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Fig. s1. Structures of six transition-metal cations in sandwich-type POMs. 
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Fig. s2 In situ C-C bond formation in compounds 1 and 2. 

 

 

 

 

 

Fig. s3 ORTEP view of the asymmetric unit in compound 3, showing the atom labeling scheme; the 

inset figure showing the sandwich tetra-metal cluster of {Ni4O14(H2O)2}. 
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Fig. s4 ORTEP view with atom-label of compound 4. The thermal ellipsoids are drawn at the 30% 

probability level. Tetrahedra represented {AsO4}. 

 

 

 

 
 

Fig. s5 The supramolecular assemblies 5 and 6 based protonated bpe or bpp cations and the closed 

α-Keggin [XW12O40]
n-

 (X= P/Si, n= 3 or 4) anions. 
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Fig. s6 XPS of compounds 1 and 2. 
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Fig. s7 UV-vis spectrum of 2 in menthol.  
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Fig. s8 TG curves of 1-2. 
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Table s1 Representive hydrogen bonding distances in 1-2. 

D -H...A(Å) D-H(Å) H...A(Å) D...A(Å) D– H...A (°) 

Compound 1 

N(1)-H(1B)...O(13
i
) 0.86 1.91 2.72(3) 156 

N(2)-H(2)...O(14
ii
) 0.86 2.01 2.848(19) 163 

N(3)-H(3A)...O(30) 0.86 1.95 2.80(2) 168 

N(4)-H(4B)...O(33) 0.86 1.96 2.80(2) 165 

N(5)-H(5B)...O(22
iii

) 0.86 2.09 2.88(2) 152 

O(37)-H(37A)...O(9
iv
) 0.85 2.05 2.79(3) 145 

O(37)-H(37B)...N(5
iii

) 0.90 2.43 3.25(3) 151 

C(5)-H(5A)...O(4
v
) 0.93 2.58 3.51(3) 172 

C(7)-H(7A)...O(25) 0.93 2.39 3.25(3) 153 

C(11)-H(11A)...O(7
vi
) 0.93 2.27 3.11(3) 149 

C(13)-H(13A)...O(22) 0.93 2.48 3.27(3) 143 

C(14)-H(14A)...O(34
iv
) 0.93 2.54 3.35(3) 147 

C(20)-H(20A)...O(3
vii

) 0.93 2.34 3.24(4) 163 

C(24)-H(24A)...O(20
iii

) 0.93 2.33 3.25(3) 169 

C(28)-H(28A)...O(5
vii

) 0.93 2.23 3.05(3) 145 

Symmetry codes: i = x,1+y,z; ii = 2-x,1-y,2-z; iii = 1-x,1-y,2-z; iv = 1-x,1-y,1-z; v = 2-x,2-y,1-z; vi = 2-x,2-y,2-z; vii = x,y,1+z 

Compound 2 

N1-H1B...O5
i
  

O1W-H1WA...O4
ii
  

N2-H2B ...O27
iii

  

O2W-H2WB...N1
iv
  

N3-H3A...O39
v
    

O2W-H2WA...O2W
iv
] 

N4-H4B...O23
vi
    

O3W-H3WA...O22
vii

   

N6-H6B...O14
viii

    

O5W-H5WA...O5W
ix
    

O45-H45A...O21
x
   

C2-H2A...O6
vii

    

C5-H5A...O26
i
    

C6-H6A...O34
xi
    

C7-H7B...O21
x
    

C19-H19A...O8
xi
    

C24-H24A...O22
vi
  

C26-H26A...O36
x
    

C28--H28A...O14
xii

   

0.86 

0.85 

0.86 

0.85 

0.86 

0.85 

0.86 

0.85 

0.86 

0.85 

0.82 

0.93 

0.93 

0.98 

0.97 

0.93 

0.93 

0.93 

0.93 

1.89 

2.11 

1.87 

2.05 

1.97 

2.17 

1.86 

1.96 

2.13 

1.92 

1.98 

2.50 

2.37 

2.34 

2.39 

2.37 

2.43 

2.47 

2.54 

2.71(3) 

2.96(3) 

2.66(3) 

2.84(3) 

2.82(3) 

3.02(2) 

2.69(2) 

2.81(3) 

2.98(2) 

2.76(3) 

2.78(3) 

3.29(3) 

3.29(3) 

3.28(2) 

3.27(3) 

3.25(3) 

3.30(2) 

3.36(2) 

3.44(2) 

159 

171 

152 

152 

169 

172 

160 

178 

166 

168 

165 

142 

172 

162 

150 

159 

155 

161 

164 

Symmetry codes: i = 1/3-y,2/3+x-y,2/3+z ; ii = 2/3-x,1/3-y,1/3-z; iii = x,1+y,z; iv = 1/3-x,5/3-y,2/3-z; v = 1/3+y,5/3-x+y,2/3-z; vi  

= 1/3+x-y,2/3+x,-1/3-z; vii = y,1-x+y,-z; viii = -x+y,1-x,z; ix = y,-x+y,2-z; x = 1/3+x-y,2/3+x,2/3-z; xi = 1/3-y,2/3+x-y,-1/3+z 
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Scheme 1 The proposed formation mechanism of organic reaction: a) 1 and b) 2. 
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