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Notes

Syntheses and Characterizations of the Novel Table 1. Crystallographic Data and Refinement Details for the
Dodecanuclear Heterobimetallic Cage Clusters: Structures ofl and2
[EtaN]2[(M 2Cu2S,02edt)s(ue-S2)]*CHClz (M = — 1| 2|
. — - — empirical formula  NCz9HgsO6Cl2S20CUsM0g  N2CogHeeOsCl2S20C Us W
Mo, W; edt SCH,S") mol wt 2207.87 2735.23
a A 13.2861(1) 13.20(8)
Ping Lin, Xintao Wu,* Qun Huang, Quanming Wang, {3/ As 23315533% 22%4(%)
Tianlu Sheng, Wenjian Zhang, Jun Guo, and Jiaxi Lu space group P4,2,2 (N0.92) P42,2 (N0.96)
z 4 4
State Key Laboratory of Structural Chemistry, diﬁéacmmeter zgi;mens smart CCD ) ggigak“ AFCSR
Fuj!an Institute of Reseaych on the Structurg of Matter, 2 (Mo Ka), A 0.71073 0.710 73
The Chinese Academy of Sciences, Fuzhou, Fujian 350002, crystal dimens, mm 0.2 0.2 x 0.1 0.4x 0.4 x 0.25
People’s Republic of China ~ #(MoKa), e 36.254 131.9
dealca g/cm3 2.177 2.74
no. of unique data 4829 3464
i i no. of obs data 4068 & 2((1)) 2041 ( > 3(()
Receted April 9, 1997 no. of variables 218 238
refined
Introduction R2 0.0594 0.056
) o Ry 0.1386 0.059
Heterometallic cluster compounds containing JAS/Cu’ GOF 1.190 1.12
(M = Mo, W) have been extensively studiedApart from the magyire'ﬂ infinal 0.001 0.01

possible relevance to the MdcCu biological antagonisrit,some SR = S(IIFs| — [FIV/5|E for 1and2. b R, = F— F&
complexes also show potential applications as materials with z[w(F})Zz]}%Z °\|N =| 17{22(%023" +0(o.0%123)2 i 4&{)722["1\',(] ?NherecP)=
nonlinear physical properti€s.At present, some polynuclear  (F 24 5F 23 for clusterl. © Ry = { 5 [W(Fo — Fo)2/ S [WFA} 12 w =
MV/CU/S (M = Mo, W) cluster compounds such as ESeW-- 1/[0%F2) + (0.010F,)? + 1.000] for cluster2.
(SCMe)(O)(PPh)] (double cubane-like) [EtN][M4CusS;204],

[M4CwsS1204(CUuTMEN)] (TMEN = N,N,N',N'-tetramethyl- Experimental Section

ethylenediamine),and [E4N]4[Cu12MgSp604]-DMF (M = Mo, All experiments were carried out in air. [&t];[M0,0,S,edt] was
W),5 have been characterized. A fewMU/S complexes such  prepared according to ref 10, and JN},[W,S:edt] was obtained by
as [MoCu,Ssedb(PPh),] (cubane-likef [CuS;Wo(SCNE]4~ published procedurés. Other chemicals were purchased. Infrared

(cubane-likeY, and [M,CuSiedt(PPh)]~ (incomplete cubane- ~ spectra were recorded on a Magna 750 spectrometer using KBr pellets.
like)® have been reported. A single example of dodecanuclear Electronic spectra were obtained on a Shimadzu UV-3000 spectropho-

. B B tometer in DMF solution between 600 and 200 nm. Elemental analyses
cluster containing is—S), [EuN]o[MOsCUsSs(us~S)Q6(S2)e]. were performed by the Elemental Analysis Laboratory in our Institute.

has been obtained by our grotip. o Preparation of [EtNJo[(Mo,Cu;S,0,edt)s(us-S)]-CHClz (1). To
Herein, we report the syntheses and characterizations of thea solution of Cu(N@),*3H,0 (0.242 g, 1 mmol in 30 mL of CECN
novel dodecanuclear clusters [Hj,[(MCuS0.edb)s(us and 30 mL of CHCI,) was added NaBk0.038 g, 1 mmol) with

$,)]-CH.Cl> (M = Mo, W; edt= “SGH,S"), which are the  stirring. After 30 min, [EiN]:[M020,Sedt] (0.356 g, 0.5 mmol) was

new molybdenum(V) (or tungsten(\3ropper(l) clusters con- ~ added to the suspension, the mixture was stirred for a while, and then
taining aus—S; ligand 2 drops of (NH),S, solution (10% 3 + 6% S) were added. The
' reaction mixture was stirred for another 10 min, and then the black

precipitate was removed by filtration. The dark red filtrate was allowed

(1) (a) Mler, A.; Diemann, E.; Jostes, R.;"Bge, H.Angew. Chent 98], to stand at ambient temperature in the air for 1 day, and the resulting
93, 957;Angew. Chem., Int. Ed. Engdl981, 20, 934. (b) Sarkar, S.; brown precipitate was removed by filtration. After another 7 days,
E/ILshral,DS(.:B.DS.CSoo\rA(;..gﬂem’\.l %8_188‘5 53’ é:r’g (C)SWE’QE);'_;'; 0.08 g of black crystals was obtained. Yield: 21.7%. Anal. Calcd
S R > e o 45 (found): C, 15.78 (16.03); H, 3.01 (2.96); N, 1.27 (1.36). IR (KBr pellet,

. (d) Holloway, C. E.; Melnik, MRev. Inorg. Chem.1993 13, 1) Mo—(4+-S). 4301 S 530.3  Mo.O. 9527
233. (€) Hou, H.-W.; Xin, X.-Q.; Shi, SCoord. Chem. Re 1996 em): Mo—(us-S), 430.1 (m); S, 530.3 (m); Me-O, 952.7 (vs).
53, 25. UV (DMF solution, A, nm (, dm?® mol~t cm)): 275 (1.54x 10%.

(2) (@) shi, S,; Ji, W,; Tiang, S.-H.; Lang, J.-P.; Xin, X.-QAm. Chem. Preparation of [EtaN]o[(W 2Cu,S,0,edt)s(@e-S)]*CH2Cl (2). To
S0c.1994 116 3615. (b) Wu, X. T.; Wang, Q. M.; Shi, olyhedron a solution of Cu(N@)2+3H,0 (0.242 g, 1 mmol in 20 mL of C¥CN
1997 16, 945. and 30 mL of CHCI,) was added NaBH(0.038 g, 1 mmol). After

(3) Du, S.-W.; Zhu, N.-Y.; Chen, P.-C.; Wu, X.-Angew. Chem., Int.
Ed. Engl.1992 31, 1085.

(4) Huang, Q.; Wu, X.-T.; Wang, Q.-M.; Sheng, T.-L.; Lu, J.-)éorg. (10) Preparation of [EN]2[M020,Sedb]. H2S gas was bubbled into a 20
Chem.1996 35, 893. mL aqueous solution of N#oQO;, (4.84 g, 20 mmol); 3 min later, the
(5) Huang, Q.; Wu, X.-T.; Sheng, T.-L.; Wang, Q.-Molyhedron1996 solution turned to red, the solution was then heated td@5and
15, 3405. NaS;04 (0.469 g, 3.3 mmol) and ¢5.C; (3.2 mL, 20 mmol) were
(6) Zhu, N.-Y.; Zheng, Y.-F.; Wu, X.-TJ. Chem. Soc., Chem. Commun. added. After being stirred for 2 h, 4.2 g of jEBr (20 mmol) was
1990 780. added to the solution, the solution was cooled in the air, and a lot of
(7) Wu, J.-H.; Zhu, N.-Y.; Du, S.-W.; Wu, X.-T.; Lu, J.-Xnorg. Chim. red precipitate appeared. The precipitate was collected and washed
Acta 1991, 185 181. by C;HsOH and E$O three times, and 6.5 g of [f{],[M0,0,S,edb]
(8) Zhu, N.-Y.; Zheng, Y.-F.; Wu, X.-Tlnorg. Chem.199Q 29, 2705. was obtained. Yield 91.3%. Anal.: C, 32.80; H, 6.7; N, 3.81.
(9) Wu, X.-T.; Wang, B.; Zheng, Y.-F.; Lu, J.-Xliegou Huaxue (Chin. (11) Pan, W.H.; Chandler, T.; Enemark, J. H.; Stiefel, Hnorg. Chem.
J. Struct. Chem.}1988 71, 47. 1984 23, 4265.
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Table 2. Atomic Coordinates for [(MeClS,0.edb)s(us-S)]% (1) Table 3. Atomic Coordinates for [(WCWS,0.edb)s(us-S2)1%~ (2)
atom X y z Ug (A2)2 atom X y z Bq(A?)2
Mol 0.18304(10) —0.03575(10) 0.26106(4) 0.0396(4) w1 —0.1805(1) —0.0335(1) 0.01120(4) 2.27(3)
Mo2 —0.12656(11) 0.22727(11) 0.15295(4) 0.0412(4) W2 0.3739(1) 0.0596(1) 0.04476(4) 2.54(3)
Mo3 —0.05933(11) 0.37224(10) 0.20419(4)  0.0408(4) W3 0.2302(1) 0.1268(1) 0.09654(4) 2.47(3)
Cul 0.0158(2) 0.0478(2) 0.30987(5)  0.0472(6) Cul —0.0110(4) 0.0512(4) 0.0596(1) 3.9(1)
Cu2 0.07845(15) 0.2032(2) 0.23366(5)  0.0456(5) Cu2 0.1509(4) 0.2690(4) 0.0380(1) 4.0(1)
Cu3 —0.1488(2) 0.26760(15) 0.28860(5)  0.0462(5) Cu3 —0.0777(4) 0.1995(4) —0.0155(1) 3.7(1)
S —0.0508(3) 0.1422(3) 0.26629(10) 0.0345(8) S 0.0541(8) 0.1438(8) 0.0160(3) 3.4(2)
S1 0.1192(3) —0.0621(3) 0.20426(10) 0.0432(10) S1 —0.0591(8) —0.1182(8) 0.0458(2) 3.1(2)
S2 0.2320(3) 0.1232(3) 0.23438(11) 0.0456(10) S2 —0.2327(8) 0.1260(9) —0.0155(3) 3.1(2)
S3 0.1917(3) 0.0660(3) 0.31461(11) 0.0464(10) S3 —0.1890(9) 0.0673(9) 0.0647(3) 3.8(3)
S4 0.0924(3) 0.3789(3) 0.24136(12) 0.0501(11) S4 0.1349(9) 0.2850(8) 0.1004(3) 3.6(2)
S5 —0.2841(3) 0.1312(3) 0.15002(11) 0.0483(11) S5 0.3787(9) —0.0924(9) 0.0077(3) 3.8(3)
S6 —0.0549(3) 0.0649(3) 0.13666(11) 0.0491(11) S6 0.4241(8) 0.1396(9) —0.0098(3) 3.6(2)
S7 —0.2243(3) 0.3146(3) 0.19461(11) 0.0441(10) S7 0.2506(8) —0.0388(8) 0.0743(3) 3.1(2)
S8 —0.1395(3) 0.4201(3) 0.25937(12) 0.0502(11) S8 0.0680(8) 0.0578(9) 0.1139(2) 3.1(2)
S9 0.0376(3) 0.2482(3) 0.17544(11) 0.0456(10) S9 0.3183(8) 0.2268(8) 0.0558(3) 3.1(2)
o1 0.2953(8)  —0.1069(8) 0.2615(3) 0.052(3) o1 —0.286(2) —0.101(2) 0.0116(6) 3.2(6)
02 —0.1246(9) 0.2936(9) 0.1138(3) 0.055(3) 02 0.480(2) 0.051(2) 0.0698(8) 4.9(7)
03 —0.0523(9) 0.4882(9) 0.1792(3) 0.059(3) 03 0.300(2) 0.123(2) 0.1352(6) 3.5(6)
C1 0.3046(13) 0.1861(13)  0.2699(5) 0.053(5) C1 —0.309(3) 0.187(3) 0.0204(9) 3.0(8)
Cc2 —0.0403(16) 0.4862(15)  0.2843(5) 0.069(6) c2 0.000(3) 0.163(3) 0.137(1) 3.6(9)
C3 0.0548(14) 0.4241(14)  0.2840(5) 0.059(5) C3 0.006(3) 0.260(4) 0.116(1) 4.52(7)
c4 —0.1608(14) 0.0007(14)  0.1129(5) 0.061(5) C4 0.487(3) 0.044(3) —0.035(1) 4(1)
C5 —0.2504(14) 0.0026(14)  0.1352(5) 0.060(5) C5 0.430(3)  —0.054(4) —0.035(1) 4.62(6)
C6 0.2407(14) 0.1919(15)  0.3031(5) 0.059(5) cé6 —0.248(3) 0.196(3) 0.0542(9) 3.1(8)

@ Ugqis defined as one-third of the trace of the orthogonalized tensor 2 Beq = (Y)Y i5iaia;.
Uj.

: Table 4. Selected Bond Distances (A) of
being stirred for 30 min, suspension i was produced. Four drops of [E4NI2l(M02CtbS,0.edb)s(usS)]-CH:Clo (1)°
H»O, water solution (containing 30%43,) were added to a solution atom atom distance atom atom distance
of [EtaN]2[W,Ssedb] (0.470 g, 0.5 mmol in 20 mL of CECN and 20 Mol o1 1.765(11) Cul Séa 2.306(5)
mL of CH,Cly), and stirring fo 1 h produced solution ii. This solution Mol s1 2.354(4) Cul 33 2.358(5)
was added to suspension i, and the mixture was stirred for 0.5 min 101 S1a 2.358(4) Cul S1a 2.365(5)
before 2 drops of (Nk),S, solution (10% 3 + 6% S) were added. Mol S2 2.433(5) Cu?2 IS 2.271(4)
The reaction mixture was stirred for another 20 min, and the brown  Mo1 S3 2.453(4) Cu2 S2 2.300(5)
precipitate was removed by filtration. The orange filtrate was allowed Mol Mola 2.893(3) Cu2 S4 2.361(5)
to stand at ambient temperature in the air for 1 day. The resulting Mo2 02 1.735(12) Cu2 S9 2.364(5)
brown precipitate was removed by filtration. After another 7 days, Mo2 S7 2.358(5) Cu3 S 2.279(4)
0.10 g of red crystals was obtained. Yield: 21.9%. Anal. Caled Mo2  S9 2.360(5) Cu3 S8 2.316(5)
(found): C, 12.73 (13.18); H, 2.43 (2.30); N, 1.02 (1.06). IR (kBr ~ Mo2  S6 2.439(5) Cu3  Ssa 2.364(5)
pellet, cm?): W—(uz-S), 416.6 (m); S-S, 520.7 (m); W-(O, 966.2 mgg 3%3 22-3853((25)) gﬂg l\%ga ;ggﬁg)

ion: —1 —1))- . .
(1\:;; UV (DMF solution;e, nm @, dm® mol~t cm™)): 278 (3.5x Mo3 03 1813(12) S Sa 2.119(7)
y - Mo3 S7 2.350(5) S1 Mola 2.358(4)

Crystal Structure Determination. Crystals ofl and2 were selected Mo3 s9 2.362(5) s1 Cula 2.365(5)
and mounted on glass fibers for single-crystal X-ray diffraction. The 103 S8 2.444(5) S5 Cu3a 2.364(5)
crystallographic data were given in Table 1. Diffraction data were  \Mo3 sS4 2.467(5) S6 Cula 2.306(5)
collected on a Siemens smart CCD three-circle area diffractometer for Cu1 S 2.263(4) S7 Cu3a 2.366(5)

1 and on a Rigaku AFC5R four-circle diffractometer by Mo Ka
radiation.

The structures were solved by direct methods using SHEEA&
1 and MolEN?* for 2, and the positions of heavy atoms were obtained
from E maps. The structure of compouhdvas refined orF? using
SHELXTL-93, and the structure of compouidvas refined or using
MoIEN. The remaining non-hydrogen atoms were located from

aa: (~y, =X Y2 — 2.

starting materials for syntheseslofnd?2 with the [WoSsedb]2~
anion being oxidized by $O, to produce [W0,Sedb]2~. Cu*
cations were introduced through the reduction of CufNO
3H,0 by NaBH,. After a while, (NH,),S; was added. Anions

difference Fourier maps. No attempt was made to locate hydrogen 1 and2 are possibly derived from an initially formed [M©,S,-
atoms for each structure determination. Absolute structures of clustersed,]2-/2Cut (M = Mo, W) fragment; three [MgO,Syedb]2~/

1 and 2 have been determined (absolute structure parametel ifor
0.02; the data of enantiomer f@r R = 0.061,R, = 0.066). Atomic

scattering factors were taken from ref 13. Coordinates of cluster atoms

for 1 and?2 are listed in Tables 2 and 3.

Results and Discussion

Syntheses of Clusters 1 and 2.(NH,),S« together with
[EtaN]2[M020:Sedb] and [EuN][WoSedb] were used as

(12) (a) Sheldrick, G. M.SHELXTL-Plus Siemens Analytical X-ray
Instruments Inc.: Madison, WI, 1987. (BJolEN, An Interactie
Structure Solution Procedur&nraf-Nonius: Delft, The Netherlands,
1990.

2Cu* fragments were then assembled by afr $on to form a
cage with the $group at the center. The3 coordinated to
six Cu atoms using two S atoms to formugS,. The two
cluster compounds are stable in the air, insoluble i@ or
CHClIy, but soluble in DMF.
Structure of the cluster [EtsN]2[(Mo2Cu2S,02edt)s(us-

$)]-CH.Cl;, (1). Cluster 1 is isomorphous with the corre-
sponding tungsten clust@rand only the structure df is thus

(13) Cromer, D. T.; Waber, J. Toternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. 4,
Tables 2.2a and 2.3.1.
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Table 5. Selected Bond Angles (deg) for
[Et4N]2[(M02CL12$202€dE)3(u6-52)]'CHzClz (1)a

atom1 atom 2 atom 3 angle atom1l atom 2 atom 3 angle
01 Mol S1  1035(4) S3 Cul Sla 81.7(2)

01 Mol Sla 1086(4) S Cu2z S2  120.0(2)
Sl Mol Sla 101.61(14) S Cu2 sS4  110.1(2)
01 Mol S2 1041(4) S2  Cu2 S4  112.7(2)
S1 Mol S2 8082 S Cu2 sS9  115.6(2)
Sla Mol S2 1456(2) S2  Cu2 S9  109.4(2)
Ol Mol S3 1043(4) S4  Cu2 S9 83.4(2)
S1 Mol S3 150.0(2) S Cu3 S8  115.4(2)
Sla Mol S3  79.84(15) S Cu3 S5a  112.4(2)
S2 Mol S3 81872 S8 Cu3 S5a 113.0(2)
02 Mo2 S7 109.8(4) S Ccu3 S7a 117.1(2)

02 Mo2 S9  103.8(4) S8 Cu3 S7a 113.1(2)
S7 Mo2 S9 101.9(2) S5a Cu3 S7a 81.2(2)
02 Mo2 S6  102.9(4) Sa Cul 109.7(2)
S7 Mo2 S6 1453(2) Sa Cu2  108.4(2)
S9 Mo2 S6 80.6(2) Cul Cu2  107.8(2)
02 Mo2 S5 103.8(4) Sa Cu3  108.12(12)
S7 Mo2 S5 79.5(2) cCul Cu3  110.7(2)
S9 Mo2 S5  150.0(2) Cu2 Cu3 112.1(2)
S6 Mo2 S5 82.02) Mol S1 Mola 75.77(13)
03 Mo3 S7  104.1(4) Mol S1 Cula 120.6(2)
(S);g mgg gg iggzg)) '\CASQa 2; f/llélla 985'72(12()14) Figure 1. ORTEP drawing of the aniof (thermal ellipsoids at 20%
03 Mo3 S8 1047(4) Cul S3 Mol 80.37(14) Probability level).

2; mgg 22 131%.%)((?) gﬂéa SS‘; “,('A%g %%_}3%((11‘2) membered ring. The average Mo bond distance is 2.888(2)
03 Mo3 S4  103.3(4) Cula S6 Mo2 101.6(2) A, which is slightly longer than the reported Md/lo distance

S7  Mo3 S4 149.7(2) Mo3 S7 Mo2  75.62(14)  of [EuN][Mo,Ssedt] (2.863 A)14 Each Cu atom is coordinated

S9  Mo3 S4 81.2(2) Mo3 S7  Cu3a 119.2(2) by four S atoms to give a distorted tetrahedral geometry [81.1-
§8 ?:/'Sf gga 1811655((22)) '\4323 5578 Cl\;’g’g 1%12'?;&4) (2)—120.0(2)]. The $2~ ion assembled in the center of the
s Cul S3 112.82) Mo2 S9 Mo3  7536(14) cage with Cu-S bonds having approximate’geometry. Each

Séa Cul S3 1129(2) Mo2 S9 Cu2 121.6(2) S atom of the §~ was bound with three Cu atoms, respectively.
S Cul Sla 117.02) Mo3 S9 Cu2  8225(14) The average Ct(us—S;) bond distance is 2.271(4) A, which
Séa  Cul Sla 111.2(2) is within the reported range of G5 bond distances (2:2.4

2a: (=Y, =X, Y2 — 2). A). To our knowledge, this type of cluster containing—S;
ligand is the first example of molybdenuraopper (or tungsten
described. Selected bond distances and angled a@fre copper) clusters.

collectedin Tables 4 and 5, and the ORTEP drawing of the anion Comparing compound with [MosCusSs(u6-S)Os(S2)6]?~,°

is shown in Figure 1. From the configuration of the twelve the two compounds also are the cages containing six Mo atoms
metal atoms and all the S atoms, the anion can be described agnd six Cu atoms. However, there is ar $n at the center

a cage with an £~ at the center. The cage has two puckered of the latter cage and bond to six Cu atoms. The latter cage
CwsSsCs 15-membered rings, and each is composed of three has two puckered G8s nine-membered rings, and the Mo atom
Cu atoms combining threeSGH,S™ units. The anion has a  is coordinated by ap?-S; ligand.

pseudo-3-fold axis exactly along the-Sa bond and ap- Acknowledgment. This research was supported by grants

proximately perpendicular to the two 15-membered rings. from the State Key Laboratory of Structural Chemistry, Fujian
Each Mo atom displays tetragonal-pyramid (TPY) coordina- |nstitute of Research on the Structure of Matter, the Chinese

tion geometry, with two S atoms 0fSGH4S™ (Sea), two S Academy of Sciences, and the Science Foundations of the

atoms of binuclear molybdenumy and one terminal oxygen  Nation and Fuijian Province.

atom. The oxygen atom occupies the axial position of each

TPY and the four remaining sulfido atoms are equatorial. The !€9704142

Mo atom is chelated by oneSGH4S™ forming a five- (14) Bunzey, G.; Enemark, J. Hhorg. Chem.197§ 17, 682.




