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Synthesis and Characterization of Table 1. Crystallographic Data for (&N){M0oS,CuycCli7]

(EtsN)4[M0S4Cu1oCl12): A Polynuclear formula GHsNsMOCUoSCli,  Z 8
Molybdenum—Copper Cluster Containing a Ewace o éggg-% cha;g gem? %9%3
Central Tetrahedral MoS, Encapsulated by a',OA gruiop 24.017(7) Pt 4252
Octahedral Cug and Tetrahedral Cu, Arrays b, A 43.146(15) A, A(MoKa) 0.71069
c, A 12.011(7) Re 0.086
v, A3 12 446.2 Ri? 0.085
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Mo 0.5000(0)  0.0000(0)  0.5000(0) 2.22(8)

Receied August 30, 1994 Cu(l)  0.0000(0)  0.0000(00)  0.2262(4) 3.8(1)

Cu(?)  0.0000(00)  0.0628(1)  0.0000(0) 3.8(1)

Introduction cu(3) 0.1123(2) 0.0000(0) 0.0000(0) 3.7()

Cu(4) 0.1569(2) 0.2004(1) 0.4353(4) 5.7(1)

Thiometalates [Mg2~ (M = Mo, W) act as multidentate Cl(1) ~ 0.1904(2) ~ 0.2211(1)  0.5986(5) 6.5(1)

ligands to react with a wide variety of metal ions or neutral g:% 8'%%2% 853%3 8'2222&% g'ggg

molecules to form various types of complexes, particularly with g 0.4468(3)  0.0301(2)  0.3919(6) 2.1(1)

CuL (L = ClI, Br, |, Rudtc, etc.), which led to a large number N(1) 0.2500(0) 0.0568(9) 0.2500(0) 3.7(9)

of complexes by successive addition across six edges of a N(2) 0.2500(0) 0.1251(7) 0.7500(0) 2.5(7)
MS, tetrahedron, such as [MSuL]?",! [MS4(CuL)]? 2 C(1) 0.215(2) 0.041(1) 0.344(4) 14(2)
MS(CUF S MSKCubet | MSCu SO Oleh  orey o) s
[MS4(CUL)GL3]5_.6 Up to now, [MSl(CUL)GLg]S_ is deemed C(4) 0335(2) 0046(1) 0364(3) 7(1)
the ultimate step of the addition of CuL to thiomolybdate.  ¢(5) 0.001(2) 0.107(1) 0.399(5) 13(2)
As a part of our interest in MCu—S system, we have C(6) 0.055(2) 0.0835(8) 0.385(4) 7(2)
successively isolated and characterized a series of com- C(7) 0.204(3) 0.110(1) 0.727(5) 8(1)
c(8) 0.202(2) 0.0847(9) 0.623(4) 7(2)

pounds [MS(CuRdtc)]?-,32:30 [M,CusSg(Rodtc)]?~,” and
[M2CusSsE2(Rodtc)s]?~ (M = Mo, W; E= S, 0)8 In this note aValues for anisotropically refined atoms are given in the form of
we report the synthesis and structural characterization of the isotropic equivalent thermal parameter, defineBegs= ¥/s[a?B(1,1)
(EtaN)4[M0S,CuiCli2], a novel polynuclear MeCu cluster  + 0°B(2,2)+ ¢?B(3,3) + ab(cosy)B(1,2) + ac(cos3)B(1,3) + be(cos
consisting of a tetrahedral Mg8ore encapsulated by octahedral @)B(2,3)]-

Cus and tetrahedral Cuarrays of Cu(l) atoms and representing  Tapje 3. Selected Bond Distances (A) and Angles (deg) for

a further addition of CuCl to [MofLusClg]*~. (EuN)4[MOS,CuiClas]
, , Mo—Cu(1) 2.717(5) Cu(#yCi(1) 2.302(7)
Experimental Section Mo—Cu(2) 2.711(6)  Cu#Cl(2)  2.335(7)
(NH4)2[M0S,] was prepared according to literature methddst,- Mo—Cu(3) 2.697(5) Cu(4)CI(3) 2.324(8)
NCI and CuCl were purchased from Beijing Hongxin Huagong Chang..  Mo—S 2.238(7) Cu(LyS 2.309(8)
hem e H
(1) Acott, S. R.; Garner, C. D.; Nicholson, J. R.; Clegg, % Chem u ' u :
Soc, Dalton Trans 1983 713. Cu(3)-CI(3) 2.372(7)
2) (a) Muler, A.; Dartmann, M.; Romer, C.; Legg, W.; Sheldrich, G. . ,
27 Angow Chem, Int. Ed Engl 1061 20, 1060, (5) Miler. A~ Cu(-Mo—Cu()  180.01(7) CI2yCu@-s'  111.2(2)
% ; gL 1981 20 (b) Muer, A Cu(1)-Mo—Cu(2 90.01(3) SCu(2)-S"’ 104.5(3
Bogge, H.; Schimanski, Unorg. Chem Acta 1983 69, 5. (c) Jin, u(1)-Mo—Cu(2) 01(3) u(2)- ! 5(3)
X.; Tang, K.; Tong, L.; Tang, YZiran Zazhi1984 7, 314. (d) Cao, Cu(1)-Mo—Cu(3) 90.01(2) CI(3rCu(3)-CI(3) 101.8(3)
R.; Lei, X. J.; Hong, M. C.; Huang, Z. Y.; Liu, H. Qliegou Huaxue Cu(2)-Mo—Cu(2)  180.01(2) CI(3)-Cu(3)-S 111.3(2)
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C.; Liu, H. Q.Inorg. Chim Acta199Q 169 25. (c) Manoli, C.; Potvin, S—Mo—-5" 110.4(2) CI(1>Cu(4)-CI(3) 121.2(4)
C.; Seheresse, FJ. Chem Soc, Chem Commun 1982 1159. (d) S—Mo—S* 109.1(3) Cl(2Cu(4)-Cl(3) 116.2(3)
Garner, C. D.; Nicholson, J. RActa Crystallogr, Sect C 1983 39, _ ! _
%54 g—:g Eggvin, C.; Manoli, J. M.; 8bkeresse, Anorg. Chim Acta g:gg_gﬂg)):gl(l) :;'2_355((3;)) %ld((gg:gg_gﬂgjg gigg;
83 L19. = . . C(D-Cu(1-S  109.8(2) Cu(3yCI(3)-Cu(4) 83.3(2)
(4) (a) Nicholson, J. R.; Flood, A. C.; Garner, C. D.; Clegg,JMChem
Soc, Chem Commun 1983 1179. (b) Clegg, W.; Scattergood, C. S Cu(1)-S ! 104.2(3)  Mo-S—Cu(l) 73.4(2)
D., Garner, C. DActa Crystallogr 1987, 43, 786. (c) Seheresse, Cl(2~Cu(2)-CI(2) 107.5(3) Mo-S—Cu(2) 73.3(2)
F.; Bernes, S.; Robert, F.; Jeannin, ¥ .Chem Soc, Dalton Trans Cl(2)—Cu(2)-S 111.3(2) Me-S—Cu(3) 72.5(2)

1991, 2875.
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Dalton Trans 1991, 2875.
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1993 11, 40.
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DMSO and acac solvents were dried before use. Elemental analyses
were performed by the Analytical Chemistry Group of this institute.

Preparation of (EtsN)sMoSsCu;oCliz. (NH4)[MoS4] (0.51 g, 2
mmol), EtNCI (1.32 g, 8 mmol), and CuCl (2.0 g, 20 mmol) were
dissolved in 50 mL of acac/DMSO (v/s 1:4). After the reaction

mixture was stirred for 24 h at room temperature, the deep red solution
was filtered. The dark-red crystalline product of the title compound
was obtained from the filtrate left in air at ambient temperature for
weeks. The product was filtered and washed witlOtand acetone,
affording 1.65 g of the title compound (46%). IR (KBr) (cCHt EtNT,

Inorg. Chem 1989 28, 4303. (b) Liu, H. Q.; Cao, R; Lei, X. J;;
Wu, D. X.; Wei, Hong, M. C.; G. W.; Kang, B. Sl. Chem Soc,
Dalton Trans 199Q 1023.

(9) Mcdonald, J. W.; Frisen, G. D.; Rosenhei, L. D.; Newton, Wnérg.
Chim Acta 1983 72, 205.
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Figure 3. Mo NMR spectra of (a) Mo%~ (2175 ppm) and (b)
[MoCu0S,Cl1*~ (505 ppm) in DMSO (Na&MoO, as standard).

(c)

(b)

Figure 2. Schematic view of the MoGu core formed by a central
Mo, an octahedral Guand a tetrahedral Gu

3000 (s), 1460 (s), 1191 (s), 800 (s); MpR34 (s). **Mo NMR
(DMSO) (ppm): 507. Anal. Calcd for £HsoN4sMoCuioS,Cliz: C,
21.26; H, 4.43; N, 3.10. Found: C, 21.48; H, 4.20; N, 3.26.
Instrumentation. °*Mo NMR spectra were recorded on a Varian
Unity-500 spectrometer. DMSO was used as solvent and/iN@,

as standard. IR spectra were measured on a Digilab 20E/D spectro- (a)
photometer.

Structure Determination. Suitable crystals for X-ray crystal-
lographic examination were recrystallized from DMSO/THF. Deter- 1400 1200 1000 800 600 400 200 0 PPMm

mination of cell constants and data collection were carried out at room Figure 4. Dynamic®Mo NMR spectra for the reaction of Mg

temperature on a Rigaku AFC5R four-circle diffractometer with Mo ;¢ cclin DMSO/acac: (a) M5 and CuClin a ratio of 1:10 (1261
Ko radiation in the range 2 20 < 46°. A total of 3003 reflections 1073 and 516 ppm); (b) mixture-& acac after 0.5 h (1104, 914, and

were collected. Intensity data (1009 reflections with 3o (1)) used 514 ppm); (c) mixture a- acac after 12 h (513 ppm) (MdoO; as
for structure determination and refinement were corrected for empirical standard).

absorption ¢-scan) and Lorentzpolarization effects. All calculations
were performed on a VAX 11/785 computer with SDP program ratio of starting materials play important roles in the Mou—S
package. The structure was solved by direct methods. Full-matrix reaction system, for instance, a ratio of M&S CuCl = 1:3
least-squares refinement with anisotropic thermal parameters for allin CHzCN affords [MoSCuwsClz]2~ and [MoSCusClo]>, re-
non-hydrogen atoms led to convergence. The crystallographic data arespectively3-® while a ratio of 1:4 in (CH),CO or CHClI, gives
listed in Table 1, and the atomic coordinates and thermal parameters|\MoS,CuCls?~.4 For our reaction, a ratio of 1:10 in acac/
are given in Table 2 The selected bond distances and angles are inp\so yields the title compound.
Table 3. The structure of anion [MaEuoCli2]4", as shown in Figure
1, possesses a crystallograpbicand pseudd- symmetry. The
) ) inner core is formed of a central Me&trahedron encapsulated
The reaction of (N)2[MoS,], ELNCI and CuCl in acac/  py six copper atoms across the edges of areBahedron, quite
DMSO gives rise to (EN)JMoS,CuCly3). similar to that of the [MoSCusClg]5~ anion® The central Mo$
retains the ideal geometry of free thiomolybdate, and the six
(NH,),MoS, + 4E{,NCI + 10CuCl~= copper atoms form a regular octahedral array. Then further
(Et,N),[MoS,Cu,Cl,,] + 2NH,CI addition of the other four copper atoms to [M&3] in a
tetrahedral array by CuCl—Cu bonding from four of the eight
Compared with other MoCu—S complexes, the solvent and Cu; faces of the Cgioctahedron led to the title compound. The

Results and Discussion
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six copper atoms in the octahedral array are each in a slightly The %Mo NMR technique was used to monitor the reac-

distorted tetrahedral environment formed by two sulfur atoms tion process of Mo~ and CuCl in DMSO. The anion

from MoS, and two bridge chlorides, while four copper atoms  [MoSsCuChj]*~ and starting material Ma®~ have resonance

of the tetrahedral array are each in a triangular environment peaks at 507 and 2175 ppm, respectively (Figure 3). The

formed by three chlorine atoms. It also can been described thatresonance peak at 2175 ppm disappeared and three other peaks

the four copper atoms in Garray are added from the directions  at 1261, 1073, and 516 ppm were observed after fo®as

of four faces of 3 tetrahedron, while the six copper atoms of mixed with CuCl in 10-fold excess (Figure 4a). By addition

Cus array are bound across the six edges of the®ahedron. of acac, the first two, induced by [MaSwClj2~ and

A drawing of MoCuo is shown in Figure 2. [MoS,CuCls]>~ specied? gradually disappeared, while the third
The four Mo-S distances in the title compound are equal to gne, assigned to [MaSuCiz]*, heightened with time (Figure

2.238(7) A, which is slightly longer than the average value of 4b), and finally only resonance peak at 513 ppm was observed

2.177(6) A'in (EiN);M0S,.1° S—Mo—S angles, ranging from (Figure 4c).

108.9(2) to 110.4(2)with an average value of 109.4(2)are

compatible to that of 109.47(37or (EuN)MoS,. The average Acknowledgment. We gratefully acknowledge the National

angles of SCu—S and S-Cu—Cl are 104.5(3) and 112.1(3) ~ Natural Science Foundation of China for financial support.
respectively. There are two sets ofQu—Cl angles: one is

Cl—Cu(1,2,3)-Cl, ranging from 101.5(3) to 107.5(3yvith an Supporting Information Available: Tables listing crystallographic
average value of 104.5(3)the other is C+Cu(4)-Cl with an data, positional and thermal parameters, and significant bond distances
average value of 119.3(3) The IR spectrum shows that four —and angles for [Mo&uCli* (5 pages). Ordering information is
identicalvyo—s stretching modes at 434 crh) smaller than that ~ given on any current masthead page.

(472 cnrt) of (NH4)MoS,,* indicating that the regular atomic  |~g410304

arrangement on the periphery of the cluster does not result in

Iowenng of symmetry OT the Maunit and that Me-S bonds (11) Mdiler, A.; Diemann, E.; Jostes, R.;"Bge, H.Angew Chem, Int.

are weakened by bonding copper atoms. Ed Engl 1981 20, 934.
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