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Luminescent 2-D Double-layered Polymer, [(Cul)  4(CH3SCH3)s],
Containing Helical Chains Constructed by Flower-Basket-Shaped Cu
Clusters
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cubane-like tetramers linked by various organic ligahisr
example, a 1-D zigzag chain df(C.Hs),S]5[Cul]s}. is
constructed by Cili, clusters and diethyl sulfid& a 2-D
polymer is formed by Cils clusters and bis(4-pyridyl)-
disulfide® and a 3-D polymer is tetrahedrally connected by
Cuwly4 junctions®® As an extension of these studies, we have
successfully isolated a novel compound [(Q@Hs:SCHs)s]«
Supramolecular assembly, using clusters of metal chalco-(1) which is an unusual 2-D double-layered inorganic

genides or halides as bUIldIng bIOCkS, has attracted mUChorganiC hybnd p0|ymer constructed by cluster units as
attention. Many of these compounds not only are of the pyilding blocks.
intriguing structural diversities in architectures but also

display potentially useful properties, including ion-exchange method in a mixed solvent of toluene and DMSThe

capacity, electronic, and optical propertied. number of compound was characterized by single crystal X-ray analysis
cluster-based materials have been obtained by such a self P y singie cty Y Y

assembly process. For instance, a large supramoleculaiPcube(SUppor.tmg Information). Interestingly, it 'S r_10t onI_y a

was achieved by a combination of Cp*\4( clusters and polymeric structure self-assembleq fr_om pundlng 'umts of
cyanide anions; a 3-D photoluminescent superlattice (UCR- unu_sual Cul, clusters but also a bridging _I|gand, d_|methyl

9)ic was formed by linking [Ce(SPh),]** clusters; a 3-D sulfld@T (DMS), formed from the reduction of dimethyl

cubic framework was based on edge-bridged ¢Blky]>" sulfoxide (DMSO).

clusters and CNMn—NC bridgest"

The iodine atom can bind to Cu metal by a variety of
bonding modes, so it has been extensively used as component
of cuprous clusters and polyméet$Noteworthy examples
of polymeric compounds including GQly clusters are those

A new route for the synthesis of coordination compounds with
dimethyl sulfide ligand is reported; the prepared compound is a
novel 2-D framework with a 1-D right-handed and left-handed
helical structure, which is unique in the sense that the fundamental
units are unusual Cugly clusters.

The title polymerl was synthesized by the solvothermal

(3) (a) Filippo, J. S. Jr.; Zyontz, L. E.; Potenzdnbrg. Chem1975 14,
1667-1671. (b) Blake, A. J.; Brooks, N. R.; Champness, N. R.; Crew,
M.; Gregory, D. H.; Hubberstey, P.; Schroder, M.; Deveson, A.;
Fenske, D.; Hanton, L. RChem. Commun2001, 1432-1433. (c)
Hu, S.; Tong, M.-L.Dalton Trans 2005 1165-1167. (d) Brooks, N.
R.; Blake, A. J.; Champness, N. R.; Cooke, P. A.; Hubberstey, P.;
Proserpio, D. M.; Wilson, C.; Schroder, M. Chem. Sog¢.Dalton
Trans. 2001, 456-465. (e) Wang, R. H.; Hong, M. C.; Luo, J. H.;
Cao, R.; Weng, J. BEur. J. Inorg. Chem2002 3097-3100. (f)
Ashton, P. R.; Burns, A. L.; Claessens, C. G.; Shimizu, G. K. H,;
Small, K.; Stoddart, J. F.; White, A. J. P.; Williams,D.J.Chem.
Soc, Dalton Trans.1997 1493-1496. (g) Rttgers, T.; Sheldrick,

*To whom correspondence should be addressed. E-mail: daijie@
suda.edu.cn.
T Suzhou University.
* Nanjing University.
(1) (a) Zheng, N. F.,; Bu, X. H.; Wang, B.; Feng, P. Science2002

298 2366-2369. (b) Lang, J.-P.; Xu, Q.-F.; Chen, Z.-N.; Abrahams,
B. F.J. Am. Chem. So003 125 12682-12683. (c) Zheng, N. F.;
Bu, X. H.; Feng, P. YJ. Am. Chem. So€002 124, 9688-9689. (d)
Zheng, N. F.; Bu, X. H.; Feng, P. Xd&. Am. Chem. SoQ005 127,
5286-5287. (e) Li, H.-L.; Eddaoudi, M.; Laine, A.; O’'Keeffe, M.;
Yaghi, O. M.J. Am. Chem. S0d999 121, 6096-6097. (f) Zhou, H.
J.; Day, C. S.; Lachgar, AChem. Mater2004 16, 4870-4877. (h)
Yan, B.-B.; Zhou, H.-J.; Lachgar, Anorg. Chem2003 42, 8818—
8822.

(2) (a) Hartl, H.; Mahdjour-Hassan-Abadi, Akngew. Chemint. Ed. Engl.
1994 33, 1841-1842. (b) Cheng, J. K.; Yao, Y.-G.; Zhang, J.; Li,
Z.-J.; Cai, Z.-W.; Zhang, X.-Y.; Chen, Z.-N.; Chen, Y. Kang, Y.-B;
Qin, Y.-Y.; Wen, Y.-H.J. Am. Chem. SoQ004 126, 7796-7797.

8486 Inorganic Chemistry, Vol. 45, No. 21, 2006

(4

10.1021/ic060972t CCC: $33.50

=

W. S.Z. Anorg. Allg. Chem2001, 627, 1976-1982. (h) Heller, M.;
Sheldrick, W. SZ. Anorg. Allg. Chem2004 630, 1869-1874. (i)
Kim, T. H.; Lee, K. Y.; Shin, Y. W.; Moon, S. T.; Park, K. M.; Kim,
J. S.; Kang, Y.; Lee, S. S.;Kim, Jnorg. Chem. Commur2005 8,
27—-30. (j) Rudolph, L. N.; Hartl, HZ. Anorg. Allg. Chem1997,
623 687—694.

The reactants Cul (38.1 mg, 0.2 mmol}»SP(88.9 mg, 0.4 mmol),
and (CHCH,)sNBr (42 mg, 0.2 mmol) were added to a mixed solvent
of 2 mL of toluene and 0.5 mL of DMSO in a Teflon-lined steel
autoclave (15 mL). The reaction was carried out at 1@%or 4 days.

A bright yellow solution was obtained, which was layered withQEt
and afforded colorless brick crystals of [(C{QHs;SCH)3], in about
32% vyield (based on Cu metal) after 3 weeks.
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Et,NBr

Cul+DMSO + P,S;——
[Cu,l,(CH;SCH;,),],, + S; + PO byproducts (1)

Among the most studied results, DMSO acts as reagent,
solvent, and/or ligand. One of the fundamental chemical
properties of DMSO is the ability to undergo deoxygenation
to give the corresponding sulfide. There are three well-
demonstrated methods for the deoxygenation @@
ligands. The first is the combination of an electrophilic
activator and a reducing agenthe activator binds to the
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O atom, increases the partial positive charge on the S atom,

and thus promotes the deoxygenating reaction. For instance
the reaction of RSO with the reducing agent Ndlin the
presence of PGl(activator) yields OPGland RS. The
second is metal-catalyzed oxygen transfer reacfidRe-
(O)C1s(PPh)® reacting with DMSO to form OPRland Re-
(O)C13(DMS)(OPPH) is one of the good examples. The third
is metat-acid mediated deoxygenations in the presence of
HCI.” The deoxygenation promoted by acids and related
complexes of Pt(ll), which is accompanied by the oxidation
of Pt(Il) to Pt(IV) and the reduction of DMSO to dimethyl
sulfide. In this communication, we found a new deoxygen-
ating reaction using & reagent.

The deoxygenation reaction has been further confirmed
by the preparation of [CUCI(C4$CHb)]., and [CuBr(CH-
SCH)]« in a similar method (Supporting Information). Their
crystal structures were characterized using single-crystal
X-ray analysis. The 2-D polymeric structure formed by
CwX; clusters, however, had been described by Maelger’s
group® The mechanism of the new reaction is still unclear,
and it should relate to the phosphorus atoms &P
possessing of a strong affinity to oxygen. In the reaction o
P.Ss with molar equivalent of DMSO in toluene solution,
an instantaneous reaction occurred with a sulfide odor
evolved. During the reaction, yellow crystals of ®ere

f

Figure 1. (a) Twin unit of the flower-basket-shaped clusterd ogghowing

30% probability displacement ellipsoids and the atom-numbering scheme.
All hydrogen atoms are omitted for clarity. [Symmetry codes: Ax + 1,

v,z B —x+1,-y+1-z+1,C: —x+ 3/2,y,—z+ 3/2]; (b) The
unusual Culy cluster of1.

flower basket. The 12 atom caps the triangle at the bottom,
forming a [Cul] trigonal pyramid. Three iodine ligands
bridge three Cu-Cu edges respectively, resulting in a
roughly trigonal petaline [Gilis] structure. The fourth Cu
atom (Cul) that lies at the handle position of the flower
basket bridges 11 and I1A atoms.

Among cuprous iodic Cyclusters, most of the reported

synchronously obtained as a byproduct. They enable us toStructures have a cubane-like Luarrangement with an

speculate that the deoxygenating process is followed by
oxidation of $~ to $ and reduction of DMSO to dimethyl
sulfide in the reaction with an oxygen transfer from S to P
centers. By consulting the reported mechanisms of deoxy-
genation of RSO 7 the proposed reaction might be written
as eq 1.

Single-crystal X-ray analysis of compouidshows that
it is a two-dimensional inorganieorganic hybrid coordina-
tion polymer with a substructure of Gly clusters (Figure
1). In the Culys cluster (flower-basket-shaped), three Cu

internal tetrahedral Gucore®® Rectangular Culy clusterd®

and step or ‘chair’ structural Gl clusterd! have also been
reported. A very significant structure feature of the so-called
flower-basket-shaped structure dfis that it is an opened
structure of the cubane-like Gly cluster. The Cul and I3
are separated with a distance of 4.347 A, showing the cubane-
like Cwl, structure is opened at Cul and I3 site. Because
two sites of the tetrahedral coordinated Cul atom are
occupied by two CB5CH; molecules, the cubic Gl cluster

is opened and turned to a flower-basket-shaped cluster that

atoms (2, 3, and 3A) are presented in an isosceles trigonalis significantly different from other cuprous iodic €u

arrangement, which is located in the waist positions of the

clusters.
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Figure 3. Fundamental Qi clusters ofl are linked by sulfur bridges to
form a helical structure.

of 1 is unique in a sense that the fundamental units are
clusters that are linked by sulfur bridges to form a helical
pearl-necklace-like structure.

Upon excitation at 290 nm, intense emission of compound
1 in the solid state has been found at 545 nm at room
temperature (see Figure SI-3). The emission is from a triplet
“cluster centered” (CC) excited state and might be assigned
to a combination of iodinecopper charge transfer (XMCT)
and metal cluster centered transition [MCG, e~ (S,pk.
in orbital parentagé?® The existence of a MCC contribution
is supported by CtCu distances, 2.6681(9p.7138(12) A,
less than twice the van der Waals radius of Cu (i.e., less
than 2.8 A), consistent with the previous reported results for
Cudy clusterg®141n contrast, a compound where the-€u

Figure 2. (a) View of the 2-D network of along theb axis. All hydrogen . . . . P
and carbon atoms are omitted for clarity, (b) View down thaxis of 1 Cu distance is substantially longer than 2.8 A is not emissive

showing double-layered structure and 1-D channels. Hydrogen and carbondue to its very weak CuCu interactiort>
atoms are omitted for clarity. In summary, a novel luminescent 2-D double-layered
polymer with a substructure of unusual fLuclusters has
. ; been synthesized. This new and relatively rare cluster with
bridged by two CHSCH; molecules to form a cluster dimer : .

9 y HSCH opened cubane-like Gy cluster is further assembled to form

(Figure 1a). When viewed down thedirection, the twin . . .
; . a 2-D polymer with unique helical structure. The results are
units are rhombic arranged and connected to each other by

CHsSCH; bridges to form a 2-D network within the plane significant not only for the preparation of a new luminescent
3; - . .

(Figure 2a). This is distinct from the cases of the reported polymeric compognd with G‘w b!ocks but also for anew
other corresponding polymeric species havingl{tores?3 route for synthesis of coordlnatlon com'pou'nds with DMS
The title 2-D polymeric compound is an absolutely new g?lsf;\?g:gd%'\:fso as a starting material instead of the
structural motif. Figure 2b depicts the double-layered '

structure viewed along theaxis. The remarkable structural Acknowledgment. This work was supported by the
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