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Synthesis, Structure and Magnetic Properties of Phenoxo-Bridged Polynuclear
Cu(l) Complexes
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(Department of Chemustry, Tsinghua University, Beijing 100084, China)

Abstract: Two polynuclear copper complexes containing the flexible ligand N,N’-dimethyl-N,N'-(2-hydroxy-4,5-
dimethylbenzyl)ethylenediamine (H,L) have been prepared and characterized structurally and magnetically. The
complexes have the formula [Cu";(L),(CH;0H),](Cl0y4),(1) and [Cu';(L),(Cu'Cl,),](2). X-ray single-crystal structure
analyses show that both complexes contain linear Cu"-Cu"-Cu" cores where adjacent Cu(Il) ions are doubly
bridged by phenolate groups of L2~. The coordination sphere of the terminal Cu(ll) ions is square pyramidal with
the methanol oxygen (complex 1) or the chloride ion of [CuCly]~ (complex 2) situated at the apical position,
whereas the central Cu(ll) has a square coordination environment. The Cu"-O-Cu" bridging bond angles are in the
range of 100.14°~101.79°. Magnetic studies show that both complexes exhibit strong antiferromagnetic interaction
with the spin exchange coupling constants (J) of —277(9) em™ (1) and —299(3) ecm™ (2) (H=-2J(S-$,+5,+S5). The
antiferromagnetic interactions have been found to be mainly related to the Cu"™0-Cu" bond angles. Larger Cu-O-

Cu bond angles correspond to stronger antiferromagnetic interaction (more negative J values). CCDC 1057549, 1;

1057550, 2.
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Table 1 Crystallographic data for complexes 1 and 2

1 2
Formula CieHesCLCusN,O 14 CuHeCLCusN,O4
Formula weight 1 162.56 1 168.46
T/K 293 293
Crystal system Monoclinic Monoclinic
Space group P2i/n P2//c
a/nm 1.308 65(12) 1.193 81(7)
b / nm 1.584 45(17) 2.632(7)
¢/ nm 1.371 58(14) 2.889 5(11)
B/ 115.68(3) 102.342(2)
V[ nm? 2.562 9(4) 2.500 3(3)
A 2 2
D./ (g-em™) 1.506 1.552
Data/restraints/parameters 5 753/0/314 5 696/0/277
Ry 0.063 4 0.051 8
Reflections [I>20(1)] 3642 4323
Goodness-of-fit on F 1.043 1.070
R\[I>20(1)) 0.062 4 0.036 3
wRH(all data) 0.205 3 0.108 8

F2 EBEEVI2HEZERK@mMER(C)
Table 2 Selected bond distances (nm) and bond angles (°) for Complexes 1~2

Complex 1
Cu(1)---Cu(2) 0.299 09(5) Cu(2)-N(1) 0.201 8(4) Cu(1)-0(1) 0.192 3(3)
Cu(2)-N(2) 0.202 5(4) Cu(1)-0(2) 0.194 5(3) Cu(2)-0(3) 0.226 4(5)
Cu(2)-0(2) 0.192 1(3) Cu(2)-0(1) 0.193 1(3)
0(2)-Cu(2)-N(1) 158.78(16) 0(2)-Cu(2)-0(1) 77.25(12) 0(1)-Cu(1)-0(24) 103.12(13)
0(1)-Cu(2)-N(1) 94.52(15) 0(1)-Cu(2)-0(3) 92.46(17) 0(2)-Cu(2)-N(2) 94.97(15)
N(1)-Cu(2)-N(2) 87.85(16) 0(1)-Cu(2)-N(2) 163.97(16) Cu(1)-0(1)-Cu(2) 101.79(13)
Cu(1)-0(2)-Cu(2) 101.36(13)

Complex 2
Cu(1)-+-Cu(2) 0.298 98(3) Cu(2)-0(2) 0.194 55(18) Cu(1)-0(1) 0.193 02(18)
Cu(2)-N(1) 0.201 2(3) Cu(1)-0(2) 0.195 33(17) Cu(2)-N(2) 0.203 4(3)
Cu(2)-0(1) 0.194 54(18) Cu(2)-CI(1) 0.260 13(9) Cu(3)-Cl(2) 0.212 15(10)
Cu(3)-CI(1) 0.214 16(10)
0O(1A)-Cu(1)-0(2A) 77.41(7) N(1)-Cu(2)-CI(1) 107.66(10) O(1)-Cu(1)-0(2A) 102.59(7)
N(2)-Cu(2)-CI(1) 104.14(8) 0(1)-Cu(2)-CI(1) 91.98(6) N(1)-Cu(2)-Cu(1) 123.65(8)
0(2)-Cu(2)-CI(1) 94.42(6) Cu(1)-0(2)-Cu(2) 100.14(8) Cu(1)-0(1)-Cu(2) 100.97(8)

T 0.192 3(3)~0.195 33(17) nm WIEHE . W5 Cu"  nm, HWOPFEECAE FEKEIR K28 BEY 2
BT M AL AL, AW L b e RIS [Cu'Cly) b i SRS o A U TR AL
o0 F HY B A 480 F LA, Cu-O B K 0.226 4(5)  Cu-Cl #K°H 0.260 13(9) nm, FL&H 2 H Cu' BT
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Symmetry code:A: —x, —y, 1-z
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Fig.1 Left: Crystal structure of complex 1; Right: side view of the molecule showing the curved ligands 1>

Symmetry code:A: —x, -y, 1-z
K2 AL TEY 2 MRS, A LTS 80 T A 1A
Fig.2  Left: Crystal structure of complex 2; Right: side view of the molecule
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Fig.3 Temperature dependence of y,,I" for complexes 1 and 2
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Fig.4 Field dependence of magnetization at 2 K for complexes 1 and 2
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Table 3 Comparison of the magnetic property for bis(phenoxo)-bridged Cu(l) complexes

Compound 2J/ em™ £ Cu"-0-Cu"/(°) O 1 (°) d(Cu-0) / nm o/ ()P Ref.
[Cus(L)CLJ[ Cus(L')(H:0),]CI(C10,) 801 102.4-107.5 1047 0.192 5-0.200 1(0.196 3) 0.98.4.4 28
[Cus(1)(H:0),]F5(CH,OH), 784 103.65 103.65  0.198 24.0.198 42(0.198 33) 0 28
[Cus(L)(H:0),](BE.), ~689 98.8 988  0.1919,0.188 4(0.1902) 0 28
2 -598 100.14/100.97 100.55  0.193 02~0.195 33(0.194 33) 19.88 This work
1 -574 101.79/101.36 101.57 0.192 1~0.214 5(0.193 0) 15.77 This work
[{Cu(L)(MeOH)}):Cul(C10y) 511 101.15,101.08 101.12 0191 0~0.195 8(0.193 4) 14.85 19
[{Cu(L)CL}:Cu] 482 98.7/98.0 984 0.1907~0.197 9(0.194 3) 2542 20
[{Cu(L)(CHCN):Cul 474 99.9/99.2 99.55  0.1923~0.197 3(0.194 7) 14.82 21
[{Cu(d4-bipy)osLT):Cu(HL0):1(C105) —442 98.9/98.7 988  0.195 1~0.197 4(0.196 3) 329 24
[{Cu(L9(H.0)}:Cul(NOy), —414 97.2/98.1 97.65  0.194 8~0.198 8(0.197 2) 33.47 24
[{Cu(L)C1}:Cu] 370 97.2/97.7 97.45  0.1942~0.201 9(0.195 2) 23.70 25
[{(Cu(L)C1}:Cu] 3455 98.3.96.9 97.6  0.190 0~0.200 5(0.195 3) 27.48 26
[{Cu(L°)(Br3)},Cu(H,0),] -330 96.6,97.1 96.85 0.194 2~0.198 3(0.196 6) 34.44 24
[{Cu(L%)(MeOH)},Cu(H,0),](C104), -323 96.5,96.1 96.3 0.195 0-0.197 7(0.196 0) 36.47 24
[{Cu(L)},Cu](C104), =314 98.3,98.4 98.35 0.192 7~0.195 6(0.194 1) 9.38 27
[{Cu(L)(MeOH)},Cu](C10y), -303 101.4,100.6 101.0 0.191 4~0.196 6(0.193 5) 13.2 20
[{Cu(LH)(MeOH)).Cu(H0),|(BE,), 295 96.5.96.1 963 0.1954~0.197 4(0.196 2) 36.43 2%

*0,, is the average value of the Cu"-O-Cu" bond angles. " ¢ is the dihedral angle for the CuO, planes. L'=1:1 condensation of 4-methyl-2,6-
diformylphenol and 1,4-butanediamine, 1.°=1:1 condensation of 4-methyl-2,6-diformylphenol and 1,3-diaminopropane, I.*=1:1 condensation
of 4-methyl-2,6-diacetylphenol and 1,2-diaminoethane, L*=bis (2-hydroxybenzyl)-1,3-diamino-2-propane, 1.°=1,7-bis (2-hydroxyphenyl)-2,6-
diaza-4-hydroxylheptane, L°=N, N'-dimethyl-N,N'-bis (2-hydroxy-3-methoxy-5-methylbenzyl)-ethylenediamine, 1'=1,5-bis(2-hydroxybenzyl)-
1,5-diazacyclooctane, L*=N, N-his(2-hydroxybenzyl)-1,4-diazacycloheptane.

SR E A RS RRREAT e BCEAT RS AR 20 K LA S5 T DLZOS P Cu® 88 5~ 2 1A] A G AH B | 2k
T xuT ERFEARSTE & 2R I T TR s A Tz s R AR S M R R A 00,

HAEH 2 2
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BeA& 9 1.2 4% 1) [m] M 3 e R %5 0 5 A5 Xo =g 2exp[(]/(kT) +exp[-2J/(kT)]+1
(H=-2] (S,+$:+8,Sy), MBI Cu*i S{HN §,=8,=8:= ML G rI i H 3 285 J g fl 2] UG 2] N

12, IFRAEY 1.2 8 Co* MO RILE = S Flamin s w8, 78 5~300 K i B0 Fl N B B0
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