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Addition of [Mo",0,S(edt),]*~ (edt =1,2-ethanedithiolate) to acetonitrile and/or methanol solutions of Mn'" containing
bipyridines [4,4'-trimethylenedipyridine (TDP), 4,4'-bipyridine (4,4'-bpy), 2,2'-bipyridine (2,2'-bpy)] or 15-crown-5
produces three new heterometallic cluster coordination polymers, [Mnz{ M0,0,S,(edt),} 2(TDP)3(CH3;OH),(NCMe),]-
3CH3OH'025M€CN (1), [Mn(TDP)z(HZO)z]Z"[Mn{ MOzozsz(edt)z)z(TDp)z}]27'6CH30H (2), [Mn{ MOzozsz(edt)z} (TDP)z-
(CH30H)(H20)]+CH30H (3), and three new multinuclear clusters, [Mn{ M0,0,S,(edt),} (4,4'-bpy)(CH3;0H)4]-0.5(4,4'-
bpy) (4), [Mn{Mo0,0,S,(edt),}(2,2'-bpy),]:2CH;0H (5), and (NEts)[Mn(15-crown-5){ M0,0,S,(edt),}2] (6). All
compounds were characterized by X-ray crystallography. The coordination mode of Mn in these compounds depends
on the ligands and the crystallization conditions. Compound 2 readily converts to 1 or 3 depending on the reaction
and solvent conditions. Compounds 1 and 2 were analyzed using thermogravimetric analysis combined with mass
spectroscopy (TG-MS) in the temperature range 25-500 °C. The room-temperature magnetic moments for compounds
1-6 were determined.

Introduction centers with multiconnected ligands. Less attention has been

Organic-inorganic hybrid materials can produce a variety Paid to the use of metal clusters as building units for the
of novel structurésand have potential applications in hest synthesis of new multidimensional structures. Coordination
guest chemistry, catalysis® electrical conductivity, and polymers constructed with metal clusters as building blocks

adsorptiorf Most of the organie-inorganic hybrid materials ~ &ré usually relatively stable and, hence, more promising
reported so far are constructed from mononuclear metal candidates for applications than those assembled with mono-

nuclear metal centefs.
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to prepare a range of structurally diverse heterometallic
sulfido clusters and coordination polymér8 Many of these

Scheme 1. Proposed Pathway for the Conversion2oito 3

M0, — > [Mo0,8, 1 — 2 5 [Mo,0,8,edt, ]

compounds are of interest because of their relevance to bio-

logical systems (active sites in metalloenzymes) and indus-
trial applications (hydrodesulfurization in petrochemistri}

or potential applications in conducti?end nonlinear optical
materialst® A general feature of the reactions of [Mog)s

and its analoguésc is that the oxo ligand usually retains
terminal coordination, and further coordination to other
transition metal ions has not been reported so far. In this

paper we present the synthesis of new coordination polymers“3'

and clusters prepared by attaching'Muo the terminal oxo

ligands which have unprecedented molecular and supra-

molecular structures.
To date, most Mo(WJM'—S (M' = other transition

metals) clusters have been synthesized via traditional solution

reactions. The reactions usually involve thiometalates
[MOu-nS]? (M = Mo, W; n=2,3,4) and ML, (L = ClI,
Br, I, CN, SCN, etc.) and sometimes organic ligands. Over
200 clusters with a variety of different structures have been
obtained by this routé However, this approach has been so
successful that it is increasingly difficult to synthesize new
clusters with novel structures using this method, and new
synthetic pathways and strategies need to be developed.
In this paper we present a new approach specifically
targeting the rational assembly of polymetallic clusters
containing more than one type of metal by the reaction of
Mo—S—0-based clusters with oxophilic transition metal ions,
in which the terminal oxo ligand attached to Mo binds'Mn
with incorporation of multidentate organic ligands. Thus, a
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new class of organieinorganic hybrid clusters has been
produced by the combination of an M&—O-based cluster
with the relatively hard Mh.

Previous studié4 have demonstrated that the thiol and
bridging sulfur ligands of [MgO,S;(edty]?~ act asu- and
bridging ligands coordinated to some relatively soft Lewis
acid ions, such as Cuor Ag*, resulting in a series of
heterobimetallic dodecanuclear MM'' (M' = Cu, Ag)
cagelike clusters in which the oxo ligand on the Mo site
retains terminal coordination. In addition, the terminal oxo
ligand of these cage clusters further binds to alkali metal
cations in the presence of dibenzo-18-crown-6, forming
double-cage large clustefsThese observations led to our
investigating the reaction of oxophilic transition metal cations
[such as MA", Fet, Ca?t, and N#] with [MoVY,0,Sx(edty]>
to understand whether the oxo ligand on [M®¢S,(edty]?~
binds to these cations. As a relatively hard Lewis acid>Mn
prefers to be coordinated by oxygen and nitrogen donors
rather than sulfur donors. Therefore, we selectedVas
the first candidate in our approach.

Results and Discussion

Synthetic Strategies [NEt4];[MoV,0,S,(edty] was syn-
thesized as described previoudty Although this complex
has been used in the preparation of'Whd"' (M’ = Cu, Ag)
cagelike clusters befotéthe mechanism of [NEg[M0,0,S,-
(edt)] synthesis has not been discussed. Gasegi$s isl
bubbled into an aqueous solution of N&O, to form
[MoV'0,S;)?". Subsequently, M8 is reduced to MY in the
presence of N&S,04 and 1,2-ethanedithiol (Scheme 1).
Whether this is a one-electron reduction ({le> MoV), or
a two-electron reduction (Mb — Mo") followed by a
conproportionation (M4 + MoV — 2 MaV), as proposed
for the induced internal electron transfer in the system
[M0S4)?7R:S, — [{SM0Y(S:)}2]%7,2% is unclear. Both
Nay[S,0O4] and 1,2-ethanedithiol can be reductants. However,
it seems likely that N4S,04] is the dominant reductant since,
if Nay[S,04] is not added to the reaction mixture, the yield
of [NEts][M0,0,S;(edt)] is low (less than 10%). [NE}.-
[M0,0,S,(edt)] appears as the product in Scheme 1 and as
reactant in the synthetic Scheme 2.

Many kinetic studies on Mhcomplexes have established
the rapid substitution lability of Mhcomplexes? It seems
reasonable to propose that in solution 'Mwill bind to
[M020,S,(edty]?”, producing cluster units of [(Mnj})-
{M020,S;(edth} " (L = solvent ligandy =5,x=1,n=

(14) (a)Lin, P.; Wu, X.-T.; Zhang, W.-J.; Guo, J.; Sheng, T.-L.; Wang,
Q.-M.; Lu, J.-X.Chem. Commurl997, 1349. (b) Lin, P.; Wu, X.-T;
Huang, Q.; Wang, Q.-M.; Sheng, T.-L.; Zhang, W.-J.; Guo, J.; Lu,
J.-X. Inorg. Chem1998 37, 5672. (c) Lin, P.; Wu, X.-T.; Chen, L.;
Wu, L.-M.; Du, W.-X. Polyhedron200Q 19, 2189.
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Scheme 2. Synthesis compounds—6
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0;y =4,x=2,n= 2). Since only the oxo groups in
[Mo0,0,S,(edty]?>" are terminal ligands, the Mnwill coor-
dinate only through the oxo ligands while the thiol and
sulfide ligands remain unperturbed. For the putative
[(MnL y){Mo,0.S,(edt)},|" (L = solvent) species, single
crystals suitable for Xray characterization are difficult to
obtain due to the lability of the solvent ligands and high
solubility of salts of [(Mnl){Mo0,0,S,(edtp},"". Since
[M0,0,S,(edty]? is inert to substitution, it is anticipated
that multidentate ligands added to the reaction mixture will
bind to the Ml because of the dynamic and labile coordina-
tion chemistry of this ion. Using this derivatization approach,
it was possible to crystallize coordination polymers or

(TDP)(CH30H)(NCMe),]-3CH;0OH-0.25MeCN (). How-
ever, when the reaction is carried out in methanol at room
temperature, orange prismatic crystals of [Mn(T&R)O),]?"-
[MNn{Mo0,0,S,(edt}} »(TDP),]2 -6CH:;OH (2) are obtained,
while the same reaction, carried out in hot methanol, results
in yellow octahedral crystals of [MiM0,0,S,(edt)} (TDP)-
(CH3OH)(Hx0)]-CH3OH (3), which adopts a different struc-
tural configuration than that oR. The subtly different
structures obtained in these reactions are discernible only
by X-ray crystallography. In the following sections, we will
initially present the structures of compounds-6 and
subsequently discuss the conversions ambrigy and 3.

Some General Structural Considerations.There are

discrete heterometallic cluster compounds containing the some general features of [M©,S;(ed),]?>~ which it is

[Mn{Mo0,0,S;(edty}]> > fragment.
The synthesis of compounds-6 was carried out under

anticipated would control the structure of coordination
polymers. These features are worth outlining before we

mild conditions, as indicated in Scheme 2. The solid-state discuss the structures of the compounds containing

structures of compound4—3 are cluster coordination
polymers, while compounds-6 adopt discrete multinuclear
cluster structures. Interestingly, the reaction of Mngy©
6H,0 with [NEL],[M0,0,S;(edt)], at room temperature, in
the presence of 2 molar equivalents of'4rfmethylene-
dipyridine (TDP) in methanol/acetonitrile mixed solvent
yields orange cuboid crystals of [MiiV0,0.,S,(edt)} -

4286 Inorganic Chemistry, Vol. 45, No. 10, 2006

[Mn{M0,0,S,(ed{,} > ?* fragments.

It is known that bulky ligands [such as 1,3,5-tris(di-
phenylphosphanyl)benzene] can prevent polymeric frame-
works forming interpenetrating and compact stacking within
crystals!’ This is because, to interpenetrate, the size of the
vertex or diameter of the polymer strand must be less than
the size of the cavity. Thus, the reaction of 1,3,5-tris(diphenyl-



Assembly of Heterometallic Clusters and Coordination Polymers

Figure 1. (a) Structure of [MiM0,0,S;(edty} (NCMe)(MeOH)] in1 and the bridging TDP ligands (30% displacement ellipsoids). The dotted line indicates

an intramolecular hydrogen bond. Hydrogen atoms of TDP and edt ligands are omitted. For the sake of clarity, only the Mn centers of symmetry-related
cluster units are shown. (b) The two types of square grids Hydrogen atoms on carbon atoms are omitted. (c) A sheet of the extended two-dimensional
network of 1 viewed down the crystallographicaxis. Hydrogen atoms are omitted. (d) The side view of one sheet of the two-dimensional netvork of

The view is down the crystallographi&caxis and includes the same atoms as shown in (c).

phosphanyl)benzene with Ag§SCF;) (OsSCF; = trifluoro- (edt)2]2- would also be too bulky to allow interpenetrat-
methanesulfonate) produces a network polymenr{A¢,5- ing polymeric frameworks and would hence give rise to
tris(diphenylphosphanyl)benzenéO;SCFR)4].1” However, cavities.

this is a non—[nterpenetratlng network because of the Steric 17y xu, x.-L.; Nieuwenhuyzen, M.: James, S.Angew. Chem., Int. Ed.
bulk of the ligand. It seems reasonable that pRsS,- 2002 41, 764.

Inorganic Chemistry, Vol. 45, No. 10, 2006 4287
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The two terminal oxo groups in [M®,S;(edty]?>" are syn Table 1. Selected Bond Distances (&) and Angles (deg) for
to one another. Thus, polymeric networks comprising oxo- [Mn{Moz0:Sy(edtk} (TDP) {MeOH)(NCMe)}1.5MeOHO.125MeCN
philic transition metal cations and [M0,S,(edty]?~ could

; e ; Mo(1)—Mo(2) 2.8665(7) Mo(1¥S(1) 2.4316(16)
contain nodes (2)_f thg transmoq metals at which two or more Mo(1)—S(2) 2.4217(15) Mo(B)S(3) 2.3363(14)
[M0,0,S;(edt)]? units could link. Mo(1)—S(4) 2.3488(14) Mo(HO(1) 1.720(3)

idi ; Mo(2)—S(3) 2.3365(14) Mo(2)S(4) 2.3368(14)

St_ructur_e of 1. The bundlng blpck ofl has an asymmetrlc Mo(2)—S(5) 24219(14) Mo(%S(6) 5 2205(15)
configuration, as shown in Figure la. It contains [Mn- yo2)-0(2) 1.728(3)  Mr-O(2) 2.192(3)
{M0,0,S,(edt)p} (MeOH)(NCMe)] units with three TDP  Mn—0(3) 2.201(4)  MA-N(1) 2.252(4)
| Mn—=N(2) 2.272(4)  Mr-N(3A) 2.257(4)

ligands bound to Mn. The Mn site has a distorted octahedra
geometry with one oxo ligand of [M@.,S,(edty] bound at - -

one axial site [Mr-O(2), 2.201(4) A] and one acetonitrile g(oz()z_)Ma(_zg(l\g)n 122_'3&2()13) ﬁgzm_“gg 132_‘;882))
molecule bound trans to this oxo ligand via the nitrogen atom N(2)-Mn—N(4)  91.20(16)  N(3AYXMn—N(4) 95.00(16)

Mn—N(4) 2.286(4)  N(3yMn(B) 2.257(4)

[Mn—N(4), 2.286(4) A]. The equatorial sites are occupied Mn—0O(B)-C(27) 130.3(3) MA-N(4)-C(25) 167.6(4)

by one methanol [MarO(3), 2.201(4) A] and three nitrogen Hydrogen Bond Distances and Angles for

atoms [N(1), N(2), and N(3A)] from three TDP ligands. The D—H--A dD-H)  d(H--A)  d(D---A)  O(DHA)
TDP ligands necessarily form a meridional arrangement at OBF-HE)-0M)  0982)  1.78(2) 2.752(5) 17309

the Mn center. The O(2) atom bridges the [MaS,(edt)y]?~ * Symmetry operations for equivalent atoms: §,1/2 - x, 2); B, (1/2
subunit and the Mn atom, forming an M®—Mn bridge T X2 C (2= % 32, 2).

(Mo—O—Mn angle =165.1(2]). The angles O(2)Mn— [M020,S,(edt)] subunits are regularly oriented toward the

N() an.d Mr=N(4)—C(25) are 169.73(18)and 167.6(4), center of the large grid, resulting in an incomplete open
respectively. cavity.

The [Mo,0;S,(edt}]* subunit comprises two Macenters Figure 1c shows a single sheet of the extended two-
bridged by two sulfur atoms and chelated by wo 1.2- gimensjonal structure it In the sheet, each large grid shares
ethanedithiolate ligands, with an Md/o bond distance of  gqges with four outer small grids and four outer large grids
2.8665(7) A, comparable to those in [NFMoSy(edt)] in such a way that each small grid is surrounded by four
(Mo—Mo = 2.863 A} and [NBu]o[M020,S(S;C2(CN).):] large grids and shares four-half-edges from the four large
(Mo—Mo = 2.821 A).-lg Each Mo center has square-based grigs, within the sheet, all Mn atoms are exactly coplanar,
pyramidal coordination geometry with one oxygen atom yyith all of the bonded MeCN ligands located on the same
occupying the apical position. The four sulfur atoms in the sjge of, and perpendicular to, the plane of the Mn centers.
basal plane are essentially coplanar. Each Mo is displacedp| [Mo ,0,S;(edt)] subunits are located on the opposite side
from the basal plane toward the axial oxygen ligand, the of the plane to that of the MeCN ligands (Figure 1d).
deviation being 0.69 A for Mo(1) and 0.70 A for Mo(2). The X-ray crystal structure reveals tHahas an unusual
The Mo-O bond distances [1.720(3) and 1.728(3) A] are gouble-sheet architecture. A schematic view of one double-
slightly longer than those in [NB{s[M020,S:(S,Cx(CN))2] sheet structure df is shown in Figure 2a. The double-sheet
(1.661 and 1.666 A)? structure comprises two symmetry-related two-dimensional

In 1, an intramolecular ©-H—0O hydrogen bond exists  sheets. The double-sheet network is non-interpenetrating, and
between the terminal oxygen atom [O(1)] and the coordinated the square grids from the two sheets stack on top of each
methanol molecule. This hydrogen-bonding interaction may other in a staggered arrangement. It is important to appreciate
afford additional stability and rigidity for the [MiM0,0,S,- that there are no covalent interactions between the two sheets.
(edtp} (MeOH)(NCMe)] unit. Selected bond distances and Interestingly, the two sheets are stacked very closely, so that
angles, including the hydrogen bonding parametersifor the two planes defined by the Mn atoms from each of the
are listed in Table 1. sheets have a perpendicular separation of 0.85 A, and the

Each TDP ligand inl connects two Mn atoms, giving a  Small grids are positioned in the incomplete open cavities
two-dimensional network comprising two kinds of grid units. Of the larger grids of the adjacent sheet. Figure 2b shows
As shown in Figure 1b, the small grid unit consists of four the partial structure of this double-sheet architecture (here-
[Mn{ Mo0,0,S;(edtp} (CH:OH)(NCMe)] cluster units linked ~ after referred to as unit), which contains a large square
by four TDP bridges, the Mn-Mn separation being 12.4 A~ grid unit of [Mn{Mo,0,S,(edtp} (TDP)(MeOH)(NCMe)}
and the inner cavity dimensions ca. 10.4 A 10.4 A (unit B) and one small square grid unit of [NIM0,0.S,-
(measured as the distances between the two closest carboffdtk} (TDP)(MeOH)(NCMe)} (unit A) from the next sheet.
atoms opposite the TDP bridges). The large grid unit consists AS shown in Figure 2¢, uniC can be viewed as an
of eight [Mn{ M0,0,Sy(edt)} (CHsOH)(NCMe)] cluster units gssemb]y whu;h comprises umtlnco.mpletely intercalated
connected by eight TDP bridges; every edge of this grid into ur_ut_ B _(Ilke a plug _msertec_i |nt0_ its socket). The
contains two linear TDP bridges, of which one is shared by acetonitrile ligands associated with uritare completely

the small grid as its edge. For each large grid unit, the four €mbedded in the cavity of uniB. Such a structure is
unprecedented in coordination polymer systems.

(18) Bunzey, G.. Enemark, J. Hhorg. Chem 1978 17, 682. Although there are no covalent interactions between
(19) Gelder, J. I.; Enemark, J. thorg. Chem.1976 15, 1839. adjacent sheets i, there are a significant number of van
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Figure 2. (a) Schematic view of the non-interconnected double-sheet structuteTihe view is along the crystallographicaxis. Every blue circle
represents a [MfMo020,S,(edty} (MeOH)(NCMe)] cluster unit. The black and green lines represent the TDP bridges from two adjacent sheets. (b) The
structure of theC unit in 1 which consists of a large square grid unit of [Mio,0.S,(edty} (TDP)(MeOH)(NCMe)} (unit B, the bonds are shown in black)

and one small square grid unit of [NIM020,S,(edty} (TDP)(MeOH)(NCMe)} (unit A, the bonds are shown in green) from the adjacent sheet. The view

is along the crystallographic axis. Hydrogen atoms are omitted for clarity. (c) View of feunit (including the same atoms as shown in (b)) down the
crystallographid axis, showing how the unitsA(andB) are used to construct un@.

der Waals interactions present between adjacent sheets itonnect adjacent sheets to form a bilayer struciie?!
the double-sheet architecture. These areSvan der Waals ~ Therefore, the polymeric backbone bfepresents a novel
interactions involving both the carbon atoms of MeCN two-dimensional framework for coordination polymer sys-
ligands and the sulfur atoms of the edt ligands (distancestems.

range from 3.4 to 3.7 A). Presumably, these weak inter- \we anticipate that the grid units ib can be slightly
molecular interactions contribute to the stabilization of the gjstorted because (i) the TDP molecule has a long and

double-sheet structure. flexible —(CH,)s— tether group linking its two pyridine
. Blllayer motfn‘s SUChd"?‘S the doulble-she(ét S‘tr“Ct;*{::;:‘”‘f)bservecjgroups and (ii) there are no direct connections between
or 1 are rare for coordination polymers. Compo ers adjacent sheets. Such versatility in cavity size could lead to

from the reported examples of bilayer structtt®®:2!In

y=r X the double-sheet layer expanding and changing its internal
the compounds reported so far, bridging covalent linkers

cavity and raises the possibility of introducing small guest

(20) Hennigar, T. L.; MacQuarrie, D. C.; Losier, P.; Roger, R. D.;
Zaworotko, M. J.Angew. Chem., Int. Ed. Engl997, 36, 972. (b) (21) (a) Fu, Z.-Y.; Wu, X.-T.; Dai, J.-C.; Wu, L.-M.; Cui, C.-P.; Hu, S.-

Power, K. N.; Hennigar, T. L.; Zaworotko, M. Blew. J. Cheml99§ M. Chem. Commur2001, 1856. (b) Hill, R. J.; Long, D.-L.; Turvey,
177. (c) Carluci, L.; Ciani, G.; Proserpio, D. M.; Sironi, Angew. M.-S.; Blake, A. J. Champness, N. R., Hubbersty, P.; Wilson, C.;
Chem., Int. Ed. Engl1995 34, 1895. Schraler, M. Chem. Commur2004 1792.
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Mn(1)

Figure 3. (a) Structure of the [MfiM0,0,S;(edt)} ;]2~ fragment of the anionic polymer idtogether with the associated TDP ligands (30% displacement
ellipsoids). Hydrogen atoms on carbons are omitted. Only the non-hydrogen atoms of one TDP bridging ligand are shown for clarity. (b) View atthe anion
one-dimensional polymer of Mn(M020,S;(edty)(TDP)}2 ], in 2 with hydrogen atoms omitted. (c) View of the cationic one-dimensional polymer of
[{Mn(H20)x(TDP)} 21, in 2, showing the coordination mode for the Mn center and bridging TDP ligand. Hydrogen atoms are omitted. (d) Packing view
of 2, looking edge-on down the crystallograpliexis. This view shows two cationic chains (atoms and bonds represented by white circles and double line)
within the same layer (halfway along tleeaxis and parallel to thab plane) and two anionic chains (atoms and bonds are represented by black circles and
thick lines) within a layer below the cationic chains. (e) A view showingHD--S hydrogen bonding (dashed line) occurring between one cationic and one
anionic chain. Hydrogen atoms on carbon atoms are omitted. (f) A schematic view of the stru@usbafing the alternating arrangement of cationic and
anionic one-dimensional polymers and the slippeeH®--S hydrogen-bond connectivity (broken lines). The [Mto,0,S;(edty} ]2~ units are represented

by black spheres, which are connected by black rods, corresponding to the anionic one-dimensional polymer. Ts@){[¥ih(khits is represented by

white spheres, which are connected by white rods, corresponding to the cationic one-dimensional polymer.

molecules between layers, which has potential importanceand the anionic one-dimensional cluster coordination polymer

in supramolecular materiafs. [{ Mn(M0,0,S,(edt))(TDP)} 2 ],.

Structure of 2. Compound2 contains both the cationic The structure of the basic unit of the anionic polymer is
shown in Figure 3a. The six-coordinate Mifies on a

one-dimensional coordination polyméMn(TDP),(H,O)}2"]n
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Table 2. Selected Bond Distances (A) and Angles (deg) for
[{Mn(TDP)(H20)2} 2*{ Mn(M0,0,S,(edt))(TDP)} 2 ]-6MeOH )2

Mo—S 2.3322(8)-2.4458(9) Mo(1)-Mo(2) 2.8483(4)
Mo(1)—0(1) 1.686(2) Mo(2)-0(2) 1.730(2)
Mn(1)—N(1) 2.241(3) Mn(1yN(1A) 2.241(3)
Mn(1)—N(2C) 2.304(2) Mn(1)yN(2B) 2.304(2)
Mn(1)—0(2) 2.269(2) N(2yMn(1D) 2.304(2)
Mn(2)—N(3) 2.309(4) Mn(2>N(3E) 2.309(4)
Mn(2)—N(4F) 2.21(4)  Mn(2)y-N(4G) 2.21(4)
Mn(2)—0((3) 2.178(3)

Mo(2)—0(2)-Mn(1)  171.06(12) N(ZyMn(1)—N(2B) 87.61(9)
N(1)—Mn(1)-N(2C)  92.39(9)  O(2rMn(1)—N(1) 92.88(9)
N(3)—Mn(2)—N(4F)  84.9(8) N(3)Mn(2)—N(4G) 95.1(4)
N(3)—Mn(2)—0(3) 91.00(13)

Hydrogen Bond Distances and Angles
D—H-+-A dD-H)  d(H-+A) d(D--A) O(DHA)
O(38)—H(3c)*-S(2)  0.901(18) 2.28(2) 3.173(3) 171(4)

a Symmetry operations for equivalent atoms: AHX, 2 —vy, —2); B,
(=%3-y,-2;C,(1+x -1+y,2;D,(-1+x1+Vy,2;E (1-x
1-y,1-2;F,%1+y,2;G (1—%x -y, 1—2.

crystallographic inversion center and is ligated by four
equatorial nitrogen atoms from four TDP ligands and two
symmetry-related [MgD,S,(edty]?>~ subunits axially bound
via two oxo ligands, one from each [M©D,S)(edt)]?”
[MNn(1)—0(2) = Mn(1)—0(2A), 2.269(2) A; Mo(2)-0(2)—
Mn(1), 171.06(12)], giving a long Mo-O—Mn—0O—Mo
bridge in a nearly linear arrangement. The remaining oxo
ligand of each [M@O,S;(edt)] subunit does not interact with

in Table 2. Apart from the ©H---S hydrogen bonding, no
specific interactions between the polymer chains are present.
It is worth noting that each water ligand has onel®bond

not involved in hydrogen bonding. Presumably, the terminal
oxo ligand of the [M§Mo0.0,S,(edty},] fragment of the
anionic polymer is too sterically hindered to be involved in
hydrogen bonding. Figure 3f is a schematic view of the solid-
state structure of2, showing the interchain ©H-:-S
hydrogen bonds connecting adjacent layers. The layers stack
in an ABAB-type arrangement along the crystallographic
axis. Since the cationic chain is tilted with respect to the
anionic chain, each cationic chain is only singly hydrogen
bonded to each anionic chain.

Only one other compound, [WSw(4,4-bipy)4[WS4-
Cul4(4,4-bipy).],?? has been reported which contains both
cationic and anionic coordination polymers. However, in this
compound, the cationic and anionic coordination polymers
interpenetrate, forming an intricate three-dimensional archi-
tecture.

Structure of 3. The structure o8 is shown in Figure 4a.
This is an [MA{ Mo,0,S,(edtp} (MeOH)(OH,)] fragment
ligated by TDP ligands, in which the local coordination
geometry around the Mnis slightly distorted octahedral,
being equatorially coordinated by one methanol molecule
[Mn—0(4), 2.203(5) A], one water molecule [MO(3),
2.166(4) A], and two nitrogen atoms [N(4), N(3A)] from

Mn. Selected bond distances and angles are listed in Tabletwo TDP molecules. The methanol and the water molecules
2. The Mn centers in the anionic polymer are linked by two are cis to one another. The axial positions of Mn are occupied
TDP ligands to form a one-dimensional chain decorated by by one nitrogen atom from a TDP molecule and one oxo

[M020,S,(edt)] subunits on both sides of the chain (Figure
3b). The closest Mn-Mn intrachain distance is 12.7 A. For
each [M{ Mo0,0,S;(edt)} o] fragment, the four Mo and one
Mn atoms are exactly coplanar.

For the cationic 1-dimensional polymef{NIn(TDP),-
(H20)2}2]nin 2 (Figure 3c), the Mh sites are six-coordinate
with two terminal water molecules in trans positions
[Mn(2)—0(3) 2.178(3) A] and four pyridyl groups in the
equatorial sites. The TDP ligands link adjacent Mn atoms
in a double-stranded bridge fashion, which results in a
cationic one-dimensional infinite structure containing alter-
nate Mn(TDP), rings, producing a small cavity. The internal
N—Mn—N angle of the ring [N(3)}Mn(2)—N(4G)] is 95.F,
which is larger than the corresponding internatMn—N
angle in the anionic chain [87.61(9) Consequently, the
closest Mn:-Mn intrachain distance in the cationic polymer
is 12.10 A. This is somewhat shorter than that in the anionic
chain (12.73 A).

As shown in Figure 3d, the anionic chains dfextend
along the crystallographic [D] direction, forming an anionic
layer which is parallel to the crystallograptab plane. The
cationic chains extend along tieaxis, forming a cationic
layer adjacent to the anionic layer. The dihedral angle
between the cationic and anionic chains i§.5Bhere is no
interpenetration in the packing of the anionic and cationic

ligand from the [M@O,S,(edt)] subunit, forming an Me-
O—Mn bridge with an angle of 153.0(2)which is signifi-
cantly smaller than the corresponding MO—Mn angle in
compoundd [165.1(2)] and2 [171.06(12j]. Selected bond
distances and angles are listed in Table 3.

There is an intramolecular -©H—O hydrogen bond
between the terminal oxygen atom [O(1)] and the coordinated
water molecule [O(%)-O(3), O(1)--H(3d), O(1}--H(3)—
O(3): 2.806(5) A, 1.93(3) A, 170(8). A similar hydrogen
bond is present inl). The three TDP ligands in3] are
arranged in dac arrangement at Mn with the NMn—N
angles ranging from 88.69(16X0 100.78(16). This is
different from 1, where the three TDP ligands formnaer
arrangement. The two equatorially bonded TDP ligands in
3 bridge two Mn centers from adjacent [f0,0,S;(edty} -
(MeOH)(OH,)] fragments, resulting in an undulating one-
dimensional coordination polymer running along the crys-
tallographichb axis (Figure 4b). In contrast, the axially bonded
TDP ligand is only a monodentate ligand, with its remaining
nitrogen donor [N(2)] uncoordinated. Within the coordination
polymer, all Mn atoms lie exactly coplanar, parallel to the
crystallographicab plane, the monodentate TDP ligands
being tilted toward this plane and projecting outward in two
orientations.

In the crystal structure 08, strong interchain N-H—0O

polymeric chains. Weak intermolecular hydrogen bonds hydrogen bonds occur between the coordinated water ligand
occur between one sulfur atom of the edt ligand in the anionic
chain and the water molecule of the cationic chain, as shown
in Figure 3e; the hydrogen-bonding parameters are presented

(22) Liang, K.; Zheng, H.-G.; Song, Y.-L.; Lappert, M. F.; Li, Y.-Z.; Xin,
X.-Q.; Huang, Z.-X.; Chen, J.-T.; Lu, S.-Angew. Chem., Int. Ed.
2004 43, 5776.
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Figure 4. (a) Structure of the [MfiM0,0,S,(edth} (OH)(MeOH)] unit in 3, together with the associated TDP ligands (30% displacement ellipsoids). The
dotted line indicates an intramolecular hydrogen bond. Hydrogen atoms of TDP and edt ligands are omitted. (b) Structure of the one-dimenatoral undul
chain of3. Hydrogen atoms on the carbon atoms are omitted for clarity.

Table 3. Selected Bond Distances (&) and Angles (deg) for ecules from two adjacent polymeric chains. Within this two-
[Mn{Mo;0,Sy(edtp} (TDP)(MeOH)(H,0)]-MeOH @)* dimensional framework, adjacent polymeric chains align in
Mo—S 2.3142(14)2.4113(14)  Mo(1)}-Mo(2) 2.8447(6) a staggered fashion and the rings alternately link adjacent
m(—lr)\l_(g(l) %ngg)) mrﬁﬁ(g(z) ;:Zggg; polymeric ghains a]ong thé direction. Qng layer 03,
Mn—N(3A) 2.228(4) Mnr-0(2) 2.192(4) formed by interchain hydrogen bonds linking one-dimen-
Mn—0(3) 2.166(4)  Mr-O(4) 2.203(5) sional cluster coordination polymers, is shown edge-on in
N(3)-Mn(B) 2.228(4)

Figure 5b. There are no major interactions between adjacent

Mo(2)-O(2-Mn  153.0(2) O(2rMn—N(1)  168.18(16) ; ;
O(2)-Mn-0(3) 85.54(14) O(2}Mn—0() 87.1(2) layers. Fpr each Mn, one d|sorde_red methanol molecule is
Mn—0(4)-C(31)  128.2(4) N(1}Mn—N(4) 98.33(17) present in the crystal structure; this methanol does not form
N(1)-Mn—N(3A) ~ 100.78(16)  N(3AjMn—N(4)  88.69(16) significant interactions with other molecules.
O(3)-Mn—0(4) 95.32(16) . ) .
Structure of 4. To investigate the influence of the length

o hA Hydrogendl?grldH?istag(ﬁiaAr)ld Aré%l';?_%f OHA) of the organic linker on the structure of the material formed,
O(3)-H@Edy~O(1)  089(2) 1933)  2.806(5 170(8) the reaction between Mn(Nf2-6H,0 and [MaO,Sy(edth]*~
O(3)-H(3cy+N(2C) 0.89(2)  1.82(3) 2.693(6)  165(6) was performed with 4,4ipyridine (4,4-bipy) present rather

a Symmetry operations for equivalent atoms: A, (¥X, 1/2+y, 1/2 tha.n TDP. The reaction at room ter.nperatu're produted
- 2B, (12— x, -12+y, 12— 2;C, (1—x —y,1—2); D, (1/2 - which X-ray crystallography shows is the discrete hetero-
x 12+y, 12— 2) metallic cluster [M§Mo,O,S,(edt)} (4,4-bpy)(CHOH)4],

and the uncoordinated N(pyridyl) atom from adjacent chains having half a molecule of uncoordinated ‘4ppy per dimer

in 3 (Figure 5a); details of the hydrogen bonding are given (Figure 6a). Mn is six-coordinate with three equatorial
in Table 3. These interchain hydrogen bonds link adjacent methanol ligands and one nitrogen atom [N(1)] from a
one-dimensional coordination polymers, producing a two- monodentate 4;4py ligand. The fourth methanol ligand is
dimensional network which contains elliptical rings supported bound to an axial site and the remaining axial position is
by hydrogen bonds. Each ring comprises two Mn atoms, two occupied by one oxygen atom of an [M®S,(edt)] unit,
bonded water molecules, and two monodentate TDP mol-forming an Mo-O—Mn bridge with an angle of 158.8(3)
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Figure 5. (a) Figure showing the two-dimensional sheet networg, iwith the intermolecular hydrogen bonds between adjacent polymeric chains indicated
as dashed lines. Hydrogen atoms on the carbon atoms are omitted for clarity. (b) A single layer of the hydrogen-bonded two-dimensional 8ietwork in
viewed edge-on down the crystallographi@xis. The view includes the same atoms as shown in (a).

The two pyridine rings of the mono-coordinated "4y hydrogen-bonded to one equatorial methanol ligand of the
ligand are twisted by 38°1with respect to each other. cluster unit via one nitrogen atom. In additiom;--x
Selected bond distances and angles are given in Table 4. interactions (center to center, ca. 3.6 A) occur between one

Within [M0,0,S,(edt)] in 4, the terminal oxo ligand not  pyridine ring [containing N(3)] of the uncoordinated 4,4
bonded to Mn forms an intramolecular hydrogen bond to an bpy and one pyridine ring [containing N(1)] of the coordi-
equatorial methanol ligand [O(2)0(4), 2.699(7) A; nated 4,4bpy ligand. The remaining pyridine rings from
O(2)--H(4)—0O(4), 167(9}]; a similar interaction is observed  the two 4,4-bpy molecules are separated (center to center)
in 1 and3. by about 4.6 A, which is beyond the range 338 A)

The pyridine rings of the centrosymmetric uncoordinated normally associated witht---7r interactiong® Figure 6b
4,4-bpy molecule are exactly coplanar, and this ligand is shows how each cluster unit interacts with adjacent sym-
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Figure 6. (a) Molecular structure of [MfM02,0,S,(edt)} (4,4 -bpy)(CHOH)4] 4 showing the uncoordinated 4-@ipyridine (30% displacement ellipsoids).
Hydrogen atoms (except for the methanol ligands) are omitted for clarity. (b) A view showing the hydrogen-bonded connectivity between adgcent clus
units and the uncoordinated 4ipyridine. Hydrogen atoms on the carbon atoms are omitted. For the sake of clarity, symmetry-related cluster units linked
by O—H---S hydrogen bonds are not shown. (c) View of the symmetry-related cluster units linkee-Hy-@& hydrogen bonds id.

metry-related cluster units and the uncoordinated-dpy atom [N(2)] of each monodentate 4fpy ligand also
molecule through intermolecular-€H---N hydrogen-bond participates in intermolecular hydrogen bonding. Further-
interactions. more, there are intermolecular-®---S hydrogen bonds

In addition to the intermolecular hydrogen-bonding of the
uncoordinated 4,4py molecule, the uncoordinated nitrogen (23) Janiak, C. 3J. Chem. Soc., Dalton Trang00Q 3885.
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Table 4. Selected Bond Distances (A) and Angles (deg) for
[Mn{Mo20;S,(edt)} (4,4-bpy)(CHOH)4]-0.5(4,4-bpy) @)

Mo—S 2.3211(19)2.4433(19)  Mo(1)yMo(2) 2.8554(9)
Mo(1)—0(1) 1.715(5)  Mo(2}-0(2) 1.703(5)
Mn—0(1) 2.172(5) Mr-O(3) 2.172(5)
Mn—0(4) 2.158(5) Mnr-O(5) 2.131(5)
Mn—0(6) 2.203(5) Mnr-N(1) 2.202(6)
Mo(1)-O(1)-Mn  158.8(3) O(1yXMn—0(6)  177.25(19)
O(1)~Mn—N(1) 94.6(2) Mn-O(3)-C(20)  119.8(5)

Mn—0(4)—C(21) 131.8(4) MA-O(5)-C(22) 136.3(5)
Mn—0O(6)—C(23) 125.8(5)
Hydrogen Bond Distances and Angles fbor
D—H:--A d(D—H) d(H---A) d(D---A)  O(DHA)
O(3)—H(3):**N(3) 0.89(2) 1.87(2) 2.755(9) 170(6)
O(4)—H(4)---0(2) 0.88(2) 1.83(2) 2.699(7) 167(9)
O(5)—-H(5)-*N(2B)  0.88(2) 1.74(3) 2.617(9) 170(7)
O(6)—H(6)--S(1C)  0.88(2) 2.27(3) 3.131(5) 167(6)
a Symmetry operations for equivalent atoms: A«X, 1 —vy, —2); B,

B2—x1-y,12+2;C,(1—x —12+y,12—-2;D, (32— x1—
y, =12+ 2, E, (1—x 12+y, 1/12— 2).

between one sulfur of the edt ligand and a methanol ligand
of an adjacent cluster. The «M---S hydrogen bonding  Figure 7. Molecular structure of [MiMo,0.Sx(edtk} (2,2-bpy)] 5 (30%
between adjacent clusters is shown in Figure 6¢c. Only the displacement ellipsoids). The uncoordinated methanol molecules are not
axially coordinated methanol is a hydrogen bond donor in SPOWn-

the O-H--S bonds. These ©H:*S hydrogen bonds  Table 5. Selected Bond Distances (A) and Angles (deg) for

produce a one-dimensional arrangement along the crystal{Mn{Mox0;S;(edt)} (2,2-bpy)]-2MeOH ()

lographicb axis. Details of the hydrogen bonds are givenin  mo—s 2.3187(1132.436(9)  Mo(1y-Mo(2) 2.8246(5)
Table 4. In4, four different types of hydrogen bonds are Mo(1)-0(1) 1.750(2) Mo(2)-0(2) 1.747(3)
observed [G-H---S(edt), G-H---N(monodentate bpy), m:mgg %gggg; m:m% g:ggggig
O—H---N(free bpy) and G-H---O(terminal)]; all methanol Mn—0(1) 2.235(3) Mr-O(2) 2.246(3)
ligands are hydrogen-bond donors, and all uncoordinated y(1)-mn—N(2) 73.16(13) N(3)}Mn—N(4) 74.01(13)
nitrogen atoms and one thiolate sulfur of an edt ligand act O(1)-Mn—-0(2) 95.23(11) N(1>XMn—N(4) 166.25(13)

} Mo(1)—O(1)—Mn 124.33(16) Mo(2)>O(2)-Mn 124.20(17)
as hydrogen bond.acceptors. o Mo(2)~Mo(1)-O(1)  97.86(10) Mo(1}Mo(2)—0(2) 98.02(11)

It is well established that 4:bipy usually acts as a  Mo(1)-S(3-Mo(2)  74.31(3) Mo(1}S(@)-Mo(2)  74.52(3)
bridging ligand to bind two metal centers, producing
coordination polymers. In contrast, 4gipy as a monoden-  polymeric chains, forming hydrogen-bonded two-dimensional
tate ligand is rare. To our knowledge, only two examples of supramolecular networks.

complexes containing monodentate '4ipy ligands have Some M —4,4-bipy-based polymers have been repdited
been reported: the binuclear [Ly(4,4-bipy),] (HoL = 1,1- in which 4,4-bipy usually acts as a bridging ligand between
(1,3-phenylene)-bis-4,4-dimethylpentane-1,3-digra)d the o Mn! centers. In contrast does not contain a bridging
mononuclear [Cu(dien)(4;4ipy)(Hz0)](CIO,). (dien= di- 4,4-bipy ligand. Despite various attempts, we could not
ethylenetriamine}? produce complexes in which 4;8ipy bridged two metal

It has been reported previously that uncoordinated- 4,4 centers in our system. Thus, heating the reaction solution
bipy molecules participate in the construction of supra- containing4 gave no new product. It seems likely that the
molecular architectures through hydrogen-bond interactions combination of the bulky [MfiM0,0,S,(edty}] and the rigid
with the solvent Iigaqu bound to metql sites in polymeric 4,4-bipy, together with the absence of any flexible and long
frameworks’® Thus, in [Zn(HO).(4,4-bipy)][NOg]>*4,4- tether group to link the two pyridine rings, means that two
bipy, [Zn(Hz0)4(4,4-bipy)][NOs]-2(4,4-bipy)-3H;0, [Zn- [Mn{Mo,0,S,(edty}] fragments prevent two Mn centers
(H20)a(4,4-bipy)][OsSCR]2+2(4,4-bipy), and [Fe(HO)s- being bridged by 4.4bipy.
(CIOx)(4,4-bipy)][CIO4]-1.5(4,4-bipy)-H70 * the uncoordi- Structure of 5. The molecular structure & is a discrete
ngted 4,4b|py mteracys with the water .I|gands of_the. ON€-  heterometallic trinuclear cluster with an asymmetric config-
dimensional [Zr-4,4-bipy], or [Fe=4,4-bipy], coordination , tion “as shown in Figure 7. Selected bond distances and

angles are given in Table 5. UnliKe-4, both oxo ligands

(24) Clegg, J. K.; Lindoy, L. F.; McMurtrie, J. C.; Schilter, D. Chem.

Soc., Dalton Trans2005 857. of [M0,0,S,(edty] are coordinated to Mn, forming an
(25) Julve, M.; Verdaguer, M.; Faus, J.; Tinti, F.; Moratal, J.; Monge, A.; T ]
Gutierez-Puebla, Elnorg. Chem.1987, 26, 3520. approximately planar [MirO—Mo—Mo—0] five-membered

(26) (a) Blake, A. J.; Hill, S. J.; Hubberstey, P.; Li, W.-5.Chem. Soc.,
Dalton Trans.1997 913. (b) Carlucci, L.; Ciani, G.; Proserpio, D.

M.; Sironi, A. J. Chem. Soc., Dalton Tran%997, 1801. (c) Li, M.- (27) (a) Hou, H.-W.; Wei, Y.-L.; Fan, Y.-T.; Du, C.-X.; Zhu, Y.; Song,
X.; Xie, G.-Y.; Gu, Y.-D.; Chen, J.; Zheng, P.-Bolyhedron1995 Y.-L.; Liu, Y.-Y.; Xin, X.-Q. Inorg. Chim. Acta2001, 319, 212. (b)

14, 1235. (d) Chen, X.-M.; Tong, M.-L.; Luo, Y.-J.; Chen, Z.-ANust. Shi, Z.; Zhang, L.-R..; Gao, S.; Yang, G.-Y.; Hua, J.; Gao, L.; Feng,
J. Chem.1996 49, 835. S.-H.Inorg. Chem.200Q 39, 1990.

Inorganic Chemistry, Vol. 45, No. 10, 2006 4295



Lin et al.

trans

gauche

trans

gauche

Figure 8. (a) View of the unit cell contents & down the crystallographia axis, showing the trans (top, first row) and gauche (top, second row) configurations
of the clusters located in alternate layers. The cations and hydrogen atoms have been omitted for clarity. (b) Structure of [Mn(15Mo@s85)
(edt)} 2]2~with the trans configuration i6 (30% displacement ellipsoids). Hydrogen atoms are omitted. (c) Structure of [Mn(15-créiio-£),S;(edt)} 2] -

with the gauche configuration i (30% displacement ellipsoids). Hydrogen atoms are omitted.

ring (largest deviation less than 0.06 A from the mean plane Mn and the twist angle between the two pyridine rings in
through the five atoms). The two MrO bond distances are  each 2,2bpy ligand is less than°4

2.235(3) and 2.246(3) A. The metahetal bond of Mo(1}- Structure of 6. The solid-state structure @ is unusual
Mo(2), at 2.8246(5) A, is slightly shorter than those in since it contains two crystallographically independent anions
compoundsl—4 [2.8447(6)-2.8665(7) A]. The Mr--Mo with the same chemical composition. Both anions are
separations for Mn-Mo(1) and Mn--Mo(2) are 3.531 and  [Mn(15-crown-5] [M0,O,Sx(edt)}5]?~, but they differ in the
3.537 A, respectively. These MnaMo separations are relative orientations of the two [M®,S,(edty] ligands
beyond the sum of van der Waals radii for Mn [1.70 A]and bound to Mn (trans and gauche configurations).

Mo [1.70 A], showing that there is no metametal bonding A view of the unit cell contents, viewed down the
between Mn and Mo centers. If the [MD,S;(edt)] subunit crystallographi@ axis, is illustrated in Figure 8a. There are
is viewed as a bidentate ligand (with oxygen donor atoms), alternating layers of stacked trans or gauche configurations
compoundb can be alternatively described as a complex in of the cluster anions. The layer stacking mode can be
which the MA' is chelated by two crystallographically described as an ABAB sequence along the crystallographic
independent 2;2bpy ligands and one [M®,S,(edt)]?" via c axis. In the projection shown in Figure 8a, the two structural
four nitrogen and two terminal oxo donors, forming a modes are difficult to discern. The differences can be
distorted octahedral geometry. The three chelate bite anglesobserved in the lateral views shown in Figure 8b and c.

at Mn are N(1)-Mn—N(2) = 73.16(13}, N(3)—Mn—N(4) For the complex with the trans configuration (Figure 8b),
= 74.01(13), and O(1)>Mn—0(2) = 95.23(11). As two [Mo0,0,S,(edt)y] subunits are bridged by one Mn
expected, each Z:Dpy ligand is essentially coplanar with  (accommodated within a 15-crown-5 macrocycle) via one
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Table 6. Selected Bond Distances (A) and Angles (deg) for
[EtaN]2IMNn{ M020,S,(edtp} 2(15-crown-5)] 6)

trans configuration

Mo—S 2.2993(18)2.4275(18) Mo(1>Mo(2) 2.8685(8)
Mo(3)—Mo(4) 2.8705(8) Mo(1)O(1) 1.724(5)
Mo(2)—0(2) 1.673(5) Mo(3}0(4) 1.698(5)
Mo(4)—0(3) 1.706(5) Mn(1}0O(1) 2.119(5)
Mn(1)—0O(3) 2.119(5) Mn(1)-0O(5) 2.363(6)
Mn(1)—0O(6) 2.294(6) Mn(1)}0O(7) 2.176(5)
Mn(1)—0(8) 2.212(5) Mn(130O(9) 2.246(5)
Mo(1)—O(1)-Mn(1) 166.4(3) O(1¥Mn(1)-0(3)  176.3(2)
Mo(4)—O(3)-Mn(1) 168.0(3) Mo(2Mo(1)—O(1) 104.78(15)
Mo(3)—Mo(4)—0(3) 105.48(16)

gauche configuration

Mo—S 2.3082(17)2.4347(18) Mo(5)-Mo(6) 2.8784(8)
Mo(7)—Mo(8) 2.8777(8) Mo(5)0(11) 1.693(5)
Mo(6)—0O(10) 1.716(5) Mo(7-0(12) 1.722(5)
Mo(8)—0(13) 1.695(5) Mn(2)0O(10) 2.133(5)
Mn(2)—0(12) 2.136(5) Mn(2)0(14) 2.238(5)
Mn(2)—O(15) 2.259(5) Mn(2rO(16) 2.197(5)
Mn(2)—0(17) 2.231(5) Mn(2}0(18) 2.246(5)

Mo(6)—O(10)-Mn(2) 157.5(3)
Mo(7)—0(12)-Mn(2) 155.8(3)
Mo(8)—Mo(7)—0(12) 105.08(16)

O(10yMn(2)-0(12) 173.6(2)
Mo(5)-Mo(6)—0(10) 105.62(15)

terminal oxygen atom of each [M0,S;(edt)] unit, forming

an MnMa-based cluster anion with a nearly centrosymmetric
configuration. The long MeO—Mn—O—Mo bridge is
essentially linear [Mo(rO(1)—Mn(1) = 166.4(3}, O(1)—
Mn(1)—0(3) = 176.3(2¥, and Mn(1)-O(3)—Mo(4) =
168.0(3}]. The dihedral angle between Mo(2Mo(1) and
Mo(4)—Mo(3) is 176.6. In the cluster with the trans
configuration, the 15-crown-5 ligand is approximately planar,
the largest deviation being only 0.32 A from the mean plane

based on the 15 non-hydrogen atoms of the macrocycle. The

Mn accommodated within the crown ether is exactly coplanar
with the mean plane of the 15-crown-5, and the five-Mn
O(crown ether) bond lengths are in the range 2.176(5)

2.363(6)A. Selected bond distances and angles are show

in Table 6.

The cluster with the gauche configuration (Figure 8c) has
a similar structure to that with the trans configuration.
However, in the gauche configuration the eMn---Mo,

backbone is more twisted, the internal dihedral angle between

Mo(5)—Mo(6) and Mo(7)-Mo(8) being 81.0. Thus, the two
forms of [Mn(15-crown-5)Mo,0,S;(edt)} ,]>~ can be viewed
as rotamers.

For the cluster with the trans configuration, the molecular
configuration is nearly centrosymmetric and, consequently,
the centroid of this cluster anion is close to the position of
the Mn atom. However, for the cluster with the gauche
configuration, the centroid of the anion must be different,
resulting in the gauche form being more polarizable than
the trans form.

group Pca2;). Thus,6 may have potential application for
nonlinear optical materiaf.It seems likely that in solution
various configurations of [Mn(15-crown{8Y10,0.Sx(edt)} 2]>~
occur, but on crystallization at room temperature only the
two forms identified crystallographically are observed.

Structural Interconversions.The structural conversions
of 2 into 3 and 2 into 1 have been investigated (see
Experimental Section). Compoundsand 3 have similar
compositions but are prepared under slightly different
conditions. To investigate the conversions2ahto 3 or 1,
we performed the following experiments. A pure sample of
2 was dissolved in hot methanol (ca. 30). The resulting
solution was allowed to crystallize, and the product was
shown (by X-ray crystallography) to b& Similarly, dis-
solution of2 in a methanol/MeCN mixture produced crystals
of 1.

A possible mechanism for the conversiondinto 3 is
described in Scheme 3. It is proposed that the polymeric
structures of both the cationic and anionic chaing iare
not maintained in solution, but rather form small molecular
aggregates or mononuclear fragments associated with metha-
nol ligands as fragmenté and D, respectively. In this
process, a nitrogen donor of each bridging TDP ligand
dissociates from one Mn center, producing vacant sites on
Mn which can then be occupied by methanol. At the same
time, ligand substitution can occur between fragméngnd
D. One water ligand dissociates from the fragmantand
the resulting vacant site on Mn becomes occupied by an
[M0,0,S;(edty]?~ unit, which has dissociated from fragment
D. The vacant site thus created on Mn in fragmBntan
now be attacked by a water molecule, forming fragnint
FragmentB can undergo geometrical isomerization to give
fragmentC. This geometrical isomerization is possibly driven
by the formation of intramolecular hydrogen bonds between

"the coordinated water and oxo ligands of [}MeS,(edt)]?,

which may afford additional stability and rigidity to fragment

C. On crystallization (polymerization step), the methanol
trans to the water ligand is replaced by a TDP ligand from
another fragmenC, resulting in the polymeri@.

The conversion of2 into 1 can be carried out in a
methanol/MeCN mixture at room temperature. The mecha-
nism for this conversion could be similar to that shown
in Scheme 3 for the conversion @finto 3 but must in-
volve more complex steps, such as the replacement of
acetonitrile ligands by water, and the dissociation of the TDP
molecule.

Thermogravimetric Investigations of 1 and 2.The effect
of temperature ol and2 has been studied using thermo-
gravimetric analysis combined with mass spectrometry (TG-

Because of the approximately planar structure of the crown MS). The technique allows the detection of any gaseous

ether ligand in the cluster with the gauche configuration, the
direction perpendicular to the plane of the macrocycle is
associated with little (if any) steric hindrance. Consequently,
it seems likely that the two [M@®,S,(edt)] fragments in
gauche[Mn(15-crown-5] Mo,O,S,(edty} -]>~ can rotate, caus-
ing the anion to change its molecular polarizability. Fur-
thermore§6 crystallizes in a non-centrosymmetric, polar space

products evolved during thermal treatment of a solid. For
we are concerned with the evolution of acetonitrile and
methanol ligands during heating because of the existence of
coordinated and uncoordinated acetonitrile and methanol.
The pertinent cleavage reactions observable in the mass

(28) Kanis, D. R.; Ratner, M. A.; Marks, T. Chem. Re. 1994 94, 195.
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Scheme 3. Proposed Pathway for the Conversion2oito 3
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spectrometer are shown in eqsd the loss of the uncoordinated solvent molecules (1.5QHH

+ 0.125MeCN) and one coordinated methanol ligand

CH,CN— CH, + CN (1) (theoretical calculated weight loss 8.95%). Subsequent
. weight loss occurs as a gradual process up to ca.°220

CH,OH— CH, + OH ) with about 4% additional weight loss, corresponding to the

CH,OH — CH,0 + H 3) loss of the coordinated acetonitrile ligand (theoretical

calculated weight loss= 4.3%). Finally, an obvious ad-
ditional weight loss of ca. 17% occurs between 220 and 300
°C. This final stage involves the decomposition of polymeric
framework with the complex pyrolytic-cracking of the TDP
and edt ligands at high temperature. Above 3@) the

The principal fragments that can be detected are@ive
= 31), CH; (m/e = 15), CN (/e = 26), and CHCN (m/e
= 41). The only source of the GB fragment is methanol.
The CH; fragment can originate from either GEN or ; .
CH;OH, whereas the CN fragment must come from;CN. sample continues to lose weight gradually up to 300

On heating crystals of slowly up to 500°C, under an In the t_hermoanalytlcgl investigation & we are con-
atmosphere of argon, a variety of products are observed, a<€rned with understanding the thermal stability of edt and
shown in Figure 9. The TG-MS clearly shows the release of PP ligands in this compound. Upon gradually increasing
acetonitrile, which is first noticeable at ca. 18D. At about
the same temperature @Bl and CH are also detected. The
detection of CHO and CH in the MS begin at ca. 158C
and reaches a maximum at 200. This large temperature
range may be due to the release of uncoordinated and bound =
methanol. These observations indicate that the uncoordinated
solvent molecules are held by weak forces, since the boiling
point of both acetonitrile and methanol is ca. 8G.
Presumably, the uncoordinated solvent molecules are held
in the crystal structure by a number of van der Waals .
interactions within the polymer framework. Furthermore, as
shown in Figure 2, the coordinated acetonitrile molecules
are buried in the “socket” of uniB, perhaps resulting in
bound acetonitrile being more thermally stable than the
coordinated methanol if. At 220 °C, a peak due to CN is
observed, which is attributed to the pyrolysis of coordinated
acetonitrile. The secondary Ghbeak observed at ca. 250
°C can also be attributed to the pyrolysis reaction of
acetonitrile. That coordinated acetonitrile cleaves at ca. 250
°C is consistent with the coordinated acetonitrile being
thermally more stable than free acetonitrile or the coordinated
methanol molecules. Whether or not the Mn center influences
this cleavage reaction is unclear. The TG-MS results are
consistent with the presence of two types of acetonitrile in
1 which are evident from the crystallographic investigation.

The thermogravimetic analysis curve (top of Figure 9)
shows the loss of weight dfas the temperature is increased. Figure 9. (top) Thermogravimetric trace obtained upon heatirigom
The curve indicates that the first obvious weight loss is about t2€0mt0 SO"C under an afinasphere of argon, The traces Winderneatt show

perature profiles of the various ions (&3 CHs;, CHsCN, and CN)

9% and occurs between 130 and IO corresponding to  detected during the thermogravimetric experiment.
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Figure 10. (top) Thermogravimetric trace obtained upon heafirfgppm

20 to 500°C under an atmosphere of argon. The traces underneath show/eft Value 5.92ug.

temperature profiles of the various ions (EFCH, SGH,, and GH,)
detected during the thermogravimetric experiment.

the temperature to 50 under an atmosphere of argon for
a sample of2, the following species were detected in the
TG-MS apparatus: CHm/e = 15); [CH,—CH,]?" (m/e =
14); SCH (m/e = 46); and SGH4 (m/e = 60), indicating
that the edt ligands decompose above ca. 250

electrons, while2 and 6 have eight and three unpaired
electrons, respectively. In all the compouridss, the Mo—

Mo bond distances fall in the short range 289 A,
consistent with strong coupling of two 4électrons from
each of the M¥ centers. The [M%0,S,(edt)]?~ subunit is
thus diamagnetic, as are other complexes containing the Mo
core?® Furthermore, the closest MAMn separations in
compoundsl—6 are ca. 7.6, 10.5, 10.1, 8.1, 8.3, and 10.4
A, respectively. All these Mn-Mn distances are significantly
longer than the distance associated with metatal contact
(3.4 A). Furthermore, the TDP molecule has a nonconjuga-
tive —(CH,)s;— spacer between the two pyridyl groups, and
hence magnetic coupling or magnetic exchathdgetween
Mn---Mn must be very weak or nonexistentir-6 at room
temperature.

All the compoundsl, 3, 4, and 5 contain the [Mn-
{Mo0,0,S,(edty}] fragment, and they all display similar
magnetic properties at room temperature, with the experi-
mental ue Values being close to the spin-only theoretical
This observation suggests that Vin 1,

3, 4, and5 is in a high-spin state witls = 5/2; it seems
likely that, for all four compounds, the observed magnetic
moment is dominated by the Mratom.

Compoundg2 and 6 exhibit unusual magnetic moments
at room temperature, with much lowggs values than the
spin-only theoretical value. If it is assumed that 'Mn 2
and6 is in a high-spin state and there is no magnetic super-

The thermogravimetric curve at the top of Figure 10 shows exchange of Mn(3d)-Mo(4d), the corresponding theoretical

the progressive weight loss @f In the temperature range
100-200°C, there is ca. 10% weight loss, which is attributed

Ueit Values should be 10.9bg for 2 and 5.92ug for 6,
corresponding to 10 and 5 unpaired electrons, respectively.

to the release of six uncoordinated methanol molecules perlt is worth noting that both2 and 6 contain the [Mn-

molecular unit of2 (theoretical calculated weight loss
9.1%). However, no Cklfragment is observed in the mass
spectrum, indicating that methanol does not underg@C
bond cleavage in this temperature range. In the range-200

240°C, 2 loses less than 3 wt%. A further substantial mass

loss (ca. 25%) occurs in the temperature range-Z8D °C,

which corresponds to the decomposition of the polymeric

framework of2 and the pyrolytic-cracking of the TDP and

{Mo0,0,S,(edty},]?~ fragment and it appears that this frag-
ment exhibits lowerr values than predicted using the spin-
only formula. It seems likely that there is significant magnetic
coupling at room temperature.

Summary

The synthesis of assemblies formed by attachind kén
[Mo0,0,S,(edtp]>~ by means of the oxo ligands has been

edt ligands. Consequently, in this high-temperature range, described in this paper, and the nature of the resulting

CHs; and GHs, as well as traces of SGHand SGH,, are

complex has been shown to depend on the reaction conditions

observed. At higher temperature, the pyrolysis becomesand the solvent. The reactions occur under mild conditions.

important, as indicated by the large quantity ofHz and
CH; observed.

Up to 250°C, trace amounts of SGHpeaks at 290 and
350°C) and SGH, (peak at 270C) were observed. These
fragments presumably result from pyrolysis, involving
elimination reactions from the edt ligands. It is impossible
to unambiguously identify the origin of the Gldnd GH,
fractions because both Glnd GH,4 can be obtained from
the pyrolysis of both TDP and edt ligands.

Magnetic Properties of 1-6. The magnetic susceptibili-
ties of compoundsl—6 have been investigated at room
temperature. The corresponding magnetic momegigor
1-6 are as follows1, 5.83;2, 8.98;3, 5.86;4, 5.85;5, 5.91;
and 6, 3.90ug. If the orbital contribution to the magnetic
moment from molybdenum atoms is ignored, thesevalues
indicate that compounds 3, 4, and5 contain five unpaired

The binding of the solvent to the complex is a key factor in
determining the structure of the compound that crystallizes
from solution.

In the reaction solution containing MnMo,0,S,(edt)]?~
and TDP or 4,4bipy, acetonitrile and methanol serve as both
the reaction solvent and the ligands to the Mn. The existence
of competition between multidentate ligands and solvent
molecules binding to Mn is general in polymerization
processes.

(29) (a) Coucouvanis, DAdv. Inorg. Chem.1998 45, 1. (b) We have
determined the magnetic moment of [MEiM0,0,S;(edt)] at room
temperatureyes = 0.

(30) (a) Barandika, M. G.; Hefmalez-Pino, M. L.; Urtiaga, M. K.; Corte
R.; Lezama, L.; Arriortua, M. I.; Rojo, Td. Chem. Soc., Dalton Trans.
200Q 1469. (b) Rodguez-Marm, Y.; Hernadez-Molina, M.; Sanchiz,
J.; Ruiz-Peez, C.; Lloret, F.; Julve, MJ. Chem. Soc., Dalton Trans.
2003 2359.
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There are significant differences in the structural features Supporting Information. Semiempirical absorption corrections were
of complexesl—3 related to the use of distinct solvents or applied in all cases on the basis of repeated and symmetry-
reaction temperature. Thud, contains acetonitrile and  €quivalent reflectiond! The structures were solved by direct
methanol molecules bound to Mn, wher&asas a cationic methods and refined by full-matrix least-squares on all unigue
chain in which two water molecules bind to the Mn and an values®? Anisotropic displacement parameters were assigned to all
anionic chain in which no solvent molecule is incorporated. non-hydrogen atoms. The hydrogen atoms of coordinated water (for

) . . .~ 2and3) and the hydroxyl group of coordinated methanol molecules
3 CQ,mamS both Wgter and methanql Coprdlnated In CIs (except for3) were located in difference maps and refined with
positions to Mn, which leads to the pyridyl ligands from the  55510priate geometrical restraints. Other hydrogen atoms were
three TDP ligands bound to Mn infac disposition. Thus,  pjaced in idealized positions and allowed to ride on their respective
among the factors involved in the synthesis of compounds parent atoms. Disorder for one TDP ligancd2iand3 was modeled
1-3, the solvent clearly influences the structure of the in a 1:1 ratio. Disorder for the ethyl group of one edt ligandjn
resulting framework. In additior4 has four molecules of 5, and6 was resolved and successfully modeled in a 3:1, 2:1, and
methanol bound to Mn, suggesting the favorable formation 1:1 ratio, respectively. The uncoordinated methanol3ofvas
of discrete clusters if the long and flexible multidentate disordered ina 1:1 ratio. In addition, foy2, andS, poorly resolved

ligands are absent in the reaction system containing Mn methanol solvent molecules were treated by the SQUEEZE
and [MoO,S(edty]> procedure in PLATONS with one-and-a-half methanol molecules

Metal—sulf lust ften d d und id per asymmetric unit of, three methanol molecules per asymmetric
etar-sullur clusters are often decomposed Under acld it 4t and two methanol molecules for each asymmetric unit of

conditions and high temperature. Ligating metsiilfur 5. The crystal of6 was found to be inversion-twinned.

clust_ers on the bac_kbone qf coordmatl.on po_lymers may  gsynthesis of 1.TDP (0.4 g, 2.0 mmol) and Mn(Ng)6H,0
modify their properties and improve their stability toward (0.287 g, 1.0 mmol) were added to 60 mL of a mixed solvent
acid or high temperature. The research reported in this papefmethanol/acetonitrile= 2:1), then stirred at room temperature in
describes how to utilize the terminal oxo ligand on an Mo air for 30 min. [EtN]2[M0,0,S,edb] (0.732 g, 1.0 mmol) was then
site to assemble molybdenursaulfur clusters on a coordina- added, and the reaction mixture stirred continuously for 30 min.
tion polymer framework under mild conditions. The approach The resulting orange solution was allowed to evaporate slowly under
we have employed is sufficiently general that the synthesis @mbient conditions. After 3 h, a small amount of orange cuboidal
of other new extended arrays of M&—0O-based clusters crystals was isolated from solution. Continuous evaporation of the

in combination with other metal ions can be anticipated using Solution for 2 days yielded orange cuboidal crystals (0.62 g, yield
the same method 64.2% based on Mn) suitable for X-ray crystallographic analysis.

1 is slightly soluble in a methanol/acetonitrile mixed solvent but
insoluble in acetonitrile. Anal. Calcd (found): C, 35.68 (35.57);
H, 4.49 (4.42); N, 6.08 (6.03)%. IR (KBr pellet, c#): »(C=N
General. The preparations df—6 were performed in air. [GN].- of acetonitrile), 2267(m);v(pyridyl group of TDP), 1610(s),
[Mo,0,S,(edty] was prepared according to the literature methdd.  1422(m), 1384(m)y(Mo—0), 918(s), 889(s}y(Mo—u-S), 434(m).
All other chemicals and reagents were used as received from Synthesis of 2. 2was synthesized by a method similar to that
commercial sources. The C, H, N microanalyses were carried outof 1, but using only methanol as the solvent. Evaporation of the
on a Carlo Erba 1108 elemental analyzer by the University of filtrate in air for 5 days gave orange prismatic crystals (0.63 g,
Newcastle upon Tyne microanalytical service. Infrared spectra (KBr yield 59.7% based on Mn) suitable for X-ray crystallographic
disks) were recorded on a Perkin-Elmer 598 spectrometer. analysis2 is slightly soluble in methanol and fairly soluble in hot
Thermogravimetric Analysis. Thermogravimetric analysis com- ~ methanol. Anal. Calcd (found): C, 37.54 (37.50); H, 4.96 (4.92);
bined with mass spectrometry (TGA-MS) for studying compounds N, 5.31 (5.38)%. IR (KBr peller, crf): v(pyridyl group of TDP),
1 and2 was performed with the heating rate set at®Tsmin™2, 1609(s), 1424(m), 1385(m)(Mo—0), 918(s), 895(s)y(Mo—u-
Typically, ca. 6.5 mg of the crystals were used in the analysis. All S), 439(m).
experiments were conducted under an argon gas flow with a flow  Synthesis of 3. 3was synthesized by a method similar to that
rate of 50 mL mirtt. The TG-MS apparatus consisted of a Thermal of 2, but the reaction was carried out in hot methanol {69 for
Sciences model STA 1500 thermogravimetric analyzer connectedhalf an hour, then cooled to room temperature. A small amount of
via a 1 mminternal diameter sampling probe lined with 0.32 mm yellow precipitate was removed by filtration. Slow evaporation of
internal diameter fused silica capillary to a VG Quadrupoles 300 the filtrate in air for 5 days yielded yellow octahedral crystal$ of
amu quadrupole mass spectrometer. The TGA sample crucible wag(0.61 g, yield 61% based on Mn) suitable for X-ray crystallographic
situated directly below the sample probe. The detection of the single-crystal analysis. Anal. Calcd (found): C, 38.21 (38.19); H,
fragments is slightly delayed after release from the solid samples 4.61 (4.58); N, 5.57 (5.58)%. IR (KBr pellet, ci): v(pyridyl
due to the long pipe used to interface the TG apparatus with the group of TDP), 1611(s), 1422(m), 1384(m)(Mo—0), 919(s),
mass spectrometer. The delay time is about 2 min, which leads t0894(s); v(Mo—u-S), 426(m).
the corresponding temperature for detection of the fragments being  Synthesis of 4. 4was synthesized by a method similar to that
about 30°C less than the corresponding mass loss temperature. of 1, using 60 mL of mixed solvent (methanol/acetonitrie2:1),
X-ray Crystallography Analyses. The data forl, 2, 5, and6 and 4,4-bipy (0.312 g, 2 mmol) instead of TDP. Slow evaporation

Experimental Section

were collected on a Nonius KappaCCD diffractometer byghe of the filtrate in air for 1 week gave orange platelike crystals (0.38
w-scan method, while the data f8rand 4 were collected on a
Bruker SMART CCD diffractometer by the-scan method. All (31) Sheldrick, G. M.SADABS: Siemens Area Detector Absorption

six compounds were analyzed using Ma. Kadiation ¢ = 0.71073 fgog;%ection SoftwargUniversity of Gdtingen: Gitingen, Germany,

A) at a temperature of 150 K. Crystal data and other experimental (35) Sheldrick, G. MSHELXTL Bruker AXS Inc.: Madison, W, 2001.
information are given in Table 7, with further details in the (33) Spek, A. L.J. Appl. Crystallogr.2003 36, 7.
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Table 7. Crystal Data and Structure Refinement Parameters for Compdunés

1 2 3 4
formula Gse.5H84.79MIN2M04Ng 2500512 CoeH10aMN2M04NgO14S,2 CaoHaeMNM0ooN4OsSs Ca3Hz6MNM0o2N306Ss
fw 1901.94 2111.93 1005.91 889.73
cryst syst tetragonal triclinic monoclinic orthorhombic
space group P4/n P1 P2;/n Pbca
a(A) 27.560(5) 11.9446(11) 12.1321(5) 15.3815(8)
b (A) 27.560(5) 12.1041(9) 19.3126(7) 18.2475(9)
c(A) 10.5496(10) 17.3420(18) 17.2368(6) 23.9239(12)
o (deg) 89.331(9)

B (deg) 84.978(11) 96.308(1)

y (deg) 63.933(8)

V (A3) 8013(2) 2242.6(4) 4014.2(3) 6714.8(6)
z 4 1 4 8

reflns measd 70622 45379 28 966 46 211
unique dataRnt 7067, 0.0890 10 260, 0.0630 7057, 0.0360 5918, 0.0797
params 390 475 593 390

R(F, F2 > 20)P 0.0448 0.0403 0.0447 0.0512

Ry (F2, all datay 0.1147 0.1212 0.0973 0.1434
GOF onF? 1.064 1.078 1.322 1.162
max, min electron 0.94,-0.48 1.42-0.89 0.62-0.71 1.67-1.01
density (e A?3)

5 6
formula CzeHggMﬂMOzN4O4SG 034H75MnMO4N209312
fw 903.74 1480.39
cryst syst monoclinic orthorhombic
space group P2,/c Pca2;

a(A) 16.2683(10) 14.3218(15)
b (R) 11.8808(12) 26.6005(15)
c(A) 18.5510(7) 30.184(3)

o (deg)

B (deg) 102.890(4)

v (deg)

V (A3) 3495.2(4) 11499.3(18)
z 4 8

reflns measd 48 225 71784
unique dataRnt 6114, 0.0528 19937, 0.0411
params 380 1137

R(F, F2 > 20)P 0.0364 0.0364

Ry (F2, all datay 0.0923 0.0836

GOF onF2 1.047 1.065

max, min electron 0.87,—2.72 1.30,-0.65
density (e A?3)

a Collected using Mo I& (1 = 0.71073 A) radiation aT = 150 K.?R = Y [|Fq| — |Fel|/3|Fol. ¢ Ry = { T[W(F2 — FAA/ S [W(Fd)4} Y2

g, yield 42.7% based on Mn) suitable for X-ray crystallographic 58.1% based on Mo) suitable for X-ray crystallographic analysis.
analysis. Anal. Calcd (found): C, 31.05 (31.08); H, 4.08 (4.11); 6 is slightly soluble in methanol but quite soluble in acetonitrile.
N, 4.72 (4.76)%. IR (KBr pellet, cm): »(pyridyl group of 4,4- Anal. Calcd (found): C, 27.59 (27.58); H, 5.17 (5.15); N, 1.89
bpy), 1603(s), 1411(m), 1274(m)(Mo—0), 913(s);v(Mo—u-S), (1.88)%. IR (KBr pellet, cm?): 1744(w), 1484(s), 1271(m);
449(m). v(Mo—0), 933(s), 894(s)y(Mo—u-S), 432(m).

Synthesis of 5. Swas synthesized by a method similar to that Investigations of Interconversions of 2 into 3 and 2 into 1.
of 1 using 60 mL of mixed solvent (methanol/acetonitrite2:1), Conversion of 2 into 3.Crystals of2 (100 mg) were dissolved in
except that 2,2bipy (0.312 g, 2 mmol) was used instead of TDP. 30 mL of hot methanol and stirredrfd h at 50°C. All crystals of
In addition, after adding [BN],[M0,0,S,(edt)], the mixture was 2 were soluble, and the orange solution was cooled to room
stirred for only 1 min and then filtered, due to the rapid temperature and evaporated in air for 8 days. Yellow octahedral
crystallization of the product. Evaporation of the filtrate in air for crystals (76 mg) were isolated. The crystals produced were selected
1 day gave red block crystals (0.65 g, yield 72% based on Mn) for characterization by single-crystal X-ray diffraction and elemental
suitable for X-ray crystallographic analysis slightly soluble in analysis. The unit cell was monoclinic, space gr&ffa/n, a =
methanol but insoluble in acetonitrile. Anal. Calcd (found): C,34.55 12.132 A\b = 19.313 A,c = 17.237 A, = 96.308, V = 4014
(34.51); H, 3.57 (3.55); N, 6.20 (6.23)%. IR (KBr pellet, T A3, Elemental analysis of the crystals, found: C, 38.20; H, 4.57;
v(pyridyl group of 2,2-bpy), 1595(s), 1437(m)(Mo—u-O), 870(s); N, 5.56%. These results confirm that the product of this conversion
v(Mo—u-S), 455(m). reaction was identical t8.

Synthesis of 6.15-crown-5 (0.20 mL, 1.0 mmol) and Mn(Np* Conversion of 2 into 1.Crystals of2 (100 mg) were dissolved
6H,0 (0.287 g, 1.0 mmol) were added to 30 mL of a mixed solvent in 45 mL of mixed solvent (methanol/acetonitrite2:1) and stirred
(methanol/acetonitrile= 2:1) then stirred at room temperature in  for 1 h atroom temperature. Most of the crystals 2fradually
air for 30 min. [EfN];[M0,0,S;(edt)] (0.732 g, 1.0 mmol) was dissolved, and the orange filtrate was evaporated in air for 5 days.
then added, and the reaction mixture stirred continuously for 30 Orange cuboidal crystals (58 mg) were isolated. The unit cell was
min. Slow evaporation of the orange solution under ambient tetragonal, space group4/n, a = 27.56 A,c = 10.550 A,V =
conditions for 10 days gave orange block crystals (0.43 g, yield 8013 2. Elemental analysis, found: C, 35.60; H, 4.45; N, 6.05%.

Inorganic Chemistry, Vol. 45, No. 10, 2006 4301



Lin et al.

These results confirm that the product of this conversion reaction  Supporting Information Available: X-ray crystallographic files
was identical tal. for compoundd.—6; figures showing alternative views of the double

sheet networks ofl and representations &. This material is
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