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Synthesis and Crystal Structure of an Organometallic Tetranuclear
Cationic Cluster [(1>-CsMes) WS;{ Cu(PPh;)};CI](PFy)
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Abstract: Reaction of a preformed cluster [{(1°-CsMes)WSs};Cu;(MeCN)o] (PFg)s (1) in MeCN with LiCl and PPh;
gave rise to a tetranuclear cationic cluster [(n’-CsMes)WS;{Cu(PPh;)};CI](PF,) (2). The title compound 2 was char-

acterized by elementary analysis, IR, UV-Vis, 'H NMR, and its crystal structure was determined by X-ray single
crystal diffraction. It belongs to monoclinic, space group P2,/c with a=1.799 8(4) nm, 6=2.083 6(4) nm, ¢=1.913 5(4)
nm, B=113.63(3)°, V=6.574(3) nm?, Z=4. The cluster cation [(17°-CsMes)WS;{Cu(PPh;)};CI]* of 2 contains a strongly
distorted, cubane-like structure [WS;CusCl] in which one Cl weakly fills into the void of the nido-like [WS;Cus]
fragment with three relatively long Cu-Cl distances. CCDC: 270415.
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Varian UNITYINOVA-500 NMR 1% (Varian 2% 7] );
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¥ 0.126 ¢ (0.05 mmol) FERTIKY) 1 B fEAE 10
mL ZJE #4300 A 0.005 g (0.12 mmol) LiCl 1
0.085 g (0.325 mmol) PPhy, & i N HiFE 1 h, L IERR
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$,555m,520s,507m,427w,408m cm™, UV-Vis(MeCN)
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P.S;W,M,=1 030.71 ,monoclinic,space group P2/c,a=
1.799 8(4) nm,b=2.083 6(4) nm,c=1.913 5(4) nm,B=
113.63(3)°,V=6.574(3) nm*,Z=4,D.=1.589 g-cm™,
F(000)=3 136,14=2.990 cm™, & & 45+ F B # k
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o 7E 397 nm A7 — BRI I ] R J2 (°-CsMes)
WS; 'S — W fif £ BRAE i 8005 A9 2 1
'H NMR b =i %], 1 7.28~7.81 ppm & Ph
JiF 2 EIE, 7F 2.15 ppm /& ns-CsMes 1 i+ 5
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2.1

[{(17*-CsMes)WS,}:Cus(MeCN)g)(PFy), + 2LiCl + 6PPh, ————

1)

[(T]S-CSMGS)WS3{CU(PPI‘13)}3C1](PF6) + 2LiPF6 + 1/4[(7’5—C5M65)WS3CU]4

(2)
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ZANEA eV SR EAE . B2 45 TR E
F[(°-CsMes) WS, {Cu(PPhy)},CI I G5 Hy R R, 1
H TR BH S - A A R A

B 1 [(°-CsMes)WS5{Cu(PPhy)}sC1](PFy) (2)H i it i AR A
Fig.1 Cell packing diagram of
[(17°-CsMes)WS,{Cu(PPh,)};C1|(PFy) (2)
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{Cu(PPhy) s H 22, Horpt 34~ Ca JRFFA 14~ CI7LA
3485 Cu---Cl 8#EAHTE , MAL T 1 A B A2 1
[WSiCusCl] 7 5 fe BUZ5 48, a5t S i e & )
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FAEAL
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Fig.2 Perspective view of the
[[(1*-CsMes)WS,{Cu(PPh,)};Cl]* cation of 2
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JEANTR Y, Cu(1) S Cu(3) 8 FEl A 5 A 2 A1 51
345.49(13)° 1 348.66(14)°, A It , Cu(1)F1 Cu3)FI &
B ARLSF T = AR EC A A Y T Cu(2) F) BBl A 8 £ =2
7 335.16(13)°, AT TA by 2 W A2 f) DO i AR A B .l T
Cu J5LFAS [] 9 e A A8 R 3% 5% B 25 7 h W (1) Cu
R L PR A B AN [ P T = A A 8 W (1) Cu(3)
FIFEES R 0.26950 (16) nm, F1EA -1 = Bl {7
1) CulDRIFE S (PPh)[{(°-CsMes) WS;Cus)S, ] Y
W---Cu % (0.266 5(3)~0.268 3(3) nm)!'& AT 1 ,
{H H [WOS;(CuPPhy);C1] £ W --- Cu 1 85 (0.272 1(2)~
0.2730(2) nm)! "%, A R I [ 2P T = A i
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Selected bond lengths (nm) and angles (°) for the compound 2

Table 1

W1---Cul 0.288 45(18) W1---Cu2

Cul-Cl1 0.270 7(3) Cu2-Cl1

Cul-S1 0.223 3(4) Cul-S3

Cu2-S2 0.229 1(3) Cu3-S3

Cul-P1 0.231 3(4) Cu2-P2

W1-S1 0.222 4(3) W1-S2
Cu3---W1---Cu2 64.00(5) Cu3---W1---Cul
S1-W1-53 98.27(12) S1-W1-S2
S3-Cul-S1 98.65(14) S3-Cul-P1
S3-Cul-Cl1 102.77(11) S1-Cul-Cl1
P2-Cu2-S1 118.08(13) P2-Cu2-S2
P2-Cu2-Cl1 112.11(12) S1-Cu2-Cl1
P3-Cu3-S3 122.70(14) P3-Cu3-S2
P3-Cu3-Cl1 98.59(12) S3-Cu3-Cl1
Cu2-Cl1-Cul 69.17(7) Cu2-Cl1-Cu3

0.274 28(16) W1---Cu3 0.269 50(16)
0.264 2(3) Cu3-Cl1 0.274 7(3)
0.222 9(4) Cu2-81 0.227 2(3)
0.225 6(4) Cu3-S2 0.228 5(4)
0.214 503) Cu3-P3 0213 6(3)
0.227 5(3) W1-83 0.225 0(3)
65.49(5) Cu2-+W1-Cul 65.25(5)
105.48(11) $3-W1-52 106.44(12)
121.49(13) $1-Cul-P1 125.35(13)
100.17(11) P1-Cul-Cl1 104.60(12)
113.69(14) 81-Cu2-82 103.39(12)
101.04(12) $2-Cu2-Cl1 107.21(11)
120.54(14) 83-Cu3-$2 105.92(13)
100.80(11) 82-Cu3-Cl1 104.05(11)
64.62(7) Cul-Cl1-Cu3 67.30(7)
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L W(1)---Cu(1)WFE 24 0.288 45(18) nm, /& T A
CLIAY & - i = Al Cu(DRY W/Cu/S 7% &9 v i
KAy, X AT B JE Cu(1) L i) PPhy (9 28 56 Hl °-CsMes
) F A 35 R 223 T (o B 38, R 258 DU T K A7 14
W(1)---Cu(2) BN 0.274 28(16) nm, | 5 A 1Y
AT A (1 Cu(D) Y 5% & 9 40 [WS,Cuy (dppm),] (PF),
B W---Cu -3 £ (0.276 0(2) nm)"  [(n°-CsMes)
WS;Cul, 2 W+ Cu “F X (0.274 9(3) nm) & b4
PRy, [FRE, AR CugusS BERK W T 34 Cu
J5 - B AS [ BC A B0 o RSP 18T = A BE A2 Y Cu(1) AN
Cu)1M & , EMTH Cuus-S F I HEK N 0.224 9(3)
nm, JEF 2 FBA O = A B Cu(D) i iR
"y [(7°-CsMes)WS;CusBr, (PPhs),| 1 Cuus-S V¥ 5B
£3(0.2240(5) nm)!™, PUTABCAL Y Cu-ps-S P B
4 0.228 2(3) nm, 5 HA MU AL A7 A9 Ca(DE %A
Yy [(n5-CsMes)WS;CusBr, (PPhs),] i} Cuus-S SEECE BN
(0.227 2(4) nm)™HH T, {H L [WS,Cuy(dppm),] (PFy),
Cuus-S T8 (0.235 1(3) nm)F

34 Cu JEF1 CI(1) R I %55, Cu-Cl (1)5#
KAE 0.2642(3)~0.2747(3) nm Z 6], Hovb | SF18 =
Bie £ 9 Cu (1)-CL(1) Fl Cu (3)-C1(1) i) #E K 5 [WES,
(CuPPh),Cl(E=S,0)" H % X i (1) 2 4 Cu-Cl
AHARL, T DY T A S A ) Cu(2)-Cl(1) 8 K I HE [WES,
(CuPPhy),CI] (E=S,0) 1 Xf i i 1 4~ Cu-Cl 4 £
(0.2457(5)~0.247 2(4) nm)# 0.017~0.019 nm,, Cu(1)-
P(1)8E K 4 0.2313(4) nm, H HAh 2 4> Cu-P 8K 43
4 0.0168 nm M1 0.017 7 nm, XA fE & H T Cu
(1)_E () PPhy (9 56 F 0>-CsMes 1 F A7 76 55 K 10
23 [ B I o H 3 A4S Cu-P PR 0.2194(4)
nm 5[CuCl(PPhs)]"¥) Cu-P F#%## 1 (0.219 2(3) nm)
K [WOS;(CuPPhs),Cl]| f4] Cu-P F ¥ 8 £ (0.220 0(5)
nm) 1233 T, FE[WS,(CuPPhy):Cl1HY Cu-P F ¥4 K
(0.221 6(4) nm) & [(1°-CsMes)WS;CusBro(PPhs), ) Cu-
P 7 Hy 4K (0.224 7(3) nm) R 4, 7% BHE T T (-
CsMes) WS, BHES F AL TUWERS [(°-CsMes)WS,]
3 25 0 W 2 = A B AR A A S-W(1)-S B AR R
98.27(12)°~106.44(12)°, 1T 3 4> Cu Jit + Fl i J5i ¥
KA T B, FI[PPhy][(9°-CsMes)WS5] M A St JE W-S
S EEK R 0.2192(2) nm A HE, HE Wous-S FH 8K
(0.225 0(3) nm) A Frffi K
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