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Approaches to the assembly of (17>-CsMes)WS;Cus-based supramolecular compounds from two preformed incomplete
cubane-like clusters [PPhy][(17°-CsMes)WS3(CuX)s] (X = CN, 1a; X = Br, 1b) have been investigated. Treatment
of 1a with LiBr/1,4-pyrazine (1,4-pyz), pyridine (py), LiCl/py, or 4,4'-bipyridine (4,4'-bipy) and treatment of 1b with
4,4'-hipy gave rise to a new set of W/Cu/S cluster-based compounds, [Li{ ((r7°-CsMes)WS3Cus(t3-Br))a(u-CN)s} -
CeHel-» (2), [(17°-CsMes)WSsCus(ue-CN)2(py)l» (3), { [PPha][(17°-CMes)WS3Cu(tes-Cl)(ue-CN)(CN)]-py} - (4), [PPha]-
[(775-C5MEs)WSgCUg(CN)z]z(M-CN)z'(4,4’-bipy) (5), and {[(175-C5Me5)W83Cu3Br(,u-Br)(4,4’-bipy)]-EtZO}m (6) The
structures of 2—6 have been characterized by elemental analysis, IR spectra, and single-crystal X-ray crystallography.
Compound 2 displays a 1D ladder-shaped chain structure built of squarelike {[(73-CsMes)WS3Cus(t3-Br)(u-CN)]4} -
(1-CN),?~ anions via two pairs of Cu—u-CN—Cu bridges. Compound 3 consists of a single 3D diamondlike network
in which each (7>-CsMes)WS;Cus unit, serving as a tetrahedral node, interconnects with four other nearby units
through Cu—u-CN—Cu bridges. Compound 4 contains a 1D zigzag chain array made of cubane-like [(77°-CsMes)WS;-
Cus(us-Cl)(u-CN)(CN)]~ anions linked by a couple of Cu—x-CN—Cu bridges. Compound 5 contains a dimeric structure
in which the two incomplete cubane-like [(#°-CsMes)WS3(CUCN),(u-CN)]~ anions are strongly held together via a
pair of Cu—u-CN—Cu bridges. Compound 6 contains a 2D brick-wall layer structure in which dimers of [(75-Cs-
Mes)WS;Cu3Br(4,4'-bipy)], are interconnected via four Cu—u-Br—Cu bridges. The successful construction of (7%
CsMes)WS;3Cus-based supramolecular compounds 2—6 from the geometry-fixed clusters 1a and 1b may expand
the scope of the rational design and construction of cluster-based supramolecular assemblies.

Introduction building blocks in supramolecular chemistry. So far,
Rational design and assembly of supramolecular Com_several_interesting approaches have been reported for the

pounds from preformed complexes remain a great Cha||engegenerat|on of new cluster-based supr_amo!ecular arrays. For

to chemists in the world Transition-metal clusters, by virtue example, some metametal bonded dimeric clusters. EM

of their well-defined structures and unique properties, present(PATF)2(MeCN)J?" (M = Mo, Rh) were adopted as building
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blocks for generating a new family of Mbased supramo-
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ties We communicated the assembly of a W/Cu/S cluster-

lecular compound$Octahedral hexarhenium chalcogenide based supramolecular cubefCsMes)WS;Cus)sCls(CN).-

clusters were utilized to create a series of fR¢ (Q = S,

Lig], from reactions of a preformed incomplete cubane-like

Se, Te)-based supramolecular arrays, some of which maycluster, [PPE[(#°-CsMes)WS;(CuCNY] (1a), with LiCl and

have interesting photophysical properties series of chiral

1,4-pyrazine (1,4-pyZY° This result prompted us to consider

cluster-based polymers were produced from the interlinking 1aand its bromide analogue, [PHK#7°-CsMes)WS;(CuBr)]

of linear {[Cu(threo-tab}*}. (threo-tab= 1,253S54-bu-
tanetetramine) strands with [R&(CN)i]4 and [ReQs-
(CN)s]*~ (Q = Te, Se, S) in alkaline aqueous solutfn.

(1b), as useful cluster precursors for generating other
topological structures.
As shown in Scheme 1, compourig or 1b may be

However, the development in this type of study has slowed viewed as having an incomplete cubane-lik@{CsMes)WSs-
because of the limited suitable cluster precursors and theCu] core structure in which three Cu atoms have a typical

difficulty in isolating the resulting products.

trigonal planar coordination geometry and three terminal

On the other hand, in the past decades, synthesis of newcyanides (or bromides) extend in directions that are ap-

heteronuclear clusters from reactions of thiomolybdate and proximately perpendicular to each other. The three copper
thiotungstate with various metals have attracted much centers in the cluster core @& or 1b may have up to six
attention because of their interesting chemistry and their coordination sites available if their coordination geometries
relevance to biological systems, industrial catalysis, and are turned into a tetrahedral one. Topologically, the cluster
photonic material§-'” Recently, we have been interested coresinlaandlb are anticipated to serve as multiconnecting
in the assembly of cluster-based supramolecular compoundsodes (nodes-af in Scheme 1) for the assembly of cluster-
using preformed Mo(W)/Cu/S clusters in the pursuit of new based supramolecular frameworks. For example, if halide
cluster chemistry and new chemical and/or physical proper- X from LiX is introduced to cap the void of the incomplete
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cubane-like core ola, it may form a cubane-like {-Cs-
Mes)WS;CusX(CN)s]~ species. Therefore, it may act as a
two-connecting (d) or three-connecting node (a or b), forming
a 1D zigzag chain, a supramolecular cube, or a 1D ladder-
shaped chain. If LiX is absent, the six possible coordination
sites of 1a or 1b may make the assembly process more
complicated. When the §jf-CsMes)WS;Cug] core acts as a
four-connecting node (c), mono-connecting (e) or three-
connecting node (f), it may form a unique 3D diamondlike
network, a dimer structure, or a 2D brick-wall layer network.
For the formation of the above topological structures to
be achieved, some nitrogen donor ligands should be adopted
to remove part of the cyanides or bromideslafor 1b, and
the remaining species would be connected by the ditopic
linkers existing in the same systéi.Then what nitrogen
donor ligands could be used for this purpose? With that
guestion in mind, we attempted reactionslafor 1b with
1,4-pyrazine (1,4-pyz), pyridine (py), or &Hdipyridine (4,4-
bipy), and successfully isolated a set of five uniqug{Cs-
Mes)WS;Cuws]-based assemblies: [Li(7°-CsMes)WS;Cus-
(u3-B1))2(u-CN)3} - CeHes (2), [(17°-CsMes)WS;Cus(u-CN),-
(PY)] (3), {[PPN][(17>-CsMes)WS:Cus(us-Cl) (u-CN)(CN)J-
PY}e (4), [PPh]2[(17°-CsMes)WS;Cus(CN)2(u-CN)* (4,4 -
bipy) (6), and {[(17°-CsMes)WS:CusBr(u-Br)(4,4-bipy)]-
Et,0O}.. (6). Herein, we report the isolation and structural
characterization a?—6, which represents our initial ambition
toward the rational design and construction of cluster-based
supramolecular arrays from the preformed W/Cu/S clusters.

Experimental Section

General Procedures. Compounds [PPH[(7°-CsMes)WS;-
(CuX)3] (13, X = CN; 1b, X = Br) were prepared as reported

(17) (a) Lang, J. P.; Kawaguchi, H.; Tatsumi, & hem. CommuriL999
2315. (b) Lang, J. P.; Xu, Q. F.; Chen, Z. N.; Abrahams, Bl.FAm.
Chem. Soc2003 125, 12682. (c) Lang, J. P.; Xu, Q. F.; Yuan, R. X.;
Abrahams, B. FAngew. ChemInt. Ed. 2004 43, 4741. (d) Lang, J.
P.; Jiao, C. M.; Qiao, S. B.; Zhang, W. H.; Abrahams, Blrarg.
Chem 2005 44, 2664.



[(7°-CsMes)WSsCug]-Based Supramolecular Compounds

Scheme 1

previouslyl7b:1820ther chemicals were obtained from commercial with some orange-red crystals; the crystals were collected by filtra-
sources and used as received. All solvents were predried overtion, washed thoroughly with 1:4 v/iv MeCN/A&L, and dried in
activated molecular sieves and refluxed over the appropriate drying vacuo Yield: 26 mg (70%). Anal. Calcd. for GH0CusNzSW:
agents under argon. The IR spectra were recorded on a NicoletC, 27.70; H, 2.76; N, 5.70. Found: C, 27.98; H, 3.21; N, 5.76. IR
MagNa-IR500 FT-IR spectrometer (406800 cnr?l). The elemen- (KBr disk): 2152 (m), 1628 (m), 1385 (s), 469 (w), 424 (w) Tm
tal analyses for C, H, and N were performed on a GaHcba {[PPh4][(7°-CsMes)WS3Cus(us-Cl)(u-CN)(CN)]*py} » (4). To
CHNO-S microanalyzer. a MeCN solution containinda (52 mg, 0.05 mmol) and LiCl (2

[Li { ((7°>-CsMes)WSsCus(us-Br)) 2(#-CN)} -CeHel (2). To a mg, 0.05 mmol) was added 2.0 mL of pyridine. The mixture was
solution of1a (52 mg, 0.05 mmol) in 5.0 mL of MeCN were added  stirred for 20 min and filtered. A workup similar to that used for
LiBr (2.2 mg, 0.025 mmol) and 1,4-pyz (8 mg, 0.1 mmol). The the isolation of3 afforded red platelets af, which were collected
mixture was stirred for 20 min and filtered. Benzene (2 mL) and by filtration, washed with BD, and dried in vacuo. Yield: 36 mg
diethyl ether (8 mL) were carefully layered onto the surface of the (65%). Anal. Calcd. for GH4CICUNsPSW: C, 44.29; H, 3.63;
filtrate in a glass tube (lengt 25 cm,¢ = 0.6 cm), which was N, 3.78. Found: C, 44.36; H, 3.60; N, 3.76. IR (KBr disk): 2160
then capped with a rubber septa and tightly sealed with Parafilm. (m), 2120 (w), 1483 (m), 1436 (s), 1376 (m), 1108 (vs), 996 (m),
When the glass tube was left to stand at room temperature for two 753 (m), 724 (vs), 690 (vs), 527 (vs), 445 (w), 430 (w)ém
weeks, red plates ¢f were formed, coupled with a large amount [PPhy]2[(55-CsMes)WS;Cus(CN),]o(-CN),+(4,4-bipy) (5). To
of red crystals; the crystals were collected by filtration, washed g yeq solution ofta (52 mg, 0.05 mmol) in MeCN (10 mL) was
thoroughly with 1:4 v/iv MeCN:ED, and dried in vacuorield: 9 added 4,4bipy (22 mg, 0.10 mmol). The mixture was briefly stirred
mg (25%). Anal. Calcd. for &HaBrCleLiNsSW2: C, 18.97:H, 4t room temperature for 1 min, and some orange-red materials
2.08; N, 2.89. Found: C, 19.22; H, 2.07; N, 2.96. IR (KBr disk): gradually precipitated, which were centrifuged to give a red solution.
2137 (m), 1481 (s), 1377 (s), 1095 (s), 1026 (s), 528 (m), 439 (M) A workup similar to that used for the isolation 8fgave rise to
cm red platelets 06 mixed with a large amount of red-orange powder.

[(7°-CsMes)WSsCus(u-CN)z(py)]. (3). Compoundla (52 mg, The crystals were separated by filtration, washed thoroughly with
0.05 mmol) was dissolved into 2.0 mL of pyridine. The resulting peoH and E40, and dried in vacuo. Yield: 30 mg (41%). Anal.
red solution was briefly stirred at room temperature and filtered. cajcd. for GH;eCuNgP,SsWo: C, 45.97: H, 3.59: N, 5.11.
The filtrate was then transferred into a zigzag glass tube, and 5.0pgyng: C, 45.89; H, 3.67; N, 5.30. IR (KBr disk): 2126 (m), 1585
mL of methanol was carefully layered onto the surface of the filtrate. () 1439 (m), 1439 (m), 1381 (s), 1262 (m), 1107 (s), 1026 (m),
This was followed by the slow addition of 10 mL of diethyl ether.  gog (m), 725 (s), 690 (m), 528 (s), 428 (s) cn
The glass tube was capped with rubber septa and was tightly sealed {[(75-CsMes)WSsCusBr(u-Br)(4,4 -bipy)] -Et,0} . (6). Treat-

with Parafllmf. When thekglazs tgbe ve\llzvs Ieftf to stdand atlrc:jom ment of 1b (38 mg, 0.016 mmol) in DMF (3 mL) with 4/4ipy

temperature for one week, red prismsdivere formed, couple (11 mg, 0.067 mmol) gave rise to a homogeneous solution, which

(18) (@) Lang, J. P.. Kawaguchi, H.. Ohnishi, S.: Tatsumi.JKChem. was stlrred fpr 5 min and flltered. A qukup similar to tha.t used
Soc Chem. Communl1997, 405. (b) Lang, J. P.: Kawaguchi, H.;  for the isolation of3 gave rise to very thin red plates 6f which
Ohnishi, S.; Tatsumi, Klnorg. Chim. Actal998 283 136. were collected by filtration, washed withJ&t, and dried in vacuo.
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Table 1. Summary of Crystallographic Data f@-6
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2 3 4 5 6
formula GooH36BroCuesLiN 3SsW> C17H20CUsN2SW C41HaoCICUsNzPSW CgaH70CUsNgP2SeW2 Co4H23BroCusN.0SW
fw 1534.67 737.01 1111.83 2194.72 985.91
cryst syst orthorhombic orthorhombic monoclinic _ triclinic orthorhombic
space group cmem 12121 P2,/c P1 Pbcn
a(A) 26.854(5) 8.7069(8) 21.532(4) 9.964(2) 19.529(4)

b (A) 14.287(3) 15.6615(17) 14.132(3) 14.490(3) 14.994(3)

c(A) 14.697(3) 16.1002(17) 14.589(3) 16.071(3) 22.238(4)

o (deg) 78.13(3)

B (deg) 104.30(3) 83.88(3)

y (deg) 77.82(3)

V (A3) 5639(2) 2195.5(4) 4302.7(16) 2214.7(8) 6152 (2)

z 4 4 4 1 8

D¢ (g cm3) 1.808 2.230 1.717 1.646 2.011

u (mm™1) 7.937 8.381 4.405 4.220 8.120

no. of refins 11451 18363 41319 22896 59231
collected

no. of unique 2566 3872 7856 8906 5947
reflns

no. of observed 1792 ( > 2.00x(1)) 3826 ( > 2.00s(1)) 6081 ( > 2.00s(1)) 8168( > 2.0Q(1)) 5061( > 2.0(1))
reflns

params 126 250 442 457 301

Ra 0.1027 0.0356 0.1028 0.0633 0.1237

wRP 0.2172 0.0693 0.2141 0.1686 0.2353

GOF 1.216 1.174 1.224 1.138 1.292

largest residual 1.412,—1.591 1.015;-0.974 1.406;-1.365 1.430;-1.669 1.760;-1.700

peaks and holes
(e A

aR = 3 ||Fo| — |Fell/S|Fol. °WR = {W3 (F2 — FAHIW(F?)Z} 12 ¢ GOF = { yW(Fo? — Fcd?/(n — p)} Y2, wheren is the number of reflections armlis
the number of parameters.

Yield: 18 mg (60%). Anal. Calcd. for £gH23Br,CusN,S;W: C, be 821 & per unit cell, and there are approximately 40 non-
26.06; H, 2.51; N, 3.04. Found: C, 26.22; H, 2.60; N, 3.18. IR hydrogen solvent atoms in the unit cell. Because of the dramatic
(KBr disk): 1667 (m), 1604 (s), 1532 (m), 1485 (s), 1412 (s), 1381 loss of single-crystal character upon removal from the mother liquor
(s), 1219 (m), 1068 (m), 1026 (m), 810 (m), 428 (m)<ém and the small size of the crystal (0.250.10 x 0.08 mnd), the

Crystal Structure Determination. X-ray quality single crystals absence of strong reflections at high angles did not permit
of 2—6 are obtained directly from the above preparations. All satisfactory refinement of the solvent molecules, which led to a
measurements were made on a Rigaku Mercury CCD X-ray higher R value. For5, the crystal used may contain two,&t
diffractometer by using graphite monochromated Ma K = solvated molecules. However, numerous attempts to refine them
0.71070 A). Each single crystal was mounted at the top of a glass failed, which resulted in large void (ca. 216)Awithin the crystal.
fiber and cooled at 193 K in a stream of gaseous nitrogen. Cell In the case 06, we wish to note that the crystal used was weakly
parameters were refined by using the program CrystalClear (Rigakudiffracting, especially at high angles, because of its rapid solvent
and MSc, version 1.3, 2001) on all observed reflections. The loss upon removal from the mother liquor, which also led to a
collected data were reduced by using the program CrystalClear, relatively highR value.

and an absorption correction (multiscan) was applied, which resulted  For compound®—6, all non-hydrogen atoms, except for those
in transmission factors ranging from 0.401 to 0.539 2oifrom from 4,4-bipy (5) and EtO (6), were refined anisotropically.
0.351 to 0.433 for3, from 0.308 to 0.810 fod, from 0.233 to Hydrogen atoms for 4!4ipy (5) and E$O (6) were not located.
0.658 for5, and from 0.104 to 0.291 foB. The reflection data  All other hydrogen atoms were placed in geometrically idealized
were also corrected for Lorentz and polarization effects. positions (G-H = 0.98 A for methyl groups and-€H = 0.95 A
The structures 02—6 were solved by either direct methd@ler for phenyl groups) and constrained to ride on their parent atoms
heavy-atom Patterson methéand were expanded using Fourier  with Ujso(H) = 1.2U¢(C). All the calculations were performed on
techniques$? For 2, the orientation of each bridging cyanide group a Dell workstation using the CrystalStructure crystallographic
was found to be disordered, and the C and N atoms were refinedsoftware package (Rigaku/MSC, version 3.60, 2004). Important
with 50% probability of being C and N, i.e., C(7):N(1450.5:0.5 crystal and data collection parameters 2er6 are summarized in
and N(1):C(7A)= 0.5:0.5. In addition, crystallographic analysis Table 1.
revealed particularly large voids within the crystalzofUsing the

PLATON program' program, we estimated the void volume t0 Results and Discussion

(19) Sheldrick, G. M.SHELXS-97Program for X-ray Crystal Structure Synthetic and Spectral Aspectsln the formation of the
Solution University of Gettingen: Gettingen, Germany, 1997.

_ i 117b
(20) (a) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; SuPr"f‘lmc_JleCUIar CUbe. it C?MeS)WS‘*_CUG_)BC_lB(CN)lZL'_4]'

Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; SmykallaR&TTY two findings were quite critical and intriguing. One is that 4
The DIRDIF Program Systeriiechnical Report of the Crystallography | j+ and 8 Ct ions from the lithium chloride used were
Laboratory, University of Nijmegen: Nijmegen, The Netherlands, . g . . . .
1992. (b) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, retained within the cube. The introduction of‘lar CI~ ions
W. P.; de Gelder, R; Israel, R.; Smits, J. M. RIRDIF99, The into frameworks of the cube was considered to change its
DIRDIF-99 Program SystenTechnical Report of the Crystallography
Laboratory, University of Nijmegen: Nijmegen, The Netherlands,
1999.

(21) Spek, A. JJ. Appl. Crystallogr 2003 36, 7.
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[(7°-CsMes)WSsCug]-Based Supramolecular Compounds

Scheme 2
1,4-pyz + LiBr

[Li((77*-C5Mes)WS3Cus(st3-Br))a(s-CN)s} -CHsl
X=CN 2)

excess py

5
-CsMes)WS;3Cus(u-CN;
X=cN [(77°-CsMes)WS3Cu3(-CN)2(py)]

LiCl + excess py
X=CN

[PPhy][(7/"-CcMeg)WS5(CuX)s] __

(et X = ON: 101 X = o) {[PPhJI(7-C5MegWS,Cus(ts-CI)(-CN)CNIL- By},

X = 4,4"-bipy .
[PPhLI(7-CsMes)WS3Cus(CN)lo(u-CN)z - (4,4'-bipy)
X=CN (5)
X = 4,4"bipy
X=Br {l(7-C5Mes)WS;Cu;Br(u-Br)(4,4-bipy)]. Et;0},

(8)

charge and thus enhance its solubility in solution. The other
is that 1,4-pyz used removed part of cyanides but did not
coordinate to any copper centers Id It is assumed that
the combined utilization of nitrogen donor ligands (e.g., 1,4-
pyz) and/or LiX (X= halides) may be a good approach to
the construction of cluster-based supramolecular compounds
Therefore, we carried out an analogous reactiofiaofvith

LiBr and 1,4-pyz in MeCN and an unusual 1D ladder-type
chain polymer, [Lf ((7°-CsMes)WS3Cus(uz—Br))2(u-CN)s} -
CeHelw (2), was generated (Scheme 2). In this case, 1,4-pyz
also did not bind at any copper centers but did remove part
of the cyanides ota. The Br ion from the LiBr used capped
the void of the incomplete {f-CsMes)WS:;Cus] cubane-like
core, whereas the tiion acted as a counterion for the
((175-CsMes)WS3Cug(uz-Br))o(u-CN)s} ~ anion. During the
crystal growth o, a large amount of red solid was observed
to form, which may be ascribed to the low yield 2f The
solid was virtually insoluble in common organic solvents;
its identity could not be confirmed by elemental analysis,
X-ray fluorescence analysis, or IR spectra, as the data for
its C, H, and N analyses were always inconsistent and the
IR spectra were quite messy. This unidentified resulting
species, along with the different outcomes betwe@hiCl/
1,4-pyz andla/LiBr/1,4-pyz, implied that such an assembly
system might proceed in a rather complicated way.

Cus(CN)(py)]*0.5CHg} o, [WSCui(py)a(u-CN)o]o,* [PPh]-
{[(7>-CsMes)WS:CL(CN)(py)L(1-CN)} ** and 3.

Inspired by the above results, we naturally explored the
reactions ofla with 4,4-bipy to make 4,4bipy-linked
supramolecular assemblies, becausé-ligy is a versatile
ditopic ligand, which has proven to be very useful in the
formation of cluster-based supramolecular compodnts.’c
Surprisingly, a similar workup to that used in the isolation
of 3 afforded [PPH2[(7°-CsMes)WS;Cus(CN),]2(-CN)y-
(4,4-bipy) (5) in only 41% vyield (Scheme 2), which was
confirmed by elemental analysis, IR, and X-ray analysis to
be the precursota crystallized with 1 equiv of 4,4bipy
molecule. Again, the identity of the red-orange solid formed
during the growth of the crystals &fwas difficult to clearly
characterize because of its quite low solubility in common
organic solvents.

* The failed assembly afa with 4,4-bipy prompted us to
choose its bromine analogue, [RPpty°-CsMes)WS;(CuBr)]
(1b). Fortunately, in this case, treatmentldf and 4,4-bipy

in DMF followed by a similar workup to that used in the
isolation of3 produced an interesting 2D clustéf(#°-Cs-
Mes)WS;CusBr(u-Br)(4,4-bipy)]-Et,0} .. (6), as very thin red
plates in 60% yield (Scheme 2). The different outcomes
between this reaction and the previous reactions may be due
to the fact that, relative to cyanide, bromide is more easily
replaced by 4,4bipy.

Compounds2—6 were relatively stable toward air and
moisture. Compound was slightly soluble in DMF and
DMSO, wherea2—4 and6 were virtually insoluble in any
common organic solvents, which excluded our further
investigation of their physical and chemical properties in
solution. The elemental analysis was consistent with the
chemical formula of2—6. Relative to the terminal €N
stretching vibration at 2129 crhin the IR spectrum ofa,
the bridging G=N stretching vibrations o2 and3 shift to
2137 and 2152 crt, respectively. Compoundsand5 have

Because 1,4-pyz in the above reactions did not coor.dinateone bridging G=N and one terminal €N stretching vibra-
to any copper atom, we hoped that other strong donor ligandstion at 2160 and 2120 crh (4) and 2154 and 2126 cm 2,

such as pyridine (py) could work at least partly on copper
atoms and thus form other unique supramolecular frame-
works. Therefore, we simply dissolvdd in excess py and
a workup produced red prisms of 3D polymeric clustgP{(
CsMes)WS;Cus(u-CN)2(py)]. (3) in 70% yield (Scheme 2).

respectively. In addition, the IR spectra236 show bridging
WS stretching vibrations at 432)( 469 and 42473), 445
and 430 4), 428 ), and 428 cm? (6), respectively.
Crystal Structure of [Li {((5°-CsMes)WS;Cus(uz-Br)) »-
(u-CN)3} -CeHgl. (2). Compound? crystallizes in the orthor-

In this case, py served as both a solvent and a ligand, whichhombic space groupmem and the asymmetric unit contains
replaced part of the cyanides and bound to one copper atompne-quarter of the{[775-CsMes)WS;Cus(uz-Br)} 2(u-CN)s]

of la

Intriguingly, in a system ota/LiCl with excess py, a simi-
lar workup to that used in the isolation 8fformed a 1D
chain polymeric clustef,[PPh][(7°-CsMes)WS;CusCl(u-CN)-
(CN)]"py}= (4), as red platelets in 65% yield (Scheme 2).
As mentioned later in this paper, the"Gbn capped the void
of the incomplete j>-CsMes)WS;Clg] cubane-like core. The
py molecule in this case worked somewhat differently. It
did remove some cyanides &f but did not coordinate at
any Cu centers afaand was included only as a crystal sol-

vated molecule. This seems unusual because py has always
been observed to coordinate at copper sites of cyanide-

bridged clusters such as [W@3K(CN)(py)]w, {[MOOS;-

anion, one-quarter of a tiion, and one-quarter of a solvated
benzene molecule. As indicated by Figure 1, thg-[(s-
Mes)WS;Cug(us-Br)] fragment may be viewed as having a
distorted cubane-like structure in which one bromide fills
into the void of the [{5-CsMes)WS:;Cug] incomplete cube
of lawith three long Cu-Br distances (Table 2). The W(1),
Cu(1), Br(1), S(2), C(1), and C(4) atoms are lying on the

(22) Jiao, C. M.; Qiao, S. B.; Xu, Q. F.; Lang, J.@hin. J. Struct. Chem.
2004 23, 288.

(23) Lang, J. P.; Xu, Q. F.; Ji, W.; Elim, H. I.; Tatsumi, Eur. J. Inorg.

Chem 2004 86.

(24) Hou, H. W,; Zheng, H. G.; Ang, H. G,; Fan, Y.; Low, M. K. M.;
Zhu, Y.; Wang, W. L.; Xin, X. Q.; Jiang, W.; Wong, W. T. Chem.
Soc, Dalton Trans.1999 2953.
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Figure 1. Perspective view of a ff-CsMes)WSsCus(us—Br)(CN)g] core Figure 2. Perspective view of the repeating squarelike uni2.in
of 2 with 50% thermal ellipsoids. Only one of the two orientations of each

disordered cyanide is shown. All hydrogen atoms are omitted for clarity.

Symmetry transformations used to generate equivalent atoms:yA-z

+35Bx -y, -2+ 1, C—x Yy, —z+ %,

Table 2. Selected Bond Lengths (A) and Angles (deg)2of

W(1)-+-Cu(l) 2.661(4) W(1)-Cu(2) 2.677(3)
W(1)-+-Cu(2A) 2.677(3) W(1¥S(1) 2.284(6)
W(1)—S(1A) 2.284(6) W(1¥S(2) 2.300(8)
Cu(1)-S(1) 2.236(7) Cu(2)S(2) 2.249(6)
S(2)~Cu(2A) 2.249(6) Cu(1¥S(1A) 2.236(7)
Cu(2-S(1) 2.264(7) Cu(BBr(1) 2.887(7)
Cu(2)-Br(1) 2.788(5) Br(1)-Cu(2A) 2.788(5)
Cu(1)-C(7) 1.91(3) Cu(2}C(7A) 1.907(19)
C(7)-N(1C) 1.12(5) C(7A)-N(1B) 1.15(4)
S(1-W(1)-S(1A) 105.1(3)  S(BW(L)-S(2) 106.09(19)

S(1A-W(1)-S(2) 106.09(19) Cu(ly-W(1)-+Cu(2)  70.90(11)
Cu(ly-"W(1) --Cu(2A) 170.90(11) Cu(2)W(1)--Cu(2A) 72.02(13)

C(7)-Cu(1)-S(1A) 121.7(3)  C(7rCu(1y-S(1) 121.7(3) Figure 3. Perspective view of a portion of the 1D ladder-shaped chain of
S(1)-Cu(1)-S(1A) 108.4(4)  C(7rCu(1)-Br(l) 99.8(8) 2 extended along the axis.

S(1A)-Cu(1)-Br(1) 99.4(2)  S(LyCu(1)}-Br(1) 99.4(2)

C(7TA)-Cu(2)-S(2) 128.1(7)  C(7AYCu(2)-S(1) 113.8(6) :
S@2)-Cu(2)-5(1) 1085(3) C(7AYCU(2y-Br(l)  102.8(6) structure. The mean Wus-S bond length (2.289(6) R) is
S(2)-Cu(2)-Br(1) 96.62(19) S(1)}Cu(2)-Br(1) 101.7(2) elongated by 0.02 A compared with that of [RJty5-Cs-
Cu(2y-Br(1)-Cu(2A)  68.75(15) Cu(2AYBr(1)-Cu(l)  66.09(13) it
Cu@rBr(1)—cu(l) 66.0013) Cu(BSL)-Cu(2) 86.903) Mes)WS;] as a consequence of the coordlnatl'on of S atoms
Cu(1)y-S(1)-W(1) 72.1(2)  Cu(2rS(1-W(1) 72.11(19) to copper centers. The €C/N and Cu-N/C distances of
Cu(2)-S(2)-Cu(2A) 88.8(3)  Cu(2yS(2-W(1) 72.1(2) the bridging cyanide groups wary from 1.907(19) to 1.91-
Cu@Ar Sy W) - 721(2) - NABFCIA)I-Cu@) - 176(2) (3) A, which are close to those found inyfCsMes)WS;-

N(1C)—C(7)—Cu(1) 179.6(8)
Cw(PPh)(u-CN)]> (Cu—N/C = 1.939(7) A and CuCIN

same crystallographic plane. The oxidation states of the = 1.945(8) A¥* and [Cu(4-CNpy}-CN)].. (Cu—N/C =
tungsten and copper centerslia(+6 and+1, respectively) 1.907(2) A and CtrC/N = 1.999(2) A)% The Cu-C/N—
are retained ir2. The resulting W& us(us-Br) cube is closely N/C angles are in the range 176(2)79.6(8J.
related to those observed in a neutral clust®¥S;Cus(us- Interestingly, four [°-CsMes)WS;Cus(us-Br)] fragments
Br)} (PPh)sS-H;0,**and a cationic cluster,jf-CsMes)WSs- in 2 are linked via four cyanide bridges, forming a repeating
Cug(us-Br)(PPh)s](PFs).2° The three Cu atoms iamay be squarelike { (175-CsMes)WS;Cus(us-Br) (1i-CN)} 4] (u-CN)2~
viewed as having a nearly trigonal planar coordination with unit with a crystallographi€,, symmetry (Figure 2). Each
a fourth weak CuBr interaction. The W(%)-Cu separations  squarelike unit is further interconnected by another four
(2.661(4)-2.677(3) A) are close to those observed in clusters cyanides to form a 1D ladder-shaped anionic chain extending
containing trigonally coordinated Cu suches(2.668(2)- along the crystallographicaxis (Figure 3). The Ctu-CN—
2.701(2) A} and1b (2.649(1)-2.676(1) A)iaThe mean  Cu portions are almost linear. Alternatively, the¥Cs-
Cu—Br length of 2.821(7) A is longer than that found in Mes)WS;Cus(us-Br)] fragment in2 may be topologically
{WSsCus(ua-Br)} (PPh)sS'H,0 (2.761(1) A) and [¢°-Cs- considered as being a three-connecting node (b), which is
Mes)WS;Cus(us-Br)(PPhy)s](PFs) (2.713(1) A). The mean  Jinked to three equivalent nodes via €u-CN—Cu bridges
Cu—us-S bond length (2.249(7) A) is comparable to those to form this 1D chain polymer. The average chain-to-chain
reported in other trigonally coordinated Cu clusters such as separation is ca. 10.4 A, with th¢(f5-CsMes)WS;Cus(us-
1a(2.242(5) A) andlb (2.234(2) A). The [>-CsMes)WSg] - Br)}4(u-CN)s],2"~ anionic layers separated by-CsMes
anion of2 has a slightly distorted three-legged piano stool groups. Itis difficult to unambiguously identify lithium ions
25) (@) Lang, 3. P Zha, H. Z.. Xin. X. Q.. Chen, M. Q. Liu, K.. Zhen in a crystal structure, particularly in a unit cell that contains
Syt Chem1993 11, 21. (b) Yu, H.. Zhang, W. H.; Ren, 79" so many heavy atoms, and the peak located in the 4-fold

G.; Chen, J. X.;; Wang, C. L.; Lang, J. P.; Elim, H. I; Ji, \4.
Organomet. Cherr2005 690, 4027. (26) Kappenstein, C.; Hugel, R. lhorg. Chem.1977, 16, 250.
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Figure 5. (a) Perspective view of the interactions of a centrgP{Cs-
Mes)WS;Cug] core via four CN bridges i3 (left). Symmetry transforma-
tions used to generate equivalent atomsx A 1/, —y + 3/, —z+ 2; B

Figure 4. Perspective view of a repeating unit®fvith 50% probability X+ 1,y = Yo, =2+ 85 CX+ Yo, =y + 35, —z+2; D —x+ 1,y +

level thermal eII|pSO|d§. All hydrogen atoms are omitted for clarity. 1/, —z + 3/,. (b) Adamantane type unit within the network ®f(right).

Symmetry transformations used to generate equivalent atoms=—A/, The 75-CsMes and pyridyl groups are omitted for clarity.

=y + 3% —z+2;B-Xx+1,y— Y —z+ 3.

Table 3. Selected Bond Lengths (A) and Angles (deg)3of two uz-S aton;s)ﬁ Bicause of the changehin the coordination
geometries of the three copper atoms, the-@u contacts

W(1)-S(2) 2.256(2) W(1)rS(1) 2.272(2) .

W(1)-S(3) 2.283(2) W(L}-Cu(l) 2.6497(12) are also different: W(l)'CU(l) = 2.6497(12) A, W(l’)"

\év((li)_gtil(gk) f-;gg(ll(cl))Z) (\év((ll)_)gg)i*») g;ig%)ll) Cu(2)= 2.7421(12) A, and W(1)-Cu(3)= 2.7599(11) A,

u . u . - . . . .
Cu(1y-5(1) 2217(3)  Cu(yN(3) 2.024(9) which correlate with the number of bondlng interactions at
Cu(2)-N(1) 2.070(8) Cu(2rS(3) 2.267(3) Cu centers. The shorter W¢1)Cu(1) contact is comparable
Cu(2r-5(2) 2.281(2) Cu(3)C(17B) 1.962(9) i
CuB-NE) 50468 Cu3rS() 2.283(3) to those observed ida and 2, whereas the longer ones
Cu®-S(2) 2.287(2) N(2yC(16) 1.140(12) (W(1)---Cu(2) and W(1)-Cu(3)) are close to those in
g((g;:vcv((g) s 1015-%33?82) SEWL)-SE) 105.73(8) clusters containing tetrahedrally coordinated Cu, suchzs [(
S(I-W(1)-S(3)  10540(9)  Cu(B-W(1)}-Cu(2)  82.63(4) CsMes)WS;Culs (2.742(3)-2.761(3) Aj™ and [WSCus-
gtjl(éﬁ)vglzl)_c;g)) 152;(7)%4(13(;1) gtjl(ggvglzl)_cg((%) 12?.;??5;1) (dppm)](PFe)2 (2.764(1)-2.755(1) A)27 It is noted that the

—Cu . u . D oo 1 i
SELCUY-SM) | 10072(10)  N(3Cu@yNQ) 55.1(3) mean bond angle of CuW(1)---Cu in 3 is 82.83(4}, almost
N(3)—Cu(2)-S(3) 114.2(2) N(1)-Cu(2)-S(3) 117.8(2) 10° larger than that ofla. The Cu-us-S bond lengths also
gl((g);gtJ((ZZ)%—g((ZZ)) igg-g(z?z)g) '(\I:%g;(g)—(;ﬁ()z) 1131‘»27((5)) reflect the mode of coordination of copper atoms: an average
u . -Cu . .
C(17B)-Cu@y-8(1) 1131(3) N(2+Cu(3)-S(1) 104.5(2) of 2.215(3) A for a trigonal geqmetry and an average of
C(17B)-Cu(3)-S(2) 115.6(3) N(2)Cu(3)-S(2) 117.6(2) 2.280(3) A for a tetrahedral environment. We assigned the
S(1)-Cu(B-S(2)  104.60(9)  Cu(BHS(1)-W(1) 72.34(7) i
CUSOcu®)  10142(10) W(HSLCu(@) 74.60(7) atom coordinated at Cl_J(l) or Cu(3) to cark_)on and that b_ound
W(1)-S(2)-Cu(2) 7436(7)  W(L}S(2)-Cu(3) 74.81(7) to Cu(2) or Cu(3) to nitrogen, on the basis of peak heights
gug)%_gg)%_\?vtzg) 171§§f((§)0) CCU((Zlggg)tSvtz(S) 1;)‘!13-1225((81)0) on the Fourier map and bond lengths. The meas Cand

u . u . - . . .

Cu(1)y-C(16A)N(2A) 172.4(9) C(16AYN(2A)- Cu(3A) 168.4(8) Cu—N distances of the bndglng cyamde groups are 1.926-
Cu(2-N(3)-C(17)  164.1(9) N(3yC(17)-Cu(3D)  168.1(9) (9) and 2.035(8) A, respectively, which are close to those

_ o , , o found in KCu(CN)} (Cu—C/Cu—N = 1.919(3)/2.052 A2
axis was identified as being attributable to lithium ions. In - 54 Na[Cu(CNj]-2H.0 (Cu—C/Cu—N = 1.903(8)/1.992(8
addition, a solvated benzene molecule lies at the center OfA)_ZSb However, the possibility of a partial disorder of atoms

each squarelike unit; its four hydrogen atoms interact with ising from the opposite orientation of cyanide cannot be
four Br atoms of the squarelike unit to symmetrically form | ,1ad out in the structure &.

four C—H-++Br (3.54(4) A, 140.8) hydrogen bonds, which As shown in Figure 5a, the repeating unifiCsMes)WSs

may stabilize the whole ladder-shaped chain framework. c ; ; P .
Ww(u-CN)(py)] is coordinated by four bridging cyanide
Crystal Structure of [(#7°>-CsMes)WS:Cus(u-CN)a(py)]-» groups, which link four crystallographically equivalent

(3). Compounds crystallizes in orthorhombic space group clusters that lie at the corners of a very distorted tetrahedron.

P2,2,2;, and th(se asymmetric unit contains one discrete From a topological perspective, each clustef-ILsMes)WSs-
molecule of [(>-CsMes)WSsCls(u-CN)(py)]. Figure 4 1 ore serves as a tetrahedral node (c), to form a single

shows the perspective view of the repeating uniBoand 543 mantine type unit (Figure 5b), which is interconnected
Table 3 lists selected bond Iengths_ and angle_szfoThe via 4-CN anions to form a 3D network (Figure 6). Such a
tungsten and copper centers3ragain kept theirt6 and  3p g4yicture is unprecedented in thiometalate chemistry. It

+1 oxidation states ida Although the repeating units(- should be noted that the pyridyl groups coordinated at Cu-
CsMes)WS:Cs(u-CN)(py)] assumes an incomplete cubane- 5y centers and the bulkys-CsMes groups on W(1) atoms
like [(7°-CsMes)WSCug] core structure similar to that of

13, its three Cu centers have different coordination environ- (27 (a) Lang, J. P.; Kawaguchi, H.; Tatsumi, K. Organomet. Chem.

ments. Cu(l) remains in a trigonal planar coordination éggg 509, 109. (b) Lang, J. P.; Tatsumi, Knorg. Chem 199§ 37,
geometry, whereas Cu(2) (or Cu(3)) is tetrahedrally bound (28) (a) Cromer, D. TJ. Phys. Chemi1957 61, 1388. (b) Kappenstein,
by two us-S and two C atoms (or one N(py), one C, and C.; Hugel, R. PInorg. Chem.1977, 16, 250.
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Table 4. Selected Bond Lengths (A) and Angles (deg)of

W(1)—-S(1) 2.265(4) W(1)S(3) 2.277(4)

W(1)-S(2) 2.277(4)  W(1}-Cu(2) 2.679(2)

W(1)-+-Cu(1) 2.697(2) W(1}-Cu(3) 2.699(2)

Cu(1)-C(1) 1.868(14) Cu(BS(@3) 2.265(4)

Cu(1)-S(1) 2.268(5) Cu(BCl(1) 2.648(4)

Cu(2)-C(2) 1.943(2) Cu(2¥s@) 2.239(5)

Cu(2-s(2) 2.241(5) Cu(3}N(1A) 1.947(17)
Cu(3)-5(2) 2.267(4) Cu(3)S(3) 2.282(4)

Cu(3)-Cl(1) 2.613(4) Cu(2xCl(1) 2.952(8)

C(1)-N(1) 1.138(19) C(N(2) 1.08(2)

S(1)-W(1)—S(3) 105.82(15) S(HW(1)—S(2) 105.64(15)
S(3)-W(1)—S(2) 106.47(14) Cu()yW(1)---Cu(2) 71.87(7)

) ) . ) . ) Cu(2y--W(1)---Cu(3) 72.92(7) Cu(2)-W(1)---Cu(3) 70.39(6)
Figure 6. Unit-cell packing diagram o8 looking down thea axis. All C(1)-Cu(1)-S(3) 126.0(5) C(HCu(1)-S(1) 114.4(5)
hydrogen atoms are omitted for clarity. S(3-Cu(1)-S(1) 106.11(16) C(BHCu(1)-Cl(1) 106.6(5)

S(3)-Cu(1)-CI(1) 96.47(14)  S(L)yCu(1)-ClI(1) 103.60(16)
C(2)-Cu(2)-S(1) 122.3(6) C(2yCu(2y-S(2) 122.3(6)

S(1)-Cu(2)-S(2) 107.77(16) N(1AYCu(3y-S(2) 115.0(5)

N(1A)—Cu(3)-S(3) 125.7(4) S(2)Cu(3)-S(3) 106.63(15)
N(1A)—Cu(3)-CI(1) 106.5(5) S(2)Cu(3)-CI(1) 101.80(15)
S(3)-Cu(3)-CI(1) 97.03(14) Cu(2yS(1)-W(1) 72.98(13)
Cu(2)-S(1)-Cu(1) 88.84(16) W(L)S(1)y-Cu(1) 73.02(12)
Cu(2)-S(2)-Cu(3) 90.28(16) Cu(2)S(2)-W(1) 72.72(13)
Cu(3)-S(2)-W(1) 72.87(12) Cu(ZyS(3)-W(1) 72.86(12)
Cu(1)-S(3)-Cu(3) 86.32(15) W(L)S(3)-Cu(3) 72.61(12)

. . . ) . . Cu(3)-CI(1)—Cu(1)  72.47(10) N(ZyC(1)-Cu(1) 177.0(15)
Figure 7. Perspective view of a portion of the 1D zigzag chain (extended 7 ~ .
along thec axis) of4. All hydrogen atoms are omitted for clarity. Symmetry N(2)~C2)~Cu) 178(2) CrN@)~Cu(3B)  175.6(14)
transformations used to generate equivalent atoms; Ay + 3/, z — /5;

B —x, —y+ %, 2+ and Cu(3)) to a nearly trigonal planar coordination (Cu(2))

with a long Cu(2)-Cl(1) interaction. Because of the dif-

occupy the resulting adamantine cavities, thereby preventing’€rént coordination geometries of the copper atoms, the
interpenetration of networks. The Eu-CN—Cu bridgesin ~ W(1)-*Cu(2) separation (2.679(2) A) is somewhat shorter
3 are somewhat bent, with CUAT(16A)—N(2A), C(16A)- than thg mean value of the W(i-)C_:u(l) and W(1)--Cu(3)
N(2A)—Cu(3A), Cu(2)-N(3)—C(17), and N(3}-C(17)-Cu- separations (2.698(2) A)._Thg various-Gus-S bond lengths
(3D) angles of 172.4(9), 168.4(8), 164.1(9), and 168°1(9) show the different coordination modes of the three copper

respectively. This is probably due to the demand of the &toms ind: an average of 2.240(5) A for a trigonal geometry
formation of the diamond-related framework 3n and an average of 2.271(5) A for a tetrahedral environment.

The mean CuCl length of 2.738(4) A is ca. 0.1 A longer
Crystal Structure of {[PPhy][(7°>-CsMes)WS;Cus(us- X -

CI)(CN)(1-CN)]-py} = (4). Compound4 crystallizes in the  than those_observed '2 [WESW(PPh)s(us-Cl)] (E = O,
monoclinic space grouf2i/c, and the asymmetric unit ) (CUu~Cl = 2.635(2) A). The Ctru-CN—Cu portions in
contains one discrete 7j{-CsMes)WSsCs(ia-CI)(CN) (- 4 are almost linear, wnh the Cu(%)\l(l)—C_(l) and N(l%
CN)]~ anion, one [PPfi* cation, and one solvated pyridine C(1)~CU(3B) angles being close to 18G\gain, we assigned
molecule. An X-ray analysis revealed thathas a one- the atom coordinated at Cu(3) to carbon and that bound to
dimensional zigzag anionic chain, which is composed of the CU(1) to nitrogen, on the basis of peak heights on the Fourier
repeating [5-CsMes)WSsCls(us—CI)(CN)] units and is ~ Map and bond lengths. The Cufi}(1) and Cu(3yN(1A)
stacked along the crystallographicaxis via Cu-u-CN— distances of the bridging cyanide groupiri.868(14) and

Cu bridges (Figure 7). The anionic chains are separated byt-947(17) A, are slightly shorter than those of the corre-

[PPh]* cations and pyridine solvent molecules, and no sponding ones . 5
hydrogen bonding interaction exists among the chain and  CryStal Structure of [PPha]o[(5°CeMes)WSsCus(CN)ol-

the pheny! or pyridine hydrogens. Topologically, thesf(  #"CN)z1(4.4-bipy) (5). Crystal5 crystallizes in the triclinic
CsMes)WS:Cu] core in4 acts as a two-connecting node (d). space groufPl, and the asymmetric unit conS|st.s qf one-
The [(75-CsMes)WSsCis(ua-Cl)(CN)] unit may be viewed ~ nalf of a{[(i*-CsMes)WS:Cus(CN)Jo(u-CN);} 2~ dianion,

as having a severely distorted cubane-like structure in which OQe [Pphh]+ cation, .and one ?:ﬁ)ipy_ mplecule. Figu:e 8
one chloride fills into the void of the incomplete cubelgf ~ S'OWS the perspective view of the dianiorbpind Table 5

with one long and two short GtCl distances (Cu(H)CI- lists selected bond lengths and anglgs. Compcmmm;ists
2.613(4) A) (Table 4). The resultings[{-CsMes)WSsCus- via a pair of Cu-u-CN—Cu bridges, forming a double,

(us-Cl)] cube is closely related to those of neutral clusters incomple_te cuk_)ane-_like structure with a crystallographic
[WES:Cus(PPh)s(u-Cl)] (E = O, S)?° The three Cu atoms center of inversion lying at the center of the W(1) and W(1A)

in 4 are not equivalent and their coordination varia- ne- Topologically, each {f-CsMes)WS,Cug] core in5 acts

bility ranges from a strongly distorted tetrahedron (Cu(1) mono-connecting node (node (€) in Scheme 1). The
y ) iad (Cu®) structure is closely related to thatd with some differences.

(29) Miiler, A.; Bbgge, H.; Schimanski, Unorg. Chim. Actal983 69, In 1a, the two [(7>-CsMes) WS,Cus(CN)q] ~ anions are weakly
. bridged via pairs of Ctu-CN—Cu bridges (CtC/N =
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Figure 8. Perspective view of thf](17°5-CsMes)WS;Cus(CN)]2(u-CN)2} 2~
dianions along with the sandwiched 4ppy molecule in5. All hydrogen
atoms are omitted for clarity. Symmetry transformations used to generate
equivalent atoms: A-x+2,-y+1,—z+ 1.

Table 5. Selected Bond Lengths (A) and Angled 6f 5

W(1)-S(2) 2.266(2)  W(1)¥S(1) 2.269(2)
W(1)-S(3) 2.293(2)  W(1}-Cu(2) 2.6562(14)

W(1):+-Cu(3) 2.6714(13) W(%)-Cu(1) 2.7683(15)

Cu(1)-C(1) 1.930(10) Cu(1)yN(3A) 2.111(8)

Cu(1)-S(2) 2.277(3)  Cu(1yS(1) 2.319(3) Figure 9. Perspective view of the repeating unit®fAll hydrogen atoms
Cu(2y-C(2) 1.868(11) Cu(2yS(2) 2.219(3) and E$O solvated molecules are omitted for clarity. Symmetry transforma-
Cu(2)-S(3) 2.233(3)  Cu(3)C(3) 1.884(9) tions used to generate equivalent atoms=% —y + 1, —z+ 1; B —x +
Cu(3-S(1) 2.229(3) Cu(3)}S(3) 2.233(3) Uy + U, 2

N(3)—Cu(1A) 2.111(8) C(1¥N(1) 1.133(4) : '

C(2)-N(2) 1.163(15) C(3yN(3) 1.155(12)

S(-W(1)-S(1)  104.73(9) S(@AW()-S(3)  105.58(9)
S(L-W(1)-S(3)  105.61(9)  Cu(2)-W(1)--Cu(3) 76.72(5)
Cu(2y--W(1)y--Cu(l) 69.25(4)  Cu(3)-W(L)--Cu(l) 72.68(5)
C()-Cu(1)-N(3A) 111.2(4)  C(1}Cu(1)-S(2)  110.2(3)

N(3A)-Cu(1)-S(2) 113.6(3)  C(IFCu(l)-S(1)  116.3(3)

N(3A)-Cu(1)-S(1) 102.4(2)  S(2}Cu(1)}-S(1)  102.80(10)
C(2-Cu(2-S(2) 120.4(4)  C(2)Cu(2)-S(3)  129.7(4)

S(2)-Cu(2-S(3)  109.24(10) C(3)Cu(3)-S(1)  126.9(3)

C(@3)-Cu(3-S(3) 123.9(3)  S(BCu(3-S(@3)  109.09(9)
Cu(B)-S(1-W(1) 72.87(8) Cu(3S(1-Cu(l)  90.31(9)
W(1)-S(1)-Cu(l)  74.22(8) Cu(ZS(r-W(1)  72.63(8)
Cu(2-S(2-Cu(l) 86.59(9) W(IFS(2-Cu(l)  75.09(8)
Cu(B-S(3-Cu(2) 9550(11) Cu(3)S(3-W(1)  72.34(8)
Cu(2-S(3B»-W(1) 71.85(8) N()}C(1)-Cu(l) 177.8(10)
N(2)-C(2)-Cu(2) 176.2(12)  C(3AYN(3A)—Cu(1) 155.1(8)

N(3)-C(3)-Cu(3) 171.7(9)

2.44(3) A); the two Cu centers are trigonal planar, whereas
the third one is pseudo-tetrahedral. 3n the two cluster Figure 10. Extended structure @ looking down thec axis. All hydrogen
anions are tightly connected by the two €u-CN—Cu atoms and ED solvated molecules are omitted for clarity.
bridges, as the Cu(3)C(3) or Cu(1A)-N(3) bond lengths  consists of repeating dimericf{-CsMes)WS;CusBr(4,4-
are much shorter, amounting to 1.884(9) and 2.111(8) A, ppy)L, units (Figure 9), which are further interconnected by
respectively. Thus, Cu(1) adopts a distorted tetrahedral foyr Cu—u-Br—Cu bridges to form a 2D brick-wall layer
geometry, with bond angles of 102.4{2)16.3(3} around  extending along theb plane (Figure 10). The layers are
Cu(1). The W(1)-Cu contacts of5 change accordingly:  squeezed with EO solvent molecules (see the Supporting
W(1)-+-Cu(l)= 2.7683(15) A, W(1)+Cu(2)= 2.6557(14)  |nformation), and no evident interactions between layers and
A, and W(1)-+Cu(3)= 2.6715(13) A. The long W(2)-Cu- the ExO molecules exist. Each brick-like cavity is estimated
(1) contact is close to those of the corresponding oné of o have dimensions of 11.2 & 11.5 A and is occupied by
whereas the two short W(2)Cu ones are similar to those  two [(175-CsMes)WS:CusBr] fragments from two other dimers.
of the corresponding ones bhand2—4. The Cu-us-Sand  Each dimer is centrosymmetrically related and consists of
terminal Cu-C lengths are normal compared to those of the two [(175-CsMes)WS;CusBr] fragments connected by a pair
corresponding ones ibha and 2—4. Interestingly, the 4,4 of parallel 4,4bpy bridges. The resulting narrow mesh is
bipy molecule in the crystal 05 does not coordinate at estimated to have a size of 3.5 & 11.2 A. The core
copper centers but is sandwiched between the two clusterstructure of each [f-CsMes)WS;CusBr] fragment closely
dianions with evidentz—z interactions (3.616(14) A)  resembles that ofb. Of the three copper atoms, Cu(l) is
between each pyridyl group and its neangsCsMes group,  three-coordinated by one terminal Br and tweS atoms
thereby affording chains of cluster dianion/4bipy units and the W(1)--Cu(1) contact is relatively short (2.625(3)
running along thec axis (see the Supporting Information).  A) (Table 6). On the other hand, Cu(2) and Cu(3) are
Crystal Structure of {[(°>CsMes)WS;CusBr(u-Br)(4,4'- tetrahedrally coordinatedyba N atom (4,4bipy), a u-Br
bpy)]-Et.0}. (6). Compounds crystallizes in orthorhombic ~ atom, and twaqus-S atoms and the W(4}Cu interactions
space grouPbcn and the asymmetric unit contains a neutral are slightly weaker (2.697(3) and 2.705(3) A). Topologically,
molecule, [{5-CsMes)WS;CusBr(u-Br)(4,4-bpy)], and a each [(®>-CsMes)WS:Cug] core in 6 serves as a three-
solvated E{O molecule. An X-ray analysis revealed tiat  connecting node (node fin Scheme 1). Thg{CsMes)WS;-
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Table 6. Selected Bond Lengths (A) and Angles (deg)éof

W(1)-S(2 2.272(5) W(1}S(3) 2.284(5)
W(1)—S(1) 2.284(6) W(1}-Cu() 2.625(3)
W(1)--Cu(2) 2.697(3) W(1}-Cu(3) 2.705(3)
Cu(1)-S(1) 2.209(7) Cu(BS(3) 2.217(6)
Cu(1)-Br(1) 2.279(4) Cu(2N(2A) 1.998(17)
Cu(2y-s@) 2.240(6) Cu(2}S(2) 2.242(6)
Cu(2)-Br(2B) 2.501(4) Cu(3¥N(1) 2.030(15)
Cu(3)-S(3) 2.242(6) Cu(3)}S(2) 2.250(6)
Cu(3)-Br(2) 2.516(4) N(2)>-Cu(2A) 1.998(17)
S(2-W(1)-S(3) 105.40(19) S(AW(1)—S(1) 105.5(2)
S(3)-W(1)-S(1) 105.6(2)  Cu(})"W(1)--Cu(2) 77.52(9)
Cu(ly-W(1)+-Cu@)  75.72(9) Cu(2)-W(1)---Cu(3) 80.38(8)
S(1)-Cu(1)-S(3) 110.6(2)  S(BCu(l)}-Br(l)  123.8(2)

S(3-Cu(l-Br(l)  1255(2) N(2AXCu(2}-S(1) 117.5(6)
N(2A)-Cu(2)-S(2)  112.6(6) S(HCu2-S(2)  108.0(2)
N(2A)—Cu(2)-Br(2B) 103.2(6)  S(1}Cu(2)-Br(2B) 109.8(2)
S(2)-Cu(2-Br(2B) = 104.85(18) N(1}Cu(3)-S(3)  118.8(6)
N(1)—Cu(3)-S(2) 115.7(5)  S(3YCu(3)-S(2)  107.6(2)
N(1)—Cu(3)-Br(2) 99.6(5) S(3}Cu(3)-Br(2)  109.66(18)
S(2)-Cu(3-Br(2)  104.10(19) Cu(2G)r(2)-Cu(3) 106.38(13)
Cu(1)-S(1)-Cu(2) 97.02) Cu(ySAr-W()  71.5(2)

Cu(2)-S(1)-W(1) 73.18(19) Cu(2yS(2)-Cu(3) 101.8(2)
Cu(2)-S(2-W(1) 73.36(17) Cu(3yS(2-W(l)  73.47(16)
Cu(1)-S(3)-Cu(3) 94.4(2) Cu(1yS(EB-W(1)  71.35(17)
Cu(3)-S(3)-W(1) 73.41(17)

CuwBr] fragments are interconnected pyBr at Cu(3) and
Cu(2B), forming 1D zigzag chains extending along the
axis, where the orientation of thenftCsMes)WS;CusBr]
fragment is alternating. Alternatively, the 2D brick-wall layer
structure of6 can be viewed as being built of#f{-Cs-
Mes)WS;CusBr(u-Br)] chains linked by pairs of parallel 4;4
bpy bridges along tha axis. Within the chain, the Cu(3)
Br(2)—Cu(2C) (~x + Y5, y — %5, 2) bond angle is 106.4(2)
and the two bond lengths (Cu(3)-Br(2), 2.516(4) A; Cu-
(2C)—u-Br(2), 2.501(4) A) are slightly longer than those of
[Et4N]2[CuzBr4] (2448 A)?Oa and [PF4N]4[CU4BI’6] (2398
A).3%The average Ctus-S and Cu-N (4,4-bipy) distances
are normal.

Conclusions

The construction of interesting polydimensional supramo-
lecular array2—6 from reactions of the preformed cluster
laor 1b with 1,4-pyz, py, and 4,4bipy has been investi-
gated. In these compounds, the*CsMes)WS;Cug] cluster

Xu et al. Xu et al.

producing unique topological 7f-CsMes)WS;Cug]-based
architectures. Compouritdisplays a 1D ladder-shaped chain
of squarelike {[(#7°-CsMes)WS;CusBrr(1-CN)]a} (u-CN)2~
anions linked by Cuu-CN—Cu bridges. Compound
consists of a single diamondlike 3D network in which each
incomplete cubane-likeyf-CsMes)WS;Cug unit, serving as

a tetrahedral node, interconnects with four other nearby units
by Cu—u-CN—Cu bridges. This structure, along with the
existence of such a tetrahedral node, is rare in the cluster-
based supramolecular compounds. Compofiedntains a

1D zigzag chain structure made of the cubane-liké-{{s-
Mes)WS;CusCl(u-CN)(CN)]~ anions linked by Ctru-CN—

Cu bridges. Compouné contains a dimeric structure in
which the two incomplete cubane-likenfCsMes)WSs-
(CuCN)(u-CN)]~ anions are strongly held together via a
pair of Cu—u-CN—Cu bridges and— interactions between
each pyridyl group of 4/4bipy and its neares®>-CsMes
group. Compound contains a neutral 2D brick-wall layer
structure in which dimers of {f-CsMes)WS;CusBr(4,4 -
bipy)], are linked via four Cuu-Br—Cu bridges. These
interesting structures, along with the supramolecular cube
reported previously® make la or 1b very promising
precursors for the rational design and construction of cluster-
based supramolecular compounds. We are currently extend-
ing this work by investigating the assembly of newSH
CsMes)WS;Cus)-based networks from reactions béor 1b

with other multitopic ligands such as 2,4,6-tri-4-pyridyl-1,3,5-
triazine and 5,10-15,20-tetra(4-pyridyl)-21H,23H-porphine.
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