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Synthesis of free ligand L and starting material [Ni(L)].2ClO4.
The free ligand L and starting material [Ni(L)].2ClO4 were prepared according to the literature procedures previously reported.1
A(2HClO4(H2O.

To a cooled (0-4 ºC) ethanol (200 ml) solution of 1,2-diaminocyclohexane (35 ml) was added dropwise 60% perchloric acid (25 ml) with stirring. Methyl vinyl ketone (22 ml) was added over a period of 1 h to the solutions at 0-4 ºC, and then white precipitates of the product were formed. The resulting suspension was allowed to warm up to ambient temperature and then stored overnight to complete crystallization. The white product was filtered off, washed with ethanol, and dried under vacuum. 

L. To a cooled (0-4 ºC) methanol (50 ml) suspension of A(2HClO4 (10.7 g) were slowly added NaOH (1.60 g) and NaBH4 (1.81 g) over a period of 2 h. The resulting mixture was stirred for 2 h at room temperature and then heated at reflux for 20 min. After cooled, the solution was filtered and NaOH (4.8 g) in water (100 ml) was added to the filtrate. The solution was stirred until precipitation of the product was complete. The white product was filtered, washed with water, and air-dried. The product was recrystallized from hot methanol-water (4 : 1) mixture.
[Ni(L)].2ClO4.  A methanol (50 ml) solution of Ni(OAc)2.4H2O (3.5 g) and L (4.7 g) was heated at reflux for 30 min and then cooled to room temperature. Excess amount of NaClO4 was added to the solution. The yellow product formed was filtered, washed and dried.
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Fig. S-1 Solid state electronic spectra for 1 and 2.
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Table S-1.  Crystal data and structure refinement for 1.

Identification code 
k0442

Empirical formula 
C22 H42 N4 Ni O6

Formula weight 
517.31

Temperature 
150(1) K

Wavelength 
0.71073 Å

Crystal system 
Triclinic

Space group 
P -1

Unit cell dimensions
a = 7.4397(3) Å
= 106.5530(18)°.


b = 9.2719(3) Å
= 101.265(2)°.


c = 10.3211(4) Å
 = 109.4730(18)°.

Volume
609.30(4) Å3
Z
1

Density (calculated)
1.410 Mg/m3
Absorption coefficient
0.841 mm-1
F(000)
278

Crystal size
0.20 x 0.18 x 0.05 mm3
Theta range for data collection
2.63 to 27.50°.

Index ranges
-9<=h<=9, -11<=k<=11, -13<=l<=13

Reflections collected
7277

Independent reflections
2771 [R(int) = 0.0399]

Completeness to theta = 27.50°
98.9 % 

Absorption correction
Semi-empirical from equivalents

Max. and min. transmission
0.970 and 0.825

Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
2771 / 0 / 157

Goodness-of-fit on F2
1.060

Final R indices [I>2sigma(I)]
R1 = 0.0317, wR2 = 0.0740

R indices (all data)
R1 = 0.0364, wR2 = 0.0771

Extinction coefficient
none

Largest diff. peak and hole
0.311 and -0.502 e.Å-3
 Table S-2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)

for 1.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor.

________________________________________________________________________________ 


x
y
z
U(eq)

________________________________________________________________________________  
Ni(1)
5000
5000
5000
17(1)

O(1)
1990(2)
3288(1)
4404(1)
24(1)

O(2)
1778(2)
1819(2)
5798(1)
35(1)

O(3)
-178(2)
694(2)
3516(1)
27(1)

N(1)
4148(2)
5790(2)
3361(1)
20(1)

N(2)
5391(2)
3288(2)
3410(1)
21(1)

C(1)
2579(2)
6442(2)
3382(2)
25(1)

C(2)
3157(3)
7757(2)
4871(2)
27(1)

C(3)
2939(3)
7148(2)
6077(2)
27(1)

C(4)
2304(3)
7197(3)
2259(2)
37(1)

C(5)
3934(3)
4573(2)
1976(2)
24(1)

C(6)
1849(3)
3147(2)
1218(2)
30(1)

C(7)
1838(3)
1957(3)
-168(2)
40(1)

C(8)
3455(4)
1312(3)
101(2)
42(1)

C(9)
5527(3)
2737(2)
881(2)
35(1)

C(10)
5595(3)
3960(2)
2273(2)
24(1)

C(11)
1263(2)
1984(2)
4630(2)
21(1)

________________________________________________________________________________ 

 Table S-3.   Bond lengths [Å] and angles [°] for  1.

_____________________________________________________ 

Ni(1)-N(2) 
2.0753(13)

Ni(1)-N(2)#1 
2.0753(13)

Ni(1)-N(1)#1 
2.0975(13)

Ni(1)-N(1) 
2.0975(13)

Ni(1)-O(1)#1 
2.1093(11)

Ni(1)-O(1) 
2.1093(11)

O(1)-C(11) 
1.2576(19)

O(2)-C(11) 
1.260(2)

O(3)-C(11) 
1.335(2)

N(1)-C(1) 
1.483(2)

N(1)-C(5) 
1.488(2)

N(2)-C(3)#1 
1.479(2)

N(2)-C(10) 
1.488(2)

C(1)-C(4) 
1.530(2)

C(1)-C(2) 
1.536(2)

C(2)-C(3) 
1.521(2)

C(3)-N(2)#1 
1.479(2)

C(5)-C(6) 
1.528(2)

C(5)-C(10) 
1.537(2)

C(6)-C(7) 
1.534(3)

C(7)-C(8) 
1.525(3)

C(8)-C(9) 
1.523(3)

C(9)-C(10) 
1.535(2)

N(2)-Ni(1)-N(2)#1
180.000(1)

N(2)-Ni(1)-N(1)#1
96.49(5)

N(2)#1-Ni(1)-N(1)#1
83.51(5)

N(2)-Ni(1)-N(1)
83.51(5)

N(2)#1-Ni(1)-N(1)
96.49(5)

N(1)#1-Ni(1)-N(1)
180.0

N(2)-Ni(1)-O(1)#1
91.87(5)

N(2)#1-Ni(1)-O(1)#1
88.13(5)

N(1)#1-Ni(1)-O(1)#1
89.29(5)

N(1)-Ni(1)-O(1)#1
90.71(5)

N(2)-Ni(1)-O(1)
88.13(5)

N(2)#1-Ni(1)-O(1)
91.87(5)

N(1)#1-Ni(1)-O(1)
90.71(5)

N(1)-Ni(1)-O(1)
89.29(5)

O(1)#1-Ni(1)-O(1)
180.0

C(11)-O(1)-Ni(1)
130.68(11)

C(1)-N(1)-C(5)
117.14(12)

C(1)-N(1)-Ni(1)
118.03(10)

C(5)-N(1)-Ni(1)
109.02(9)

C(3)#1-N(2)-C(10)
113.67(13)

C(3)#1-N(2)-Ni(1)
114.03(10)

C(10)-N(2)-Ni(1)
106.51(9)

N(1)-C(1)-C(4)
112.86(14)

N(1)-C(1)-C(2)
108.77(13)

C(4)-C(1)-C(2)
109.32(14)

C(3)-C(2)-C(1)
117.02(14)

N(2)#1-C(3)-C(2)
111.97(13)

N(1)-C(5)-C(6)
114.86(14)

N(1)-C(5)-C(10)
106.89(12)

C(6)-C(5)-C(10)
112.08(14)

C(5)-C(6)-C(7)
109.91(16)

C(8)-C(7)-C(6)
111.93(15)

C(9)-C(8)-C(7)
110.83(16)

C(8)-C(9)-C(10)
112.24(16)

N(2)-C(10)-C(9)
114.50(14)

N(2)-C(10)-C(5)
108.47(13)

C(9)-C(10)-C(5)
110.24(14)

O(1)-C(11)-O(2)
125.52(15)

O(1)-C(11)-O(3)
115.43(14)

O(2)-C(11)-O(3)
119.05(14)

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1,-y+1,-z+1      

 Table S-4.   Anisotropic displacement parameters  (Å2x 103) for 1.  The anisotropic

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]

______________________________________________________________________________ 


U11
U22 
U33
U23
U13
U12
______________________________________________________________________________ 

Ni(1)
19(1) 
15(1)
18(1) 
9(1)
4(1) 
5(1)

O(1)
20(1) 
21(1)
31(1) 
16(1)
4(1) 
3(1)

O(2)
33(1) 
27(1)
29(1) 
18(1)
-3(1) 
-5(1)

O(3)
32(1) 
19(1)
23(1) 
9(1)
4(1) 
3(1)

N(1)
21(1) 
18(1)
20(1) 
9(1)
5(1) 
7(1)

N(2)
23(1) 
19(1)
20(1) 
10(1)
5(1) 
9(1)

C(1)
26(1) 
28(1)
25(1) 
15(1)
7(1) 
14(1)

C(2)
33(1) 
28(1)
28(1) 
15(1)
11(1) 
19(1)

C(3)
34(1) 
32(1)
25(1) 
14(1)
12(1) 
21(1)

C(4)
50(1) 
49(1)
32(1) 
25(1)
15(1) 
35(1)

C(5)
30(1) 
24(1)
19(1) 
11(1)
7(1) 
11(1)

C(6)
32(1) 
29(1)
22(1) 
8(1)
-1(1) 
10(1)

C(7)
53(1) 
33(1)
23(1) 
4(1)
-2(1) 
17(1)

C(8)
66(1) 
35(1)
21(1) 
5(1)
5(1) 
26(1)

C(9)
55(1) 
40(1)
24(1) 
16(1)
17(1) 
31(1)

C(10)
31(1) 
25(1)
21(1) 
12(1)
9(1) 
14(1)

C(11)
18(1) 
20(1)
26(1) 
11(1)
7(1) 
6(1)

______________________________________________________________________________ 

 Table S-5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)

for 1.

________________________________________________________________________________ 


x 
y 
z 
U(eq)

________________________________________________________________________________ 

H(1)
5298
6710
3520
23

H(2)
4211
2325
3026
25

H(1A)
1270
5514
3197
29

H(2A)
4576
8539
5134
32

H(2B)
2321
8387
4806
32

H(3A)
2907
8021
6879
32

H(3B)
1646
6166
5739
32

H(4A)
1863
6344
1304
56

H(4B)
3586
8090
2412
56

H(4C)
1287
7640
2341
56

H(5A)
4219
5181
1328
28

H(6A)
834
3587
997
36

H(6B)
1493
2549
1850
36

H(7A)
500
1012
-626
48

H(7B)
2063
2535
-833
48

H(8A)
3151
631
680
50

H(8B)
3453
603
-821
50

H(9A)
5897
3331
248
42

H(9B)
6533
2288
1101
42

H(10A)
6923
4936
2650
29

H(1O)
-620(40)
-60(30)
3780(30)
52(7)

________________________________________________________________________________ 

 Table S-6.  Hydrogen bonds for 1  [Å and °].

____________________________________________________________________________ 

D-H...A
d(D-H)
d(H...A)
d(D...A)
<(DHA)

____________________________________________________________________________ 

 N(1)-H(1)...O(2)#1
0.93
1.99
2.8724(18)
157.5

 O(3)-H(1O)...O(2)#2
0.81(3)
1.79(3)
2.6012(17)
175(3)

____________________________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1,-y+1,-z+1    #2 -x,-y,-z+1      

 Table S-7.  Crystal data and structure refinement for 2.

Identification code 
k0440

Empirical formula 
C22 H42 N4 Ni O6

Formula weight 
517.31

Temperature 
150(1) K

Wavelength 
0.71073 Å

Crystal system 
Monoclinic

Space group 
P 21/n

Unit cell dimensions
a = 9.3483(3) Å
= 90°.


b = 9.9583(3) Å
= 102.9710(16)°.


c = 12.8621(4) Å
 = 90°.

Volume
1166.82(6) Å3
Z
2

Density (calculated)
1.472 Mg/m3
Absorption coefficient
0.878 mm-1
F(000)
556

Crystal size
0.36 x 0.26 x 0.22 mm3
Theta range for data collection
3.19 to 27.48°.

Index ranges
-12<=h<=11, -11<=k<=12, -15<=l<=16

Reflections collected
8287

Independent reflections
2655 [R(int) = 0.0348]

Completeness to theta = 27.48°
99.0 % 

Absorption correction
Semi-empirical from equivalents

Max. and min. transmission
0.825 and 0.730

Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
2655 / 1 / 156

Goodness-of-fit on F2
1.070

Final R indices [I>2sigma(I)]
R1 = 0.0427, wR2 = 0.1320

R indices (all data)
R1 = 0.0475, wR2 = 0.1360

Largest diff. peak and hole
0.457 and -0.918 e.Å-3
 Table S-8.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)

for 2.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor.

________________________________________________________________________________ 


x
y
z
U(eq)

________________________________________________________________________________  
Ni(1)
5000
5000
5000
16(1)

N(1)
4653(2)
5800(2)
3569(1)
13(1)

N(2)
5649(2)
3410(2)
4354(1)
13(1)

C(1)
4757(3)
7265(2)
3388(2)
18(1)

C(2)
4030(3)
8094(2)
4111(2)
19(1)

C(3)
4723(2)
7948(2)
5297(2)
17(1)

C(4)
6374(3)
8168(2)
5576(2)
22(1)

C(5)
5576(2)
5031(2)
2967(2)
13(1)

C(6)
5280(3)
5335(3)
1772(2)
18(1)

C(7)
6264(2)
4445(2)
1260(2)
20(1)

C(8)
5957(3)
2966(2)
1428(2)
21(1)

C(9)
6243(2)
2642(2)
2621(2)
19(1)

C(10)
5328(2)
3559(2)
3170(2)
14(1)

C(11)
1064(3)
5018(2)
3816(2)
17(1)

O(1)
1573(2)
5444(2)
4753(1)
26(1)

O(2)
-270(2)
4429(2)
3620(1)
27(1)

O(3)
1663(2)
5094(2)
3047(2)
26(1)

________________________________________________________________________________ 

 Table S-9.   Bond lengths [Å] and angles [°] for  2.

_____________________________________________________ 

Ni(1)-N(2) 
1.9472(17)

Ni(1)-N(2)#1 
1.9472(17)

Ni(1)-N(1) 
1.9643(17)

Ni(1)-N(1)#1 
1.9643(17)

N(1)-C(1) 
1.484(3)

N(1)-C(5) 
1.493(3)

N(2)-C(3)#1 
1.491(3)

N(2)-C(10) 
1.491(3)

C(1)-C(2) 
1.514(3)

C(2)-C(3) 
1.524(3)

C(3)-N(2)#1 
1.491(3)

C(3)-C(4) 
1.521(3)

C(5)-C(10) 
1.516(3)

C(5)-C(6) 
1.529(3)

C(6)-C(7) 
1.529(3)

C(7)-C(8) 
1.526(3)

C(8)-C(9) 
1.532(3)

C(9)-C(10) 
1.528(3)

C(11)-O(3) 
1.244(3)

C(11)-O(1) 
1.265(3)

C(11)-O(2) 
1.350(3)

N(2)-Ni(1)-N(2)#1
180.00(9)

N(2)-Ni(1)-N(1)
86.06(7)

N(2)#1-Ni(1)-N(1)
93.94(7)

N(2)-Ni(1)-N(1)#1
93.94(7)

N(2)#1-Ni(1)-N(1)#1
86.06(7)

N(1)-Ni(1)-N(1)#1
180.0

C(1)-N(1)-C(5)
110.90(16)

C(1)-N(1)-Ni(1)
122.89(13)

C(5)-N(1)-Ni(1)
106.57(12)

C(3)#1-N(2)-C(10)
113.02(16)

C(3)#1-N(2)-Ni(1)
119.52(13)

C(10)-N(2)-Ni(1)
110.16(12)

N(1)-C(1)-C(2)
112.67(18)

C(1)-C(2)-C(3)
114.46(18)

N(2)#1-C(3)-C(4)
110.62(18)

N(2)#1-C(3)-C(2)
108.26(17)

C(4)-C(3)-C(2)
113.79(19)

N(1)-C(5)-C(10)
106.14(17)

N(1)-C(5)-C(6)
115.12(17)

C(10)-C(5)-C(6)
111.39(18)

C(7)-C(6)-C(5)
109.13(18)

C(8)-C(7)-C(6)
110.41(19)

C(7)-C(8)-C(9)
110.41(18)

C(10)-C(9)-C(8)
110.30(18)

N(2)-C(10)-C(5)
105.58(16)

N(2)-C(10)-C(9)
114.02(17)

C(5)-C(10)-C(9)
112.06(18)

O(3)-C(11)-O(1)
126.7(2)

O(3)-C(11)-O(2)
116.1(2)

O(1)-C(11)-O(2)
117.3(2)

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1,-y+1,-z+1      

 Table S-10.   Anisotropic displacement parameters  (Å2x 103) for 2.  The anisotropic

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]

______________________________________________________________________________ 


U11
U22 
U33
U23
U13
U12
______________________________________________________________________________ 

Ni(1)
17(1) 
15(1)
14(1) 
0(1)
3(1) 
0(1)

N(1)
14(1) 
13(1)
11(1) 
0(1)
3(1) 
0(1)

N(2)
14(1) 
12(1)
12(1) 
0(1)
3(1) 
0(1)

C(1)
25(1) 
14(1)
15(1) 
1(1)
6(1) 
-1(1)

C(2)
26(1) 
13(1)
18(1) 
3(1)
4(1) 
5(1)

C(3)
23(1) 
11(1)
17(1) 
1(1)
8(1) 
-1(1)

C(4)
25(1) 
21(1)
21(1) 
-2(1)
6(1) 
-8(1)

C(5)
13(1) 
15(1)
10(1) 
0(1)
2(1) 
0(1)

C(6)
19(1) 
25(1)
11(1) 
2(1)
4(1) 
2(1)

C(7)
19(1) 
30(1)
13(1) 
0(1)
5(1) 
1(1)

C(8)
21(1) 
27(1)
15(1) 
-7(1)
6(1) 
0(1)

C(9)
21(1) 
19(1)
17(1) 
-3(1)
6(1) 
1(1)

C(10)
14(1) 
15(1)
11(1) 
-2(1)
2(1) 
-1(1)

C(11)
13(1) 
16(1)
20(1) 
0(1)
0(1) 
0(1)

O(1)
17(1) 
41(1)
19(1) 
-3(1)
1(1) 
-10(1)

O(2)
19(1) 
38(1)
23(1) 
-10(1)
4(1) 
-11(1)

O(3)
18(1) 
39(1)
21(1) 
-5(1)
5(1) 
-5(1)

______________________________________________________________________________ 

 Table S-11.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)

for 2.

________________________________________________________________________________ 


x 
y 
z 
U(eq)

________________________________________________________________________________ 

H(1)
3691
5574
3247
15

H(2)
6667
3448
4558
15

H(1A)
4288
7470
2635
21

H(1B)
5804
7522
3509
21

H(2A)
2984
7832
3986
23

H(2B)
4067
9052
3911
23

H(3)
4266
8631
5691
20

H(4A)
6706
8306
6347
33

H(4B)
6616
8960
5197
33

H(4C)
6866
7378
5364
33

H(5A)
6628
5244
3285
15

H(6A)
4236
5159
1438
22

H(6B)
5487
6293
1661
22

H(7A)
6080
4640
487
24

H(7B)
7307
4646
1580
24

H(8A)
6596
2401
1089
25

H(8B)
4923
2758
1085
25

H(9A)
5987
1693
2719
23

H(9B)
7298
2766
2950
23

H(10A)
4267
3350
2881
16

H(1O)
-610(30)
4510(40)
4148(16)
32(8)

________________________________________________________________________________ 

 Table S-12.  Hydrogen bonds for 2  [Å and °].

____________________________________________________________________________ 

D-H...A
d(D-H)
d(H...A)
d(D...A)
<(DHA)

____________________________________________________________________________ 

 N(1)-H(1)...O(3)
0.93
1.92
2.814(3)
161.8

 N(2)-H(2)...O(1)#1
0.93
2.01
2.834(2)
146.1

 O(2)-H(1O)...O(1)#2
0.819(5)
1.836(7)
2.651(3)
173(4)

____________________________________________________________________________ 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1,-y+1,-z+1    #2 -x,-y+1,-z+1      
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