22
5 1.47 5.40 —0.09 6.77
6 0.54 1.12 0.33 3.09

aThe quoted values are taken as the average linear expansivitigs
defined as (2)(ox/aT) in units of 105 °C~1,

invariably ‘bisect’ these two strain components; that is, they
point toward an almost ‘zero strain’ direction (which however
is not one of the principal axis of the strain tensor, see Figure
7). On the contrary, in the absence of a negative strain
component, like i, the ‘rigid’ polymeric backbone is, as
expected, isooriented with the smallest strain component (see
Table 4).

Figure 3 and Tables 3 and 4 offer a comparative view of
the thermal behavior of the five crystalline samples analyzed
here. What is clear at a first sight is thhand3 and, to a
lesser extent5 undergo significant changes under thermal
stress; at variancd,and6 are only marginally perturbed. It
seems obvious to correlate this different behavior with the
absence (irl, 4, and5) or presence (it and6) of ligand
entanglement of nearby polymeric chain as discussed above.
Although to a much lesser extent, because of phenyl
entanglement also shows some thermal expansion which,
highly anisotropic in nature, clearly highlights that the softer
direction matches the sliding of the phenyl groups one on
top of the other (see Figure 8).

The thermal strain tensors 8f5 isooriented with their

crystal packings are reported as Supporting Information.

Conformational Analysis of the BIM Ligand. In order

to quantitatively address the stereochemistry of Bim, we
found it useful to employ two torsional angles, and o,
defined by the G—N—Cy>—N sequence, i.e., those involving
the orientation of each of the imidazole rings with respect
to the N-methylene bridge (see Chart 1) and compute (using
Tinker®* program and the MM3 force field therein tabu-
lated) the Ramachandran plot of Figure 1 (upper triangle),
which highlights the conformational preferences of the free
Bim ligand. In the lower triangle of Figure 1 are instead
reported the M=M distances spanned by Bim as a function
of the very same degrees of freedom computed for a flexible
M—Bim—M fragment with standard €C, C—N, and M—N
(2.40 A) bond lengths. On the whole, the pseudo-Ramachan-
_ _ o dran plot of Figure 1 highlights the spectrum of ‘possible’
Haure %Ouﬁ'g; gf;hg ;egzgvgo‘;a{éaggggngg:”‘:) ‘;e;;;’fe;)‘ésgzzgi’gt“re (ie., associated to a low energy conformation of the free
(a) c axis. ligand) MM distances.

Note that with this choice; = t, means rigorous,
bonds in the chain direction and ‘weak’ intermolecular forces symmetry whiler; = —1», defines theCs one. We can also
holding together adjacent chains in perpendicular directions. consider pseud6, (r; = 7, + 180) and pseud@s (r; =
A large anisotropy is therefore expected. Moreover, since —z, + 180) conformations which share similar steric energies
thermal agitation gives rise to lateral vibrations in the chain, with their C, andCs counterparts: the rotation of 188bout

an effective contraction may also be observed. the N—Cy, bond interchanging N with the nearby CH do
Indeed, all compounds bud have a negative strain

component (cfvalues in Table 2 and 4). This complicates (34) Ponder, J. W.; Richards, F. M. Comput. Chem1987, 8, 1016~

; ; " S 1024.
the above plcturg since now the smal.lest (positive) stral_n IS (35) Allinger, N. L.: Yuh, Y. H.: Lii, 3.-H.J. Am. Chem. S0d.989 111,
no longer isooriented with the chains. Actually, chains 8551-8566.
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Table 4. Strain Tensors Principal Axes (Lengths and Orientations) for Compoliaasl 3—6

chain direction AT ol2 ub P we 022 ub » wh a3 ub P wh
1 (102 160 —-1.16 —-0.14 0 1 0.62 2.92 0 2 3.10 0 1 0
3 (101) 140 —0.15 0.13 0 1 1.61 -1 0 —0.04 2.44 0 -1 0
4 (001 140 0.29 —0.03 0 1 0.35 0 -1 0 0.64 1 0 0.09
5 (-101) 240 —0.03 -1 0 3.85 0.35 1 0 —0.06 1.30 0 1 0
6 (001) 220 —-0.10 —1.18 0 1 0.25 0 1 0 0.54 1.42 0 1

a Strain, change in length per unit length, is dimensionless (all values multipli#?). For a better comparison with the data in Table 2 we also report
the pertinentAT values.” u, », w are the (fractional) Miller indexes of the given principal axis direction.

Figure 7. Thermal strain tensor of [Bim(M&nCb)]n, 1, isooriented with

its crystal packing, viewed down the largest strain component [010].
Horizontal axis: a. Green portions indicate expansion, while the red one
highlights (minor) contraction directions (approximately aligned veth
Note that chains ‘bisect’ the two smallest (one positive, one negative) strain
components pointing toward an almost ‘zero-strain’ direction (which
however is not one of the principal axes of the strain tensor).

not substantially modify the steric enerdgy. and pseudo- ) ) ) o )
Figure 8. Thermal strain tensor of [Bim(PhSnfJi, 6, isooriented with

Gs conformatlons are. inherentlfe (binding metals Or_‘ its crystal packing, viewed down the negative strain componed0O]].
opposite sides of the Bim root-mean-square plane) at variancevertical axis: b. The softest direction matches the sliding of the phenyl

Cs and pseud@z conformations are inherentl;’(. groups one on top of each other. Note that strain tensors in these
figures are shown with arbitrary scale in order to highlight their directionality

Markers in Figure 1 address the experimental Bim and anisotropy. Therefore, that in Figure 7 appears much smaller, but as
conformations found in the compounds described in the indicated by the numbers collected in Table 4, its absolute values are much
present and following article. They clearly cluster in regions 29"
with a relative steric energy smaller than 3 kcal nol
Assuming this value as a threshold, it is clear t@aiand
pseudoC,) conformations can be easily deformed, retaining
their symmetry, but this is not true f&@s (and pseudd:s)
conformations whose field of existence is much narrower.
Moreover, by comparing the lower and upper triangles of
the Ramachandran plot of Figure 1 it is clear th&t
conformations span a wide range of possible-M contacts

Finally, 7; = —7, + 90 addresses a low-energy region of
the potential-energy surface associated to disrotation of the
two imidazole rings, which, however, has not yet been found
to be populated for coordinated Bim apart from, at the
intercepts, the more (experimentally) populat€d and
pseudoC; regions.

Conclusions
(roughly between 7.5 and 11 A) while th&s ones are
restricted to a narrower range (8-510 A). At variance, New polynuclear coordination species containing the
the energy range spanned by the experime@iabnforma- ditopic bis(1-imidazolyl)methane ligand have been prepared

tions seem to be slightly larger than that spanned byCthe  as microcrystalline powders by reacting Bim withSRX;—n
ones; this could imply tharCs conformations ‘exist’ in acceptors in alcohols, diethyl ether, or alcoholic:diethyl ether
slightly more crowded environments than tBg ones. In mixtures. The derived adducts of ligand-to-metal 1:1 ratio
fact, all Cs conformations found in this and the following have been characterized by analytical and spectroscopic
paper are associated with smalleM—N angles (96 methods as well as, above all, less conventional powder
118.5) than theC, ones (173.4180). diffraction techniques. The crystal and molecular structures
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derived there from unambiguously showed that all consist dynamics of the chains in these soft lattices) on the light of
of 1D chains with octahedral tin atoms with trans-8n—N the RT crystal structures.
linkages (except, which displays a cis NSn—N linkage).

The Bim ligand, which possesses two torsional degrees
of freedom (about the two GHN bonds), was found to
preferentially adopt a (idealize@-symmetric conformation,
although in4 Bim has an idealize@s symmetry. Whether
this is related to the trans vs cis arrangement of théN-N
angles is difficult to demonstrate, even if easy to observe.
However, insight on the stereochemical preferences of the  sypporting Information Available:  Crystallographic data
Bim ligand has been obtained by constructing and analyzing (excluding structure factors) for the structures reported in this paper
the Ramachandran plot of Figure 1. have been deposited with the Cambridge Crystallographic Data

Finally, all systems described here have also been char-Center as supplementary publication no. CCDC 6558%5212.
acterized by thermodiffractometry, monitoring the evolution Copies of the data can be obtained free of charge on application to
of the lattice parameters on varying the temperature. From the Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
these measurements we derived thermal expansion coef{Fax: +44—1223-335033; e-mail: deposit@ccdc.cam.ac.uk or
ficients and strain tensors which we used to interpret NtP//www.ccdc.cam.ac.uk).
thermally induced transformations (and, tentatively, the 1C701530C
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