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Aqueous reaction of (CHj3),SnCl, with Nag[A-a-PWgO34] in a
3:1 ratio with [C(NH,);3]* as structure-directing agent re-
sulted in three distinct assemblies of dimethyltin-function-
alized tungstophosphates depending on the pH: [{(CHj3),-
Sn(H,0)}{(CH,)2Sn}(A-0-PW¢O34)]> (1) at pH = 4.5; [{(CH),-
Sn(H;0),}{(CHs)2Sn(H,0)}2(A-a-PW3034)]* (2) at pH = 3.0;
and [{(CH3),Sn(H,0)}3(A-0-PWoO34)]%~ (3) at pH = 2.0. All
three compounds have been characterized in the solid-state
by elemental and thermal analyses, infrared spectroscopy
and single-crystal X-ray diffraction. The [A-0-PWgO34]°"

trilacunary fragments have three {(CHs),Sn}?* groups an-
chored on the vacant sites via two Sn—O(W) bonds each and
they are linked into guanidinium-templated, extended archi-
tectures with dimensionalities increasing with the acidity of
the reaction media. The structure of 1 consists of a 1-dimen-
sional arrangement of alternating [A-0-PWgO34]°~ subunits
and trans-(CH3),SnO, bridging moieties, whereas com-
pounds 2 and 3 are 2- and 3-dimensional assemblies, respec-
tively, of monomeric [{(CHs),Sn}s(A-0-PWyOs34)]%~ building
blocks connected via weak intermolecular Sn—-O=W bridges.

Introduction

Polyoxometalates (POMs) are metal-oxygen clusters with
a remarkable compositional and structural variety.!!]
Derivatization of POMs via covalent attachment of organic/
organometallic moieties to the metal-oxo framework allows
for enhancement and fine-tuning of the acid-base, redox,
and/or electronic properties, therefore affording hybrid spe-
cies with potential applications in diverse fields (e.g. cataly-
sis, materials science, medicine). Organotin groups are suit-
able candidates for systematic POM functionalizations be-
cause the Sn—C bond is reasonably stable toward hydrolysis,
and the size of Sn'V is apt to substitute addenda metal
centres in POM skeletons. Thus, several monomeric or di-
meric POMs composed of lacunary Keggin or Wells—
Dawson polytungstates with firmly anchored mono-
organotin fragments have been reported.! In addition, our
studies on the ability of the {(CH3),Sn}?* group as linker
of polytungstates and -molybdates have led to several un-
precedented POM architectures over the last few years, in-
cluding monomeric to dodecameric discrete assemblies of
lacunary heteropolytungstates and extended polyanion-
based materials.’]
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Among several factors (e.g., pH and temperature), the
features of the countercation constitute a key factor in the
formation of several POMs, and therefore, studying the
structure-directing role of the countercation constitutes an
important research objective to allow for a rational design
of tailored POM assemblies. In this context, the group of
Cronin has investigated the templating effect of some or-
gano-ammonium cations in the construction of novel POM
frameworks.”™ Moreover, our group found that [C(NH,);]*
appears to be a selective crystallizing agent for dimethyltin-
containing POMs that are present in solution as minor spe-
cies or cannot be isolated by using other cations (e.g., alkali
ions).B53 Recently, we reported the first 3-dimensional
architecture of organotin-functionalized POMs formed by
tetrahedrally arranged {(CHj3),Sn}3(A4-0-XW¢Os34) building
blocks (X = PV, AsY, Si'"V) connected via weak intermo-
lecular Sn—O=W bridges.*l This type of assembly is tem-
plated by [C(NH,);]" as a result of its trigonal-planar ge-
ometry and hydrogen bonding ability regardless of the size
or charge of the heteroatom X. The fact that dodecameric,
discrete POMs are formed under similar reaction condi-
tions*in the presence of Cs* ions suggests that the {(CH3)-
Sn};(A4-0-XWo034) monomers could be used as versatile
tailor-designed building blocks in the crystal engineering of
new materials. Therefore, we decided to investigate the
structure-directing role of organo-ammonium cations in the
formation of supramolecular aggregates of {(CHj3),Sn};(A4-
0-XWy034) monomeric species.

Here we report on the influence of the pH in the dimen-
sionality of [C(NH,);]* templated assemblies of dimeth-
yltin-containing 9-tungstophosphates. This work resulted in
three distinct compounds, obtained from reaction of the
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{(CH3),Sn}?* electrophile with the trilacunary [A4-a-
PW,05,4]° Keggin polyanion in water at different pH val-
ues:  Nag s[C(NH,)3]4 s[{(CH3),Sn(H,0)} {(CH;),Sn} (4-0-
PW,034)]8.5H,0 (1) at pH = 4.5; [C(NH,);]5[{(CH3),Sn-
(H>0)2} {(CH3),Sn(H,0)}2(4-0-PW5034)]-8H,O (2) at pH
= 3.0; and Na[C(NH,);]2[{(CH3),Sn(H,0)} 3(4-0-PWO34)]
9H,0 (3) at pH = 2.0.

Results and Discussion

Synthesis

Recently, we demonstrated that the [C(NH,)s]* cation
can be used as a structure-directing agent to construct su-
pramolecular arrangements of monomeric {(CHj3),Sn}5(A4-
0-XWo03,4) building-blocks. This cation acts as a template
for a certain architecture regardless of the charge and size
of the heteroatom X, resulting in the first 3-dimensional
assemblies of organotin functionalized heteropolytungsta-
tes.*l Considering the versatility of these monomers to as-
semble via weak intermolecular Sn—O=W bridges, we de-
cided to investigate the influence of the pH on the templat-
ing ability of [C(NH,)s]". Thus, we reacted the selected [4-
a-PWy034]° precursor with 3 equivalents of {(CH3),Sn}?*
in hot water with the pH value as the single variable. The
initial pH of the reaction was 4.5 and the 1-dimensional
hybrid [{(CH;),Sn(H,0)} {(CH3),Sn}(A4-0-PW4034)]>" po-
lyanion was isolated as 1 at such moderately acidic condi-
tions. Addition of a minimum fraction of acid suddenly
lowered the pH to about3, at which the monomeric
[{(CH;),Sn}5(A4-0-PWyO4,)]> species was formed. Guan-
idinium directs the formation of two different supramolec-
ular architectures of this monomeric building block, which
were obtained separately as a function of the medium acid-
ity: the 2-dimensional 2 at pH = 3.0 and the 3-dimensional
3 at pH = 2.0 (Scheme 1).
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Scheme 1. Synthetic procedure for compounds 1-3.
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Infrared Spectroscopy

The infrared spectra (IR) of 1-3 are reminiscent of the
precursor with significant changes in some band positions
and intensities, indicating retention of the [A-a-PWyO34]°~
fragment upon functionalization (Figure S1). The {(CHjs),-
Sn}?* moieties are unequivocally identified by weak peaks
in the range 1190-1210 cm™' assigned to the 8,(CHj) vi-
bration in methyltin derivatives.®¥ Compounds 1-3 can be
clearly distinguished by IR despite being composed of sim-
ilar building blocks, and consequently, showing closely re-
lated spectra. The spectrum of 1 displays two signals origi-
nating from the v,,(P-O) mode (a pair of strong peaks and
a single medium intensity peak at about 1070 and
1005 cm ™), a group of three signals related to the v, (W-
O,) vibration with intensities decreasing to lower wave-
numbers (two strong peaks and a shoulder at about 935,
905, and 890 cm™!), four strong to very strong bands in the
range 835-670 cm™' assigned to the v,(W-O-W) mode,
and a medium peak at about 520 cm™! corresponding to
bending vibrations. For 2 and 3, splitting of the v,(P-O)
signal is not observed and the medium v,(P-O) peak and
the two strong v,(W—-0,) peaks are 10-15 cm™! blueshifted,
leading to resolution of the v,(W-O,) shoulder in a sepa-
rate signal of medium intensity at about 890 and 900 cm™!
for 2 and 3, respectively. In addition, the v,,(W-O-W) band
at lower wavenumbers is masked by broadening of the sig-
nals in this region, resulting in a pattern of three bands in
the range 835-720 cm~' where the central one in 3 is red-
shifted for ca. 20 cm .

Thermal Analysis

The thermal analyses of 1-3 show similar trends (Figure
S2). Mass loss starts at room temperature with a dehy-
dration step below ca. 180 °C (1, 170; 2, 190; 3, 190 °C)
involving the release of 9.5 and 12 water molecules for 1
and 3, respectively [% calcd. (found): 1, 5.74 (5.66); 3, 7.12
(7.25)]. In the case of 2, only 11 of the 12 water molecules
observed by X-ray crystallography could be determined [%
calcd. (found): 6.49 (6.54)]. Dehydration is immediately fol-
lowed by the release of the [C(NH,);]* cations together with
the loss of the methyl groups in a second mass loss step
below 420, 435, and 445 °C for 1-3, respectively [% calcd.
(found): 1, 11.55 (11.61); 2, 8.86 (8.31); 3, 6.93 (7.41)]. After
a narrow stability range, the resulting metal-oxo frame-
works undergo final decomposition above 475 (1), 515 (2),
and 540 °C (3).

Structure of 1

The  polymeric  [{(CHj3),Sn(H,0)} {(CH3),Sn}(A4-a-
PW,034)]> polyanion in 1 consists of alternating trilacun-
ary [A-0-PWy034]° subunits and {(CHs),Sn}>" bridging
moieties linked in a 1-dimensional assembly (Figure 1).
These subunits, derived from the parent [A-0-PW;,0,0]*
Keggin ion by removal of three corner-sharing WOg octahe-
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dra, are decorated by additional {(CH;),Sn}?* pendant
groups, in such a way that each trilacunary fragment is con-
nected to three {(CHj3),Sn}>" electrophiles grafted on the
vacant sites through two Sn—O(W) bonds. Two adjacent [A4-
a-PW,05,4]” subunits are linked by equatorial coordination
of one {(CH;),Sn}?" bridging moiety (Snl) to two pairs of
edge-sharing WO octahedra with a regular Sn—O bonding
in the range 2.174(11)-2.271(11) A. The octahedral (CHj),-
SnO, geometry is completed by the methyl groups in the
axial positions with a relative frans arrangement. In con-
trast, the Sn centers in the pendant groups (Sn2) are penta-
coordinate and exhibit a highly distorted (CHj3),SnO5 ge-
ometry which is best described as trigonal-bipyramidal. The
equatorial plane is composed of one O atom from the third
edge-shared {W,0,o} dimer and the two methyl groups,
which therefore display a relative cis arrangement. Another
O atom of the {W,0;o} dimer and the O2Sn oxo ligand,
assigned as a water molecule by bond valence sum (BVS)
calculations,® occupy the axial positions. All the Sn—-O
bonds are short, with the exception of the long Sn—O2Sn
bond, in agreement with our previous polytungstates con-
taining independent cis-(CH;),SnO5 groups (Table 1).53:3i]

Figure 1. Polyhedral/ball-and-stick representation of the 1-dimen-
sional polyanion [{(CH;),Sn(H,0)} {(CH;3),Sn}(A4-0-PW,03,)]° in
1 with atom labeling (hydrogen atoms omitted for clarity). Color
code: WOyq4 octahedra, white; PO, tetrahedra, light grey; Sn, grey;
C, black; O, dark grey.

Table 1. Selected bond lengths [A] for the tin atoms in 1-3.1

Eur|IC

The zigzagging chains in 1 run along the ¢ axis with some
of the [C(NH,);]* cations embedded in the space delimited
by three consecutive [A4-0-PWyO1,]°~ subunits (Figure 2).
These cations template the shape of the hybrid 1-dimen-
sional assembly by determining the zigzagging angle
through twelve N-H--Opgy contacts that hold alternating
trilacunary fragments together. The chains are arranged in
layers parallel to the ac and bc planes placed at a = b =
1/4 and 3/4, in such a way that each polymeric polyanion is
linked to the four nearest, 90° rotated neighbours through

European Journal
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Figure 2. View of the crystal packing of 1 along the ¢ axis (top)
with a detail of the N-H-+Opgy hydrogen-bonding network
(dashed lines) between two adjacent polyanions (bottom, Sn2
groups not shown). Color code: same as Figure 1. Bridging Snl
moieties represented as polyhedra to highlight the backbone of the
zigzagging chains. Hydrogen atoms omitted for clarity.

1 2 303il
Bridging moieties
Sn1-C1S1 2.106(19) Sn1-C1S1 2.082(12) Sn-C2 2.072(18)
Sn1-C2S1 2.135(17) Sn1-C2S1 2.112(13) Sn—Cl1 2.114(16)
Sn1-09A! 2.174(11) Sn1-02S1 2.058(8) Sn-O1S 2.078(11)
Sn1-05S1 2.191(11) Sn1-O1S1 2.102(8) Sn-02S 2.154(11)
Sn1-08A! 2.253(12) Sn1-O1Sn 2.398(9) Sn-O1Sn 2.325(12)
Sn1-04S1 2.271(11) Sn1-O5T 2.706(8) Sn-O2T 2.483(11)
Pendant groups
Sn2-C2S2 2.02(3) Sn2-C2S2 2.070(17)
Sn2-C1S2 2.09(3) Sn2-C1S2 2.10(2)
Sn2-06S2 2.063(13) Sn2-05S2 2.149(8)
Sn2-07S2 2.063(14) Sn2-0582ii 2.149(8)
Sn2-02Sn 2.35(3) Sn2-02Sn 2.457(11)

Sn2-028nit 2.457(11)

[a] Symmetry codes, i: 1/2 — x, 1/2 -y, 1/2 + z;ii: 172 —x, 1 — y, 1/2 + z; iii: x, 3/2 — y, z.
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an extended N-H-+Opgoy hydrogen bonding network in-
volving almost all terminal and bridging O atoms with the
exception of those coordinated to Sn centers or belonging
to the edge-shared {W,0,,} dimer onto which the pendant
Sn2 group is anchored. This connectivity results in a 3-di-
mensional open-framework, displaying square-shaped
hydrophobic channels, parallel to the [001] direction where
the pendant groups are hosted.

Structures of 2 and 3

The crystal structures of 2 and 3 are extended assemblies
of monomeric [{(CH3),Sn};(4-0-PW,03,)]>" building
blocks, composed of three {(CH;),Sn}?* electrophiles an-
chored via two Sn—O(W) bonds each on the vacant sites of
a [A-0-PWyO4,]° fragment. The geometry of the Sn atoms
is highly distorted octahedral (CH3),SnO,4 with the axial
positions occupied by the methyl groups in a relative trans
arrangement. In the case of 2, two of the {(CHj),Sn}>*
electrophiles (Snl) act as bridging moieties, whereas the re-
maining one (Sn2) constitutes a pendant group in analogy
with the structure of 1 (Figure 3). The equatorial plane of
the Snl atom is formed by two O atoms of an edge-shared
{W,0,0} dimer, one water molecule (O1Sn), and one ter-
minal O atom belonging to the {WsO,;} belt of a neigh-
bouring monomeric unit (O5T). Unlike for 1, this results in
an irregular Sn—O bonding with two short bonds, a long
Sn1-O1Sn bond and a very long Sn1-O5T bond, leading
to a pattern analogous to other polytungstates containing
trans-(CH;),SnO,4 moieties (Table 1).3] On the other hand,
the equatorial bonding of the Sn2 centers is defined by two
short Sn—O bonds with a pair of edge-sharing WOjg octahe-
dra and two long bonds to water molecules (O2Sn). Dipro-
tonation of the O1Sn and O2Sn oxo ligands is confirmed
by BVS calculations.[®]

02sn

Sn1

o1s
c2s1 o RS

Figure 3. Polyhedral/ball-and-stick representation of the building
block [{(CH3)>Sn(H,0),} {(CH;)>Sn(H,0)}(4-a-PWy03,)* in 2
with atom labeling (hydrogen atoms omitted for clarity). Color
code: same as Figure 1.

The crystal packing of 2 consists of 2-dimensional ar-
rangements of [{(CH3),Sn};(4-0-PWy03,)]> monomers
parallel to the bc plane (Figure 4). Each building block is
connected to the four nearest by four Snl bridging moieties,
and more specifically, through four weak Sn—O=W inter-
2540
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molecular bridges involving the terminal atoms of the edge-
shared {W,0;o} dimers onto which the Sn2 pendant groups
are grafted (W5/W5'). This assembly displays intralamellar
spaces delimited by four adjacent, interconnected building
blocks where groups of three stacked [C(NH,)s]" cations are
buried. The latter stabilize the polyanion association by
holding the four building blocks together through an intri-
cate network of N-H---O hydrogen bonds with the W5/W5’
containing tetrameric face of one monomer and the
{WsO,7} belts and/or O1Sn water molecules of the remain-
ing three monomers. This type of connectivity leads to cor-
rugated hybrid layers that pack along the a axis with the
pendant Sn2 groups pointing to the interlamellar space, in
such a way that the O2Sn water molecules are further in-
volved in O-H-**Opoy; hydrogen bonding between adjacent
layers.

Figure 4. Top: Projection of the 2-dimensional arrangement of
[{(CH;3),8n(H,0),} {(CH3):Sn(H,0)} 5(4-0-PWy03,)]>~  building
blocks in 2 on the b¢ plane with a detail of the N-H++*Opgp hydro-
gen-bonding network (dashed lines). Bottom: Side view along the
¢ axis of a corrugated layer. Color code: same as Figure 2. Bridging
Snl moieties represented as polyhedra to highlight the backbone
of the hybrid layer. Hydrogen atoms omitted for clarity.

In the case of 3, the three {(CH3),Sn}?* electrophiles act
as bridging moieties and they show trans-(CHs),SnO,4 geo-
metries analogous to the Snl centers in 2 but with signifi-
cantly shorter Sn-O,, and Sn-O, bonds (Table 1). Thus,
each monomer is connected to six neighbors via six weak
intermolecular Sn—O=W bridges, resulting in a chiral 3-di-
mensional architecture of tetrahedrally arranged building
blocks that has been described previously in detail (Figure
S3).531 It must be remembered that the discrete [{(CHj),-
Sn(H50)}24{(CH3),Sn} 12(A4-0-PW4034)1,]°¢ spherical clus-
ter composed of twelve Sn—O=W bridged {(CHj3),Sn}3(A4-
0-PW,03,) building blocks was obtained under similar re-

Eur. J. Inorg. Chem. 2010, 2537-2542
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action conditions when Cs* was used as crystallizing
agent.’l These results, together with the observation of a
single '"?Sn-NMR signal for the reaction mixture of the
dodecamer, constitute a strong indication that the 3:1 reac-
tion of {(CH;),Sn}?* with [4-a-PWq03,]°" in water at
acidic pH results in the monomeric [{(CH3),Sn(H>0),}3(4-
a-PWy054)]* species of idealized Cs, symmetry (see Fig-
ure 3 for analogy). Furthermore, they illustrate the ability
of this monomeric species to assemble in a versatile mode
to form supramolecular architectures with features gov-
erned by key factors as the type of countercation (extended
with [C(NH,)s]* vs. discrete with Cs*) or the pH for a given
templating cation such as [C(NH,);]" (2-dimensional at pH
= 3.0 vs. 3-dimensional at pH = 2.0). Dissolution of 2 and
3 should proceed via the rupture of the very long Sn—-O=W
bridges and result in the monomers mentioned above, but
the very low solubility of these compounds impeded us to
obtain useful NMR results to ascertain this point (also ion
exchange was impossible).

Conclusions

Our work illustrates the richness displayed by the chemis-
try of organotin-functionalized POMs. In the particular
case of dimethyl-containing 9-phosphotungstates, the
[C(NH,);]* cation can be used as structure directing agent
to isolate up to three different compounds from the 1 [4-
a-PWy054]” : 3 {(CH3),Sn}?* reaction with the pH as the
single variable. The polyanion [{(CH;),Sn(H,O0)}{(CHj3),-
Sn}(A4-0-PWy03,)]’ in 1 is obtained at moderately acidic
pH and it consists of a 1-dimensional arrangement of alter-
nating [A4-0-PWyOs,]”~ subunits and trans-(CH;),SnO,
bridging moieties. The monomeric [{(CH;3),Sn}3(A4-a-
PW,034)] species is formed at lower pH and its capability
to assemble in a versatile mode via weak intermolecular
Sn—O=W bridges results in two different [C(NH,);]* tem-
plated architectures depending on the pH: the 2-dimen-
sional 2 at pH = 3.0 and the 3-dimensional 3 at pH = 2.0.

Experimental Section

General Remarks: The precursor Nag[4-0-PWO34]:13H,O was
synthesized according to literature procedures and identified by in-
frared spectroscopy.l”! All other chemicals were purchased from
commercial sources and used without further purification. Elemen-
tal analyses were performed by Analytische Laboratorien, Lindlar,
Germany. Infrared spectra were obtained as KBr pellets on a Nico-
let Avatar 370 FT-IR spectrophotometer. Thermal analyses were
carried out on a TA Instruments SDT Q600 thermobalance with a
100 mL/min flow of N,; the temperature was ramped from 20 to
800 °C at a rate of 5 °C/min. All measurements were performed on
crystalline samples, and each compound had an easily distinguish-
able crystal morphology (thin needles for 1, rectangular blocks for
2, and crystals with a tetrahedral shape in the case of 3). Solid
samples were carefully inspected under an optical microscope prior
to use. This, together with repeated single-crystal X-ray diffraction
measurements, did not show any evidence for a mixture of phases.

General Synthetic Procedure: To an aqueous (30 mL) solution of
(CHj3),SnCl, (0.132g, 0.60 mmol) powdered Nag[A-0-PW¢Os34]
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13H,0 (0.534 g, 0.20 mmol) was added. The pH of the resulting
solution was adjusted to the desired value if necessary using aque-
ous 6 M HCI, and after heating to 80 °C for 30 min and cooling
down to room temperature, a few drops of aqueous 1 M [C(NH,);]-
C1 (0.5 mL) were added. Colorless single-crystals suitable for X-ray
diffraction were obtained by slow evaporation of the final solution
at room temperature.

Nay s[C(NH2)3]4.5[{(CH3),Sn(H,0)}{(CH3),Sn}(4-0-PWyOs34)]-
8.5H,0 (1): The initial pH of the solution was 4.5 and it was not
modified before heating. A white precipitate of 1, as indicated by
IR spectroscopy, was formed overnight and it was filtered off. Nee-
dle-like crystals were obtained from the mother liquor after 2-3
weeks and they were isolated by filtration. Yield: 0.08 g of crystal-
line material (13% based on P). Cg sHsgN 3 5Nay 5043 sPSn, Wy
(2980.1): caled. C 3.43, H 1.96, N 6.34, Na 0.39, P 1.04, Sn 7.97,
W 55.35; found C 4.06, H 2.05, N 6.23, Na 0.12, P 1.10, Sn 8.50,
W 54.48. IR: v = 1188 (w), 1082 (s), 1064 (s), 1007 (m), 934 (s),
904 (s), 891 (sh), 834 (s), 784 (vs), 718 (s), 668 (s), 595 (w), 571 (w),
518 (m) cm ™.

[C(NH_);l3[{(CH3),Sn(H,0),} {(CH3),Sn(H,0)}2(A4-0-PWO3,)|-
8H,O0 (2): The pH of the solution was adjusted to 3.0 by addition
of aqueous 6 M HCl before heating. Block-like crystals were formed
after ca. 1 week and they were isolated by filtration. Yield: 0.13 g
of crystalline material (21% based on P). CoHgyNgO,4sPSnsWy
(3072.4): caled. C 3.52, H 1.97, N 4.10, P 1.01, Sn 11.59, W 53.86;
found C 3.69, H 1.95, N 4.10, P 1.19, Sn 11.71, W 53.96. IR: ¥ =
1208 (w), 1075 (s), 1016 (m), 943 (s), 919 (s), 888 (m), 833 (s), 784
(vs), 721 (vs), 596 (w), 576 (w), 522 (m) cm .

Na|C(NH,)3L:I{(CH3),Sn(H,0)}3(4-0-PWyO34)-9H,O  (3): The
specific synthesis of 3 (pH = 2) has been previously reported else-
where 3]l

X-ray Crystallography: Crystallographic data for compounds 1 and
2 are summarized in Table 2. The crystal structure of 3 has been
previously reported elsewhere.’]l Single crystals were mounted in
Hampton cryoloops for indexing and intensity data collection at
173(2) K. Data were collected on a Bruker X8 APEX II CCD sin-
gle-crystal diffractometer with k geometry and graphite-monochro-

Table 2. Crystallographic data for compounds 1 and 2.1

1 2
Formula CgsHsgNi3 5Nag 5043 sPS1,Wo - CoHggNgO4PSn; Wo
fw /gmol ! 2980.1 30724
Crystal system tetragonal orthorhombic
Space group yz: Prnma
alA 29.9941(4) 25.0889(5)
bIA 29.9941(4) 17.5925(4)
clA 13.3457(4) 12.8199(3)
VA3 12006.4(4) 5658.4(2)
V4 8 4
Pealed, lgem 3.308 3.607
o fmm! 18.114 19.649
Reflections:
collected 175926 260877
unique (Riy,) 12060 (0.112) 7540 (0.136)
observed (I > 2cl) 10447 6318
Parameters 333 206
R(F) (I > 201) 0.041 0.046
WR(F?) (all data) 0.097 0.129
GoF 1.044 1.007
Flack parameter -0.008(11)

[a] R(F) = X|F| — |FZ |Fol: wR(F?) = {Z[w(F,® — F2))
Ipw(FP
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mated Mo-K,, radiation (/. = 0.71073 A). Data collections, unit cell
determinations, intensity data integrations, routine corrections for
Lorentz and polarization effects, and multi-scan absorption correc-
tions were performed using the APEX2 software package.®! The
structures were solved and refined using the SHELXTL software
package.[”! Direct methods were used to solve the structures and
to locate the heavy atoms. The remaining atoms were found from
successive Fourier syntheses. Heavy atoms (W, Sn) were refined an-
isotropically. Lighter atoms (C, O and N) were refined isotropically.
Hydrogen atoms of the methyl groups and the guanidinium cations
were placed in calculated positions and refined with a riding model
using standard SHELXL parameters. The final geometrical calcu-
lations were carried out with the PLATON program.!‘]

CCDC-757618 (for 1) and -757619 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccde.cam.ac.uk/data_request/cif.

Supporting Information (see also the footnote on the first page of
this article): FT-IR spectra (Figure S1) and TGA curves (Figure
S2) for 1-3. Detailed crystal packing of 3 viewed along the [111]
direction (Figure S3).
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