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Heterobimetallic Clusters of Copper(l) with Trithiotungstate and Trithiomolybdate.
Synthesis and Characterization of the Octanuclear Clusters [EN]4M 4CusS;204] (M
W) and the Dodecanuclear Clusters [MCusS;204(CuTMEN) 4] (M = Mo, W; TMEN
N,N,N’,N'-Tetramethylethylenediamine)
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Synthetic methods for [EN] W 4CusS;204] (1), [EtaN]a[M04CwS1204] (2), [W4CwS1204(CUTMEN),] (3), and
[M04CwsS1004(CUTMENY)] (4) are described. [EN]2[MS4], [EtaN]2[MS20;], Cu(NGOs),-3H,0, and KBH; (or
EuNBH,) were used as starting materials for the synthesit afid2. Compounds3 and4 were produced by
reaction of [EfN][WOS;], Cu(NO;),-3H,0, and TMEN and by reaction of [MN],[MO20,Sg], Cu(NQ3),-3H,0,
and TMEN, respectively. Crystal structures of compouhdd were determined. Compounti&nd2 crystallized
in the monoclinic space group2/c with a = 14.264(5) A,b = 32.833(8) A,c = 14.480(3) A3 = 118.66(23,
V = 5950.8(5) R, andZ = 4 for 1 anda = 14.288(5) A b = 32.937(10) Ac = 14.490(3) A 3 = 118.75(2},
V = 5978.4(7) B, andZ = 4 for 2. Compounds3 and4 crystallized in the trigonal space gro®3,21 with a
= 13.836(6) A,c = 29.81(1) A,V = 4942(4) B, andZ = 3 for 3 anda = 13.756(9) A,c = 29.80(2) A,V =
4885(6) A, andZ = 3 for 4. The cluster cores have approxim&g symmetry. The anions df and2 may be
viewed as consisting of two butterfly-type [CuM@Si] fragments bridged by two [MQE~ groups. Eight
metal atoms in the anions are arranged in an approximate square configuration, wifl £&5Guing structure.
Compounds3 and4 can be considered to consist of onesBiyS;,04]* (the anions ofl and2) unit capped by
Cu(TMEN)* groups on each M atom; the Cu(TMENgroups extend alternately up and down around thgMgu
square. The electronic spectra of the compounds are dominated by the internal transitions of t§jé oiSty.
%Mo NMR spectral data are investigated and compared with those of other compounds.

(double-cubane-like), [MGIB,Cls]?~,2%  [M2CusSg(S,CN-
_ - . Mey)s]?~ 1t and [BuN]4[Cu1sM0gS37]*2 (M = Mo, W). Our
Heterometallic cluster compounds containing Cu(l), especially rocent contributions to the MCu—S system include the
[M0S4]?2~/Cut and [WS]2~/Cu" complexes, have attracted imcomplete cubane-like [BX][M 2CuS(PPh)(SCHCH,S))], 13
much attentiof. Apart from the possible relevance tothe Mo {he cubane-like cluster6MsCuS} 14 and [MeCloSu(PPh)-
Cu biological antagonisr,** such complexes also show (SCHCH;,S)], 15 the butterfly-type complexes [BY][(PPhy)-
potentlgl application as materials Wlth nonlmear physical AgSMOCU(CN)] 16 the double-cubane-like [GBMexSCMe),-
prop_ertles?f.b M—Cu—S complexes with different structure (O)(PPh)4],1” the (ues-S)-containing cluster [BN]o[(ue-
conflgurajlo_ns have been regorted, such as [éEEZtJS_>M4S_2;3 S)CuSs(S2)sM0eOg), B etc. Herein, we report the synthesis and
Cu(PPR)I* (linear), IMCLS,CI]® (cubane-like), [MCuSO] characterization of the octanuclear clustersNEAM 4CwS;,04]

Introduction

(cage), [MS(CuL)4% 7 (chain) (L= Br, SCN), [(H:O)sM03Ss-
CuCuSMo3z(H20)e]8" 8 (double-cubane-like), [(CuGIEILMS,4~ ©
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and the dodecanuclear clusters 4ByS;204(CuTMEN)],
which contain [MOg]?~ units acting as bi- and tridentate
ligands, respectively (M= Mo, W; TMEN = N,N,N',N'-
tetramethylethylenediamine).
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Experimental Section Table 1. Crystallographic Data and Refinement Details for the
Structures ofl and2

All experiments were carried out in the air. }8{,[MS,] and

[ELN]{MO:S;] (M = Mo, W), [EtN],[WOS;], and [MeN]o[M0;0,S] ! 2
were obtained by published procedures. Other chemicals were usedformula NyC3oH5004S12- N4Cs:HgO4S12
as purchased. Infrared spectra were recorded on a Perkin-Elmer 577 CwW, CwMoy
spectrophotometer using KBr pellets. Electronic spectra were obtained mol wt 1959.35 1607.71
on a Shimadzu UV-3000 spectrophotometer in DMF solution between a, A 14.264(5) 14.288(5)
600 and 200 nm Mo NMR spectra were recorded on a Varian Unity- b, A 32.833(8) 32.937(10)
500 spectrometer in DMSO solution. Elemental analyses were & A 14.480(3) 14.490(3)
performed by the Elemental Analysis Laboratories in our institute. B, d%g 118.66(2) 118.75(2)
[EtaN]W.CusS104] (1). To a solution of CU(N@»-3H,0 (0.242 V- A 5950.8(5) 5978.4(7)
g, 1 mmol in 5 mL of DMF) was added KBH0.053 g, 1 mmol) with space group EZIC SZ/C
stirring. After 15 min, a solution of [EBN],[WS,] (0.286 g, 0.5 mmol T.K 296 296
in 15 mL of CH;CN) was added to the dark suspension, and the mixture A(Mo Ko, A 0.710 73 0.710 73
was stirred for 25 min. A solution of [E¥],[WS,;0,] (0.540 g, 1 mmol crystal dimens, mm 0.32 0.32x 0.25 0.22x 0.18x 0.13
in 5 mL of CH,CN) was then added, the reaction mixture was stirred , "cnr? 97.1 26.3
for another 20 min, and then the orange precipitate was removed by d,.4 g/cnd 2.19 1.79
filtration. The orange filtrate was allowed to stand at ambient no. of unique data 5331 5372
temperature in the air for 2 days; the resulting yellow precipitate was no. of obs datal(> 3o(l)) 2839 2067
removed by filiration. After an additional 3 days, 0.085 g of orange no. of variables refined 139 129
crystals was obtained. Anal. Calcd (found): C, 20.10 (19.62); H, 4.46 residualsR, R,? 0.073, 0.089 0.089, 0.111
(4.12); N, 3.07 (2.86). IR (KBr pellet, cm): W—uo-S and W-u5-S, GOF 1.73 2.25
488 (w), 452.7 (vs), and 435.9 (shoulder)\®, 902.6 (vs). max shiftin final cycle  0.08 0.09
[EtsN]4[M04CusS;1204] (2). A procedure similar to that used for aw = [03(Fo) + (0.020F,)% + 1.0~
the synthesis of the corresponding tungsten comgdlewés employed.
To a solution of Cu(N@),-3H,0 (0.242 g, 1 mmol in 10 mL of C4CN) Table 2. Crystallographic Data and Refinement Details for the
was added ENBH,4 (0.145 g, 1 mmol) with stirring. After 15 min, to ~ Structures o8 and4
the dark suspension was added a solution aofNEfMoS,] (0.242 g, 3 4
0.5 mmol in 10 mL of CHCN), and the mixture was stirred for 25
min. A solution of [EiN]J[M00,S;] (0.452 g, 1 mmol in 5 mL of formula NsC2aH6404S12- NeC24He40sS12-
CHsCN) was then added, the reaction mixture was stirred for 25 min, mol wt Zlg;b\SAiA léé)l“g'\gg“
and the dark-red precipitate was filtered off. The dark-red filtrate was a A 13 8§6(6) 13 756(9)
allowed to stand for 3 days at ambient temperature in the air, resulting c’ A 29:81(1) 29:80(2)
in 0.07 g of dark-red crystals. Anal. Calcd (found): C, 24.33 (23.91); V A3 4942(4) 4885 (6)
H, 4.65 (5.02); N, 3.60 (3.48). IR (KBr pellet, c): Mo—u2-S and space group P3,21 P3,21
Mo—us-S, 497.6 (w), 462.9 (vs), and 434.0 (shoulder); Mo, 883.4 d 3 3
(vs). T,k 296 296
[W4CusS;1204(CUuTMEN) 4] (3). To a solution of [EAN][WOS;] A(Mo Ka), A 0.710 69 0.710 69
(0.278 g, 0.5 mmol in 5 mL of CKCN and 10 mL of CHCI,) was crystal dimens, mm 0.42 0.23x 0.14 0.50x 0.32x 0.11
added a solution of Cu(Ng»+3H,0 (0.242 g, 1 mmol) and TMEN u, et 100.33 36.92
(0.30 mL, 2 mmol) in 10 mL of CKCN; a small amount of precipitate  Geaica g/CT? 217 1.84
formed and was filtered off. The orange-red filtrate was allowed to NO- of unique data 3323 3282
no. of obs datal(> 30(l)) 1035 1324

stand at ambient temperature in the air for 1 day, resulting in the

: : no. of variables refined 151 151
formatw_m of 0.085 g qf red crystals. Anal. Calcd (found): C, 14.09 residualsR, R, 0.055, 0.064 0.062, 0.075
(13.36); H, 3.06 (2.99); N, 5.22 (5.20). IR (KBr pellet, cht W—us- GOF 1.32 162
S, 435 (vs); WO, 932 (vs). max shift in final cycle ~ 0.45 0.29

[M04CusS1204(CuTMEN) 4] (4). To a solution of [MaN].-
[M0,0,S4] (0.314 g, 0.5 mmol in 15 mL of CECN) was added a aw = 4F2o*(Fod).
solution of Cu(NQ).:3H,0 (0.121 g, 0.5 mmol) and TMEN (0.15 mL,
1 mmol) in 10 mL of CHCN. This mixture was stirred for 5 min, The remaining non-hydrogen atoms were located from difference
and then filtered. The dark filtrate was allowed to stand for several Fourier maps. No attempt was made to locate hydrogen atoms for
days at ambient temperature in the air, and 0.041 g of dark-red crystalseach structural determination. Fdr and 2, the cations were all
was produced. Anal. Calcd (found): C, 16.28 (15.96); H, 3.47 (3.57); disordered and the structures were refined using a rigid model, in which
N, 6.14 (6.21). IR (KBr pellet, crt): Mo—us-S, 444 (vs); Me-O, the positions of carbon atoms changed with those of the corresponding
916 (vs). nitrogen atoms, the populations of the disordered carbon atoms were
Crystal Structure Determination. Crystals ofl—4 were selected fixed at 0.5, and the temperature factors of some carbon atoms were
and mounted on glass fibers for single-crystal X-ray diffraction fixed according tdB(atom 1)= 1.2B(atom 2), where atom 2 is bound
experiments. The crystallographic and machine data are given in Tableto atom 1 (If atom 1 belongs to GHyroups, atom 2 is namely the
1, Table 2, and the supplementary Table S1. Diffraction data were corresponding nitrogen atom.) The refinement of structureksarid

collected on a CAD-4-geometry diffractometer fat and2 and on a 2 was performed by full-matrix least-squares techniques using the SDP
RIGAKU AFC-5R diffractometer for3 and 4 by use of Mo Ku program package. F@& and4, the structures were refined by use of

radiation. Cell constants and orientation matrixes were obtained from the TEXSAN program package, origins were automatically selected
least-squares by setting angles of 25 reflectionslfand2 and of 20 by the program, and other enantiomorphs were checked. All calcula-

reflections for3 and4 in the range 12 < 26 < 50°. Intensities were tions were carried out on a VAX-785 computer. Atomic scattering
corrected for polarization and Lorentz factors and for absorption by factors were taken from ref 20. Coordinates of cluster atom4-fa¥

using empirical scan data and DIFABS. are listed in Tables 3 and 4 and supplementary Tables S3 and S4.
The structures were solved by direct methods using MITHRIL,  Coordinates of noncluster atoms fband2 are listed in supplementary
and the positions of four heavy atoms were obtained féommaps. Tables S2 and S3.

(19) Gilmore, C. JMITHRIL: A Computer Program for the Automatic (20) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
Solution of Crystal Structures from X-ray DatdJniversity of lography, Kynoch Press: Birmingham, England, 1974; Vol. 4, Tables
Glasgow: Glasgow, Scotland, 1983. 2.2a, 2.3.1.
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Table 3. Atomic Coordinates for [WCwWS;,04%~ (1) il'é\bll\le] ?W gelg::gd] I(rlt)earatomic Distances (A) and Angles (deg) in
taN]4[W4CwS204
atom X y z
w1 0.33616(7) 0.13133(3)  —0.09814(7) vaijgﬂg g;i?g; Wigi f%g(ll()‘s)
w2 0.23750(7) 0.12555(4)  —0.51404(7) Wi_si 5 231(5) Cuter 2.325(6)
cul 0.2897(2) 0.1286(1) —0.3055(2) Wi_s 5198(8) Cuiss 2312(7)
cu2 0.5497(2) 0.1298(1) ~0.0410(2) Wi_o3 5202(6) Cuios 2326(6)
S1 0.4129(5) 0.0899(2) —0.1651(5) Wi_ol 1.76() Cures 2339(8)
S2 0.4601(5) 0.1696(3) 0.0239(5) Wo—cul 2.744(3) e 2322(6)
s3 0.2154(5) 0.1687(3) —0.2262(5) Wo Gl 594703 Ciaer S 318(e
S4 0.3574(5) 0.1679(2) —0.3936(5) u TA7(3) u -318(6)
_ W2-S4 2.245(7) Cu2s4* 2.327(6)
S5 0.3166(5) 0.0895(3) 0.5838(5) Wo_se 2187(6) U oes 2315(8)
S6 0.1676(5) 0.0867(3) —0.4399(5) : :
01 0.273(1) 0.1006(5) —0.044(1) Cul-W1-Cu2 88.88(8)  S3Cul-S6 114.4(3)
02 0.136(1) 0.1534(7) —0.613(1) S1-W1-S2 108.9(2) S4Cul-S6 102.1(2)
S1-W1-S3 108.8(3 WtCu2-Ww2*  178.0(1
Table 4. Atomic Coordinates for [WCwS;204(CuTMEN),] (3) S1-W1—-01 107.6é5)) SECu2—S2 102.1((2))
atom . y : SeWiol 110905 Stcuzss 11079
—W1- . uz— .
w1 0.3191(2) 0.0974(2) 0.28852(8) S3-W1-01 1095%53 S2Cu2—S4* 1132%2;
w2 0.1315(3) —0.3156(2) 0.20804(8) Cul-W2—Cu2*  90.01(8)  S2Cu2-S5* 114.5(3)
Cul 0.2374(7) —0.1047(7) 0.2460(2) S4-W2—S5 108.9(2) S4xCu2—S5* 102.0(2)
Cuz 0.3838(8) 0.1962(6) 0.2053(2) S4-W2-S6 109.7(3)  WiSl-Cul 74.0(2)
Cu3 0.5167(8) 0.1079(7) 0.2949(3) S4-W2—02 109.8(6) W%tS1-Cu2 74.1(2)
Cud —0.0543(8) —0.3087(7) 0.2096(3) S5-W2-S6 111.6(3)  CutS1-Cu2  111.8(3)
S1 0.216(2) 0.048(2) 0.2262(5) S5-W2-02 108.6(6)  WiS2-Cu2 74.9(2)
S2 0.349(1) —0.045(2) 0.3098(5) S6-W2-02 108.2(6)  WtS3-Cul 75.0(2)
S3 0.487(1) 0.244(1) 0.2719(5) W1-Cul-W2 178.4(2)  W2S4-Cul 73.8(2)
S4 0.301(1) —0.175(1) 0.1893(5) S1-Cul-S3 102.2(2)  W2S4-Cu2* 73.8(2)
S5 0.068(2) —0.260(2) 0.2672(5) S1-Cul-S4 116.3(2)  CutS4-Cu2*  113.1(3)
S6 0.020(1) —0.349(1) 0.1497(5) S1-Cul-S6 1108(2)  W2S5-Cu2* 75.3(2)
01 0.247(3) 0.133(3) 0.332(1) S3-Cul-S4 1115(2)  W2S6-Cul 74.5(2)
02 0.141(4) —0.444(4) 0.223(1)
N1 0.626(7) 0.157(7) 0.353(2) a Starred atoms are symmetry-translated®y
N2 0.652(8) 0.087(8) 0.271(3)
N3 —0.219(5) —0.459(5) 0.228(2)
N4 —0.150(6) —0.228(6) 0.204(2)
c11 0.698(8) 0.103(7) 0.347(3)
c12 0.556(7) 0.111(7) 0.387(3)
c13 0.68(1) 0.28(1) 0.359(4)
c21 0.737(6) 0.121(6) 0.303(2)
c22 0.583(8) —0.046(9) 0.266(3)
c23 0.661(8) 0.103(8) 0.226(3)
c31 ~0.29(1) ~0.41(1) 0.239(4)
c32 ~0.207(8) —0.492(9) 0.275(3)
c33 —0.248(6) —0.563(6) 0.201(2)
c41 —0.27(1) ~0.33(1) 0.204(4)
c42 —0.092(9) —0.117(9) 0.238(3)
c43 —0.15(1) —0.186(9) 0.154(4)

Results and Discussion

Syntheses of Octanuclear Clusters 1 and 2[Et;N],[MS,]
and [E&N],[MO,S;] were used as starting reaction materials,
and Cu cations were introduced through the reduction of
Cu(NG;)2:3H,0 by KBH; or E4NBH4. According to the
sequence of addition of reaction materials, the synthesés of
and 2 possibly derive from an initially formed [M§-/Cu"
cluster and the [M@5;]2~ anion; however, this initial M-Cu
cluster compound has not yet been characterized in ou
laboratory. The cluster anion dfand2 can be considered to
consist of two butterfly-type [CuOMEuU] fragments bridged
by two bidentate [MOg2~ groups. The two cluster compounds

are only slightly soluble in DMF. construction methoéf1516.22 However, because of the poor
Syntheses of Dodecanuclear Clusters 3 and 4EtN].- solubility of 1 and2, this route was not successful. Compounds
[WOS] and [MeN]o[M0o,O.Se] were used respectively as 3 3044 are slightly soluble in CKCl, and DMF.

starting mgterials for the .syntheses dfand 4. Structgral Structure of the Octanuclear Cluster [EtN]4[W 4CusS1:04]
determinations show that, in the molecules, the Cu cations are(l)_ Cluster1 is isomorphous with the corresponding molyb-
all in the I+ oxidation state. These Cucations can be  genym clustep. Selected bond distances and angle¢ afe
considered to derive from the reduction of Cu(j}BH.O by collected in Table 5, and the structure of the anion is shown in

[WOS3]? (or [M020,55]27).2* It was not expected that the Figure 1. The molecule is constrained to exhibitsymmetry,
structure of the octanuclear clustesgnd2) and that of the

Figure 1. ORTEP drawing of the anion df (thermal ellipsoids at
r50% probability level).

dodecanuclear cluster8 and4) would be closely related. It
was thought that compoundand 4 might, in principle, be
synthesized from compond% and 2 by using the unit-

(22) Wu, X.-T.; Lu, J.-X.Jiegou Huaxue (Chinl. Struct Chem) 1989 8,
(21) Clarke, N. J.; Laurie, S. Hnorg. Chim Acta 1982 66, L35. 399.
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Table 6. Selected Interatomic Distances (A) and Angles (deg) in
[W4CUsS1204(CUTMEN)] (3)?

W1-01 1.85(4) CutS?2 2.33(2)
W1-S1 2.23(2) CutS4 2.33(2)
W1-S2 2.29(2) CutSs 2.34(2)
W1-S3 2.24(2) Cu2s1 2.29(2)
W1-Cul 2.747(9) Cu2S3 2.34(2)
W1-Cu2 2.758(8) Cu2S4* 2.33(2)
W1-Cu3 2.67(1) Cu2S6* 2.32(2)
W2-02 1.89(5) Cu3N1 2.17(7)
W2—S4 2.24(2) Cu3N2 2.15(9)
W2-S5 2.27(2) Cu3S2 2.27(2)
W2-S6 2.22(2) Cu3Ss3 2.23(2)
W2—Cul 2.768(9) Cu4N3 2.26(6)
W2—Cu2* 2.781(8) Cu4N4 2.13(7)
W2—Cu4 2.62(1) Cu4ss 2.26(2)
Cul-S1 2.35(2) Cu4S6 2.26(2)
01-W1-S1 109(1) WECu2-W2*  173.6(3)
01-W1-S2 113(1) N1-Cu3-N2 78(3)
01-W1-S3 111(1) N1-Cu3-S2 111(2)
S1-W1-S2 109.2(7)  N+Cu3-S3 112(2)
S1-W1-S3 108.0(6)  N2Cu3-S2 120(3)
S2-W1-S3 106.7(6)  N2Cu3-S3 123(2)
Cul-W1-Cu2 87.4(2)  S2Cu3-S3 108.0(9)
Cul-W1-Cu3 88.7(3)  N3-Cu4—N4 84(3)
Cu2-W1-Cu3 88.1(3)  N3-Cu4-S5 110(2)
02-W2-S4 110(1) N3-Cu4—S6 110(2)
02-W2-S5 111(1) N4-Cud—S5 118(2)
02-W2-S6 111(1) N4-Cu4—S6 123(2)
S4-W2-S5 108.3(7)  S5Cu4-S6 108.1(8)
S4-W2-S6 107.6(6)  W%S1-Cul 73.7(6)
S5-W2-S6 109.3(6)  WiS1-Cu2 75.1(6)
Cul-W2—Cu2* 83.1(2) CutSi-Cu2 110(1)
Cul-W2—Cu4 88.1(3) WtS2-Cul 73.1(6)
Cu2*—W2—Cu4 89.0(3) WES2-Cu3 71.8(7)
S1-Cul-S2 104.1(8)  CutS2-Cu3 111.1(8)
S1-Cul-S4 115.9(7)  W%S3-Cu2 74.0(6)
S1-Cul-S5 111.8(8)  W+S3-Cu3 73.4(6)
S2-Cul-S4 115.0(8)  Cu2S3-Cu3 111.6(7)
S2-Cul-S5 106.8(7)  W2S4-Cul 74.6(6)
S4-Cul-S5 103.1(7)  W2S4—Cu2* 75.0(6)
W1-Cul-W2 173.2(3)  CutS4-Cu2*  104.6(7)
S1-Cu2-S3 102.9(7)  W2S5-Cul 73.7(6)
S1-Cu2-S4* 118.3(7)  W2-S5-Cu4 70.7(5)
S1-Cu2-S6* 112.4(8)  CutS5-Cu4 108.9(7)
S3-Cu2-S4* 114.1(7)  W2S6-Cu2* 75.6(6)
S3-Cu2-S6* 107.4(6)  W2-S6-Cu4 71.5(5)
S4*—Cu2-S6* 101.6(6)  Cu2:=S6-Cud  111.4(7)

a Starred atoms are symmetry-translated@y

but the anion has approxima®@, symmetry, with two mirror
planes overlapping plane 1 (W1, S1, O1, W1*, S1* O1*) and
plane 2 (W2, S4, 02, W2*, S4* 02*), respectivetthe
dihedral angle is 89.5% 0.09. Furthermore, the dihedral

Huang et al.

level). C atoms are omitted for clarity.

experimentsyu,-S atoms are still quite reactive, that is to say,
the eightu,-S atoms can in principle react further with metal
atoms to form a larger cluster. This type of cluster, containing
only sulfur atoms from [M@S;—,]2~ units as ligands, is rare in
the M—Cu—S system. Only two other clusters of this kind have
been previously reported ([BN]4Cu12M0gSs7)12 and [CuSWI]Z.
Structure of the Dodecanuclear Cluster [WiCusS;204-
(CUTMEN) 4] (3). Clusters3 and4 are isomorphous. Selected
interatomic distances and angles3oére collected in Table 6,
the structure is shown in Figure 2, and the packing diagram of
the unit cell is shown in Figure 3. The molecule is crystallo-
graphically required to exhibiC, symmetry. Excluding C
atoms, the rest of the molecule has approxin@esymmetry,
with two mirror planes overlapping the S1, O1, W1, Cu3, N1,
N2, S1*, O1*, W1*, Cu3* N1* N2* and S4, 02, W2, Cu4,
N3, N4, S4* 02*, W2* Cu4*, N3* N4* planes,
respectively-the dihedral angle is 90.18 0.02. Each W atom
has slightly distorted tetrahedral coordination [106.7(6)
113(1Y], with one terminal oxygen atom and threeS atoms.
The Cul and Cu2 atoms are each coordinated by fg&atoms

angles between the mirror planes (plane 1 and plane 2) and theg give a distorted tetrahedral geometry [101.6(5).8.3(7}].

basal planes (plane 3 (W1, W2, Cul, Cu2) and plane 4 (W1*,

W2* Cul*, Cu2*)) are also near 90 The angle between plane
3 and plane 4 is 175.52 0.05. Each W atom has tetrahedral
coordination [107.6(5}111.6(3)], with one uz-S atom, two

The Cu3 and Cu4 atoms both display highly distorted tetrahedral
coordination, with two nitrogen atoms of TMEN and tweg-S
atoms. For the Cu3 and Cu4 atoms, the averageCh-N
angle of 82 is much smaller than the average Su—S angle

uz-S atoms, and one terminal oxygen atom. Each Cu atom isof 108.. Because of this fact, the average\8u length of

coordinated by twq>-S atoms and twes-S atoms to give a
distorted tetrahedral geometry [102.6{2)16.3(2}]. The aver-

2.64 A for the Cu3 and Cu4 atoms is shorter than that of 2.764
A for the Cul and Cu2 atoms. The same effect is observed for

range of W-Cu distances (2.6212.784 A). The configuration

Cu3 and Cu4 vs Cul and Cu2, respectively). The-@4+Cu

of eight metal atoms can be described as approximately squaregngles lie in the range 83.1¢(2$9.0(3}, close to those
in which each side containing a copper atom and two neighbor- previously reported for other related clust&sThe molecule

ing tungsten atoms is nearly linear [178.0¢1)78.4(2J] and

can be considered to consist of one8;S;,04]*~ (the anion

in which the angles about tungsten atoms bonding two copper of 1) ynit and four Cu(TMENY groups. These Cu(TMEN)

atoms vary from 88.88(8) to 90.01(8) These metal atoms

together with sulfur atoms form a ring structure that is rare in

cluster chemistry. It is noted that there exist eightS atoms
and four us-S atoms in the anion. According to our past

groups are bound to eight-S atoms of [WCwS;,04]*~ as

(23) Pruss, E. A.; Snyder, B. S.; Stacy, A. Mhgew Chem, Int. Ed. Engl.
1993 32, 256.
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Table 7. Electronic Spectral Data Obtained in DMF

C A, nm (1073, dm?
complex mol~t cm?) ref

[WOSs]2 375, 334, 270 25

] [EtaN][W.CsS1204] (1) 380 (9.9), 348 (9.5), this work

é/ 270 (28)
[W4CwS1:04(CuTMEN)] (3) 385 (24), 285 (61) this work
[MOOS]2~ 465,392, 313,260 25
[EtsN]4[M04CusS;204] (2) 450 (11), 420 (10),  this work

312 (27), 268 (23)
[M04CwS1204(CUTMEN)] (4) 450 (11), 320 (28), this work

=
1 265 (27)
Table 8. %Mo NMR Spectral Data
complex solvent  §(Mo)2 ref
[MoOS3]> MeCN 1587 £10) 27
[Et:N][(NCCu)MoOS] MeCN 1199 (25) 27
[EtaN]4[M04CwS1204] (2) DMSO 999 (78) this work

[M04CwS1,04(CUTMEN)] (4) DMSO 679 (300) this work

@ Relative to exterrnia2 M Na;MoO, in D20, effective pH 11; line
widths in hertz in parentheses.

longest wavelength absorptions are scarcely shifted, but absorp-
tion bands at 348 nm fat and 420 nm for2 disappear in the
spectra of the corresponding dodecanuclear clugersd 4.

%Mo NMR Spectra. Compounds?2 and4 were examined
Figure 3. Packing diagram of the unit cell & by Mo NMR (Table 8). All resonances are shielded relative
to [MoOS)%-, and the®>Mo chemical shift decreases by 260

cgpping units on W atoms. As shown in Figure 2, two 40 ppm upon addition of each Ceation to the [MoOg2
diagonally related Cu(TMEN)groups are above and the other  ¢re ' This result agrees with that reported in ref 26. Only a

two Cu(TMEN)" groups are below the plane containing W1,  gjngle resonance peak occurs®ivio NMR spectra for bott2

W2, Cul, and Cu2. As shown in Figure 3, there exist three 5,44 and it does not shift in position during the recording of
different orientations for the mole(_;ules in the unit cell, along these spectra, suggesting that these two compounds are stable
the A, B, and A+ B axes, respectively. in DMSO solution {H spectral data fod in DMSO-ds solution

_The Cu atoms bonding to two nitrogen atoms of TMEN 5,55 show that this compound is stable in DMSO solution).
display highly distorted tetrahedral coordination.3Jhe angles

about the Cu3 atom are 78¢3N1—Cu3—N2], 111(2y [N1— Acknowledgment. This research was supported by grants
Cu3-S2], 112(2y [N1—Cu3-S3], 120(3) [N2—Cu3-S2], from the State Key Laboratory of Structural Chemistry, Fujian
123(2¥, [N2—Cu3-S3], and 108.0(9)[S2—Cu3—-S3]; the Cu4 Institute of Research on the Structure of Matter, Chinese
atom displays bond angles similar to those of the Cu3 atom. Academy of Sciences, and the Science Foundations of the
This distorted tetrahedral coordination is similar to that in Nation and Fujian Province. We sincerely thank Prof. B. A.
WS4(Cu(phen)),2* which also contains bidentate nitrogen Averill for helpful discussions.

ligands (1,;[0-phenanthrollne). . Supporting Information Available: Complete listings of crystal-
Electronic Spectra. Data for the electronic spectra of the |55raphic data, atomic positional parameters and their estimated standard

four title compounds are given in Table 7. Except for the geviations, bond distances and angles, and anisotropic displacement

absorptions in the range 33420 nm, these spectra exhibit parameters (18 pages). Ordering information is given on any current

absorption bands similar to those of the corresponding [JOS masthead page.

moieties. Thus, the principal feature can be attributed to the 1C950113X

charge-transfer transitions within the [Mg3% moiety. As

Cu(TMEN)" groups are bound to [ACwS1204]*~ units, the (26) Minelli, M.; Enemark, J. H.; Nicholson, J. R.; Garner, C.IBorg.
Chem 1984 23, 4384.
(24) Potvin, C.; Manoli, J. MInorg. Chim Acta 1987, 134, 9. (27) Gheller, S. F.; Hambley, T. W.; Rodgers, J. R.; Brownlee, R. T. C.;
(25) Miiler, A.; Diemann, E.; Jostes, R.;"Bge, H.Angew Chem, Int. O’Connor, M. J.; Snow, M. R.; Wedd, A. Gnorg. Chem 1984 23,

Ed. Engl. 1981, 20, 934. 2519.




