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Heptanuclear Hydroxo-Bridged Copper Cluster of the Dicubane-Like Type: Structural and Magnetic Characterisations of [Cu7(OH)6Cl2(pn)6(H2O)2](C(CN)3)4Cl2 

(pn = NH2(CH2)3NH2)

Smaïl Triki,a,* Franck Thétiot,a Jean Sala Pala,a Stéphane Golhen,b Juan M. Clemente,c Carlos J. Gómez-García,c Eugenio Coronadoc
S1: synthesis of and IR spectroscopy of 1
All reactions were performed under aerobic conditions. To a warm aqueous solution (20 mL) of cupric chloride dihydrate (2.042 g, 12 mmol) was slowly added 1.00 mL (12 mmol) of 1,3-diaminopropane and then 20 mL of an 0.6 M (12 mmol) aqueous solution of sodium hydroxide  with heating and continuous stirring. To the resulting clear solution were immediately and consecutively added concentrated aqueous solutions of CuCl2.2H2O (0.340 g, 2 mmol) and potassium tricyanomethanide (1.031 g, 8 mmol). Evaporation of this solution gave blue prismatic crystals of [Cu7(OH)6(pn)6](tcm)4Cl4.2H2O suitable for crystallography.

yield 1.28 g, 42%

Anal. Calcd. for C34H70N24O8Cl4Cu7: Cu, 29.08; C, 26.70; H, 4.61; N, 21.98; Cl, 9.27 Found: Cu, 29.18; C, 26.92; H, 4.61; N, 21.93; Cl, 9.16
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S2: X-ray Crystallography
Crystallographic data for [Cu7(OH)6Cl2(pn)6(H2O)2](C(CN)3)4Cl2 (1)

___________________________________________________________________________________

chemical formulaa




C34H70N24O8Cl4Cu7
formula weighta





1529.68

Space group





C 1 2/c 1 (N° 15)

a(Å)






24.8994(3)

b(Å)






11.9801(2)

c(Å)






21.4298(3)

(°)






112.14(6)

U(Å3)






5920(2)

Z






4

Crystal dim(mm)





0.32*0.22*0.22

Dcalc (g.cm-3))





1.72

F(000)






3108

(cm-1)






27.21

Temperature (K)





288

Wavelength (Å)





0.71073

Radiation





Mo-K graphite monochromated

Diffractometer





Nonius Kappa CCD

hkl range





0,32/0,15/-27,+25

2 limits (°)





5-55

Reflections measured




11930

Reflections unique / Rint




6593 / 0.021

Reflections with I > 4(I) / Nv



3924 / 351

bR(F0)






0.044

cR(F0)






0.065

dG.O.F






1.729

max / min (eÅ-3)




0.278 / -0.091








0.20

___________________________________________________________________________________

aThere is 0.5 chemical formula in the asymmetric unit. bR=|Fo-Fc|/Fo. cR=[(Fo-Fc)2/(Fo)2]1/2.

dG.O.F = [(w|Fo|-|Fc|)2/(Nobs-Nvar)]1/2.  = 4Fo2/(2(Fo2)+(0.04Fo2)2)

S2: X-ray Crystallography (continued)
Positional Parameters of compound 1.

_________________________________________________________

Atom      x           y            z          Ueqv

_________________________________________________________

Cu1   0.2500       0.2500       0.5000       0.0201(3)  

Cu2   0.15501(2)   0.37777(4)   0.36187(2)   0.0236(2)  

Cu3   0.16756(2)   0.10496(4)   0.36235(2)   0.0244(2)  

Cu4   0.11352(2)   0.21127(5)   0.44902(2)   0.0250(2)  

O1    0.1853(1)    0.3542(3)    0.4611(1)    0.025(1)   

O2    0.1896(1)    0.1347(2)    0.4615(1)    0.023(1)   

O3    0.1159(1)    0.2329(2)    0.3578(1)    0.022(1)   

N1    0.1060(2)    0.4068(3)    0.2639(2)    0.034(2)   

N2    0.1891(2)    0.5303(3)    0.3754(2)    0.035(2)   

C1    0.1305(2)    0.4710(5)    0.2239(2)    0.046(2)   

C2    0.1522(3)    0.5872(5)    0.2552(2)    0.044(3)   

C3    0.2034(2)    0.5809(5)    0.3191(2)    0.045(2)   

N3    0.1262(2)    0.0640(4)    0.2647(2)    0.031(2)   

N4    0.2175(2)    -0.0288(3)   0.3809(2)    0.035(2)   

C4    0.1618(2)    0.0220(5)    0.2292(2)    0.044(2)   

C5    0.1958(2)    -0.0833(4)   0.2632(2)    0.043(2)   

C6    0.2427(2)    -0.0599(5)   0.3293(2)    0.046(2)   

N5    0.0378(2)    0.2926(4)    0.4241(2)    0.040(2)   

N6    0.1170(2)    0.1762(4)    0.5406(2)    0.035(2)   

C7    0.0309(2)    0.3671(5)    0.4732(2)    0.052(3)   

C8    0.0411(2)    0.3097(6)    0.5414(2)    0.056(3)   

C9    0.1017(3)    0.2729(5)    0.5772(3)    0.055(3)   

N7    0.1845(2)    -0.0640(4)   0.5301(2)    0.047(2)   

N8    0.1546(2)    -0.4296(4)   0.5060(2)    0.051(2)   

N9    0.0953(2)    -0.2406(4)   0.6437(2)    0.060(3)   

C10   0.1410(2)    -0.2423(4)   0.5545(2)    0.035(2)   

C11   0.1644(2)    -0.1432(4)   0.5406(2)    0.035(2)   

C12   0.1483(2)    -0.3442(4)   0.5275(2)    0.034(2)   

C13   0.1158(2)    -0.2406(4)   0.6037(2)    0.038(2)   

N10   -0.0481(2)   -0.1437(5)   0.3010(3)    0.068(3)   

N11   0.1411(2)    -0.2183(4)   0.3829(3)    0.054(3)   

N12   0.0208(2)    -0.4913(4)   0.3366(2)    0.056(3)   

C14   0.0364(2)    -0.2799(5)   0.3433(2)    0.041(2)   

C15   -0.0097(2)   -0.2043(5)   0.3199(3)    0.047(3)   

C16   0.0935(2)    -0.2426(4)   0.3651(3)    0.041(2)   

C17   0.0267(2)    -0.3960(5)   0.3394(2)    0.041(2)   

CL1   0.24306(5)   0.25950(9)   0.35591(6)   0.0341(5)  

CL2   0.0000       0.1866(2)    0.2500       0.0386(9)  

CL3   0.0000       0.0000       0.5000       0.096(1)   

O4    0.0614(2)    0.0351(4)    0.3941(2)    0.061(2)   

H01   0.1821       0.4163       0.4846       0.0507    *

H02   0.1937       0.0765       0.4852       0.0507    *

H03   0.0796       0.2273       0.3242       0.0507    *

H04   0.0528       0.0031       0.4263       0.0507    *

H05   0.0295       0.0496       0.3503       0.0507    *

_________________________________________________________

*atom not refined

S2: X-ray Crystallography (continued)

Bond distances (Å) and bond angles (°) in compound 1 

_________________________________________

Cu1     O1      1.960(3)      Cu1     Cl1     3.029(2)

Cu1     O2      1.979(3)      Cu2     Cl1     2.654(2)

Cu2     O1      1.991(3)      Cu3     Cl1     2.679(2)

Cu2     O3      1.977(3)      Cu2     N1      2.021(3)

Cu3     O2      2.016(3)      Cu2     N2      1.989(4)

Cu3     O3      1.980(3)      Cu3     N3      2.013(3)

Cu4     O1      2.417(3)      Cu3     N4      1.975(4)

Cu4     O2      2.029(3)      Cu4     N5      2.007(4)

Cu4     O3      1.994(3)      Cu4     N6      1.977(4)

Cu4     O4      2.524(4)

O1      H01     0.9173        N7      H02     1.9947  

O2      H02     0.8459        N8      C12     1.156(7)

O3      H03     0.9210        N8      H01     2.0803  

N1      C1      1.448(7)      N9      C13     1.149(9)

N2      C3      1.509(7)      C10     C11     1.404(7)

C1      C2      1.551(8)      C10     C12     1.392(7)

C2      C3      1.478(6)      C10     C13     1.416(9)

N3      C4      1.459(7)      N10     C15     1.145(8)

N4      C6      1.510(7)      N11     C16     1.139(8)

C4      C5      1.540(7)      N12     C17     1.149(7)

C5      C6      1.485(6)      C14     C15     1.399(8)

N5      C7      1.439(8)      C14     C16     1.391(8)

N6      C9      1.525(8)      C14     C17     1.410(8)

C7      C8      1.547(8)      Cl2     H03     2.0783  

C8      C9      1.479(8)      O4      H04     0.8825  

N7      C11     1.133(7)      O4      H05     0.9911       

O1    CU1   O1    180.00        CU3   O3   H03   114.24  

O1    CU1   O2    83.9(1)       CU4   O3   H03   111.97  

O1    CU1   O2    96.1(1)       CU2   N1   C1    118.9(3)

O2    CU1   O2    180.00        CU2   N2   C3    118.0(3)

O1    CU2   O3    84.5(1)       N1    C1   C2    112.1(4)

O1    CU2   N1    166.2(2)      C1    C2   C3    113.1(4)

O1    CU2   N2    90.3(1)       N2    C3   C2    112.4(5)

O3    CU2   N1    90.6(1)       CU3   N3   C4    116.9(3)

O3    CU2   N2    171.6(2)      CU3   N4   C6    117.2(3)

N1    CU2   N2    92.9(2)       N3    C4   C5    111.7(4)

O2    CU3   O3    80.1(1)       C4    C5   C6    113.0(4)

O2    CU3   N3    165.4(2)      N4    C6   C5    110.5(4)

O2    CU3   N4    91.8(1)       CU4   N5   C7    117.8(3)

O3    CU3   N3    94.0(1)       CU4   N6   C9    115.0(3)

O3    CU3   N4    170.5(2)      N5    C7   C8    113.1(5)

N3    CU3   N4    92.8(2)       C7    C8   C9    113.2(5)

O1    CU4   O2    72.0(1)       N6    C9   C8    111.4(4)

O1    CU4   O3    73.7(1)       C11   N7   H02   160.25  

O1    CU4   N5    105.4(2)      C12   N8   H01   168.12  

O1    CU4   N6    106.9(1)      C11   C10  C12   121.6(6)

O1    CU4   O4    150.7(1)      C11   C10  C13   118.9(5)

O2    CU4   O3    79.5(1)       C12   C10  C13   119.1(5)

O2    CU4   N5    172.2(2)      N7    C11  C10   178.5(5)

O2    CU4   N6    94.8(1)       N8    C12  C10   178.9(5)

O2    CU4   O4    88.5(1)       N9    C13  C10   179.2(5)

S2: X-ray Crystallography (continued)

Bond distances (Å) and bond angles (°) in compound 1 (continued)

O3    CU4   N5    92.8(2)       C15   C14  C16   120.6(5)

O3    CU4   N6    173.8(2)      C15   C14  C17   121.2(5)

O3    CU4   O4    81.5(1)       C16   C14  C17   117.9(5)

N5    CU4   N6    93.0(2)       N10   C15  C14   178.9(7)

N5    CU4   O4    90.9(2)       N11   C16  C14   176.0(6)

N6    CU4   O4    96.2(2)       N12   C17  C14   177.6(6)

CU1   O1   CU2    117.6(2)      H03   CL2  H03   152.81  

CU1   O1   CU4    92.9(1)       H03   CL2  H05   67.81   

CU2   O1   CU4    91.10(9)      H03   CL2  H05   132.58  

CU2   O1   H01    113.30        H03   CL2  H05   132.58  

CU4   O1   H01    114.87        H03   CL2  H05   67.81   

CU1   O2   CU3    115.1(2)      H05   CL2  H05   101.02  

CU1   O2   CU4    105.3(1)      H04   CL3  H04   180.00  

CU1   O2   H02    115.11        CU4   O4   H04   103.44  

CU3   O2   CU4    94.11(9)      CU4   O4   H05   112.57  

CU3   O2   H02    114.20        H04   O4   H05   118.22  

CU4   O2   H02    110.35        O1    H01  N8    160.64  

CU2   O3   CU3    112.1(1)      O2    H02  N7    167.29  

CU2   O3   CU4    105.5(1)      O3    H03  CL2   170.54  

CU2   O3   H03    114.83        CL3   H04  O4    150.73  

CU3   O3   CU4    96.3(1)       CL2   H05  O4    140.84  

____________________________________________

S2: X-ray Crystallography (continued)
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