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II.  Synthesis and Standard Characterization

A. Preparation of C2- and meso-[1bCu]2[BF4]2 (diastereomeric mixture). A solution of 1b (20.4 mg, 0.0628 mmol), Cu(MeCN)4][BF4] (20 mg, 0.063 mmol) in methanol (ca. 5 mL) was heated for 1 h under N2.  The still-warm solution was treated with a solution of [NH4][BF4] (0.40 g) in methanol (4 mL) that had been previously filtered through glass wool.  The precipitated complex was collected by filtration, washed with chilled methanol (1 mL) and dried in vacuum over P4O10.  The complex was re-precipitated through slow diffusion of diethyl ether into a celite-filtered nitromethane solution.  Anal. Calc. for C40H30B2Cu2F8N10: C, 50.50; H, 3.18; N, 14.72. Found: C, 49.38; H, 3.07; N, 14.41%; FAB-MS m/z = (NOBA, relative intensity) 865.2 ([1bCu]2[BF4]+, 3%), 776.3 ([1bCu]2+, 4%), 713.3 ([1b2Cu]+, 1%), 388.2 ([1bCu]+, 100%); H(CD3NO2, 400 MHz, -30 °C) 8.79 (dd, J 1.0, 8.4 Hz 1H, H-5’), 8.69 (d, J 2.6 Hz, 1H, H-5), 8.63 - 8.66 (m, 2H,  H-4’, H-3”’), 8.41 (dd, J 1.0, 7.7 Hz, 1H, H-3’), 8.30 (dt, J 0.9, 4.5 Hz, 1H, H-6”’), 8.23 - 8.26 (m, 2H, H-4”’, H-3”’), 8.23 (d, 1H, J 2.6 Hz, 1H, H-6), 7.63 (ddd, 1H, J 1.0, 5.2, 7.4 Hz, H-5”’), 7.57 (m, 1H, H-6”), 7.47 (ddd, 1H, J [image: image4.wmf]0.6, 2.1, 8.3 Hz, 1H, H-3”),7.20 (d, J 8.4 Hz, 1H, H-3”), 2.20/2.10 (s, 3H, H-7");H(CD3CN, 400 MHz, -40 °C) 8.73 (d, J 7.6 Hz, H, H-5’), 8.61 (d, J 2.9 Hz, 1H, H-5), 8.55 - 8.60 (m, 2H, H-4’, H-3”’), 8.30 (d, J 7.0 Hz, 1H, H-3’), 8.16 – 8.21 (m, 2H, H-6”’, H-4”’), 8.07 (d, J 2.6 Hz, 1H, H-6), 7.59 (dt, J 0.9, 6.7 Hz, 1H, H-5”’), 7.41 – 7.42 (m, 1H, H-6”), 7.37 (dd, J 1.4, 8.4 Hz, 1H, H-4”), 7.03 (d, J 8.4 Hz, 1H, H-3”), 2.37/2.12 (s, 3H, H-7”); C(CD3CN, 100 MHz, -40 °C) 154.91 (C, C-6’), 152.69 (C, C-2”), 152.16 (C, C-2’), 151.19 (C, C-2”’), 148.85 (CH, C-6”), 148.14 (CH, C-6”’), 145.90 (C, C-2), 145.46 (CH, C-6), 145.24 (C, C-3), 141.21 (CH, C-5), 140.92 (CH, C-4”), 138.87 (CH, C-4”’), 137.76 (C, C-5”), 137.50 (CH, C-4’), 128.66 (CH, C-5”’), 127.41 (CH, C-5’), 124.38 (CH, C-3”’), 123.35 (CH, C-3’), 122.62 (CH, C-3”), 17.30 (CH3, C-7”).

B.  Preparation of C2-symmetric, -[1bCu]2[BF4]2(CH3OH.  A 
mixture of 1b (11.2 mg, 0.0344 mmol) and copper(I)tetrakis(acetonitrilo) tetrafluoroborate (11.5 mg, 0.0365 mmol) in methanol (ca. 4 mL) under argon was stirred for ca. 1 h at ambient temperature and then stirred violently and heated under reflux conditions.  After ca. 30 min., single crystals formed on the glass above the solvent meniscus.  The mixture was then slowly cooled to ambient temperature over 24 h under argon, over which time further crystals had formed in the reaction mixture.  After ca. 48 h in the refrigerator, the mother liquor was decanted. A red-colored single crystal was covered with perflouropolyether and immediately mounted in the nitrogen cold gas stream of the diffractometer.

III.  Comparison of theoretical and observed bond lengths, bond angles, properties and intramolecular contacts for C2- and meso-[1bCu]2[BF4]2 (five tables).

	Table 1.  Comparison of solid-state and calculated metal-nitrogen and intramolecular C-C contact distances (Å)

	
	Cu-N bond lengths:
	intramolecular C••C  methyl contacts

	
	N(4)
	N(1’)
	N(1”)
	N(1”’)
	

	Found
	1.9879
	2.0070
	2.0226
	2.0225
	3.808

	Found#
	2.0072
	2.0221
	2.0241
	2.0349
	

	C2
	1.8761
	1.8798
	1.8765
	1.8802
	3.962

	meso
	1.8698
	1.8761
	1.8757
	1.8770
	12.059


# refers to non-equivalent halves of molecular dication.

	Table 2.  Comparison of solid-state and calculated N-Cu-N bond angles (°)

	
	N(4)-Cu-N(1”)
	N(1’)-Cu-N(1”’)
	N(4)-Cu-N(1’)
	N(4)-Cu-N(1”’)
	N(1”)-Cu-N(1’)
	N(1”)-Cu-N(1”’)

	Found
	81.334
	82.456
	141.911
	119.388
	109.928
	129.140

	Found# *
	80.921
	81.613
	123.542
	138.902
	126.146
	111.722

	C2
	95.227
	95.223
	119.277
	116.479
	113.469
	118.929

	meso
	94.709
	94.796
	117.557
	116.608
	117.492
	117.520


*: # refers to parameters associated with second ligand equivalent and metal center.

	Table 3.  Comparison of solid-state and 

calculated interplanar angles (°)  and separations (Å)

	
	Interplanar angles:
	Distance of atoms from plane:

	
	Pz - Pz
	Py”-Py”
	Pz – Py”
	From Py” plane
	From Pz plane

	Found
	4.99
	9.02
	
	3.08-3.48 Å

see column1, Table 5

	3.17-3.41 Å

see column 4, Table 5


	Found#
	
	
	
	3.04-3.47 Å

see column 2, Table 5

	3.27-3.46 Å

see column 5, Table 5


	C2
	12.42
	5.54
	
	3.63-3.92 Å

see column 3, Table 5

	3.72-4.30 Å

see column 4, Table 5


	meso
	
	18.54
	3.36-4.44 Å

	3.77-4.45 Å



	Table 4.  Detailed solid-state and

Calculated Atomic Separations from Stacked Rings

	Column
	From Py plane
	N(1”)
	C(2”)
	C(3”)     
	C(4”)     
	C(5”)     
	C(6”)     

	1
	Found
	3.135
	3.077 
	3.274 
	3.473 
	3.483 
	3.330 

	2
	Found#
	3.181 
	3.132 
	3.342 
	3.472 
	3.393 
	3.042 

	3
	C2
	3.733 
	3.633 
	3.766 
	3.905 
	3.921 
	3.851 

	
	From Pz plane
	N(1) 
	C(2) 
	C(3) 
	C(4) 
	C(5) 
	C(6) 

	4
	Found
	3.265
	3.166
	3.280
	3.410
	3.399
	3.352

	5
	Found#
	3.521 
	3.406 
	3.351 
	3.273 
	3.291
	3.463 

	6
	C2
	4.071 
	3.767 
	3.725 
	3.790 
	4.106 
	4.295 


	Table 5. Calculated Properties

	Relative strain energy (kJmol-1)
	33
	0

	Ligand strain energy (kJmol-1)
	902
	913

	Av. Mullikan atomic charge 
	Cu
	-1.087
	-1.110

	
	N(ligating)
	0.677
	0.692

	Dication dipole moment (debye)
	0.7454
	0.0015


IV.  NMR spectroscopy.

A. Measurement details at 600 MHz. 1H NMR relaxation times were measured in MeNO2 at 298 K and at 14.1 Tesla.  Spin-lattice relaxation times (T1) were obtained using inversion-recovery experiments and spin-spin relaxation times (T2) were obtained using CPMG spin-echo experiments (see Table 6).  All errors are those quoted from Varian VNMR software used to analyze relaxation data.
 

	Table 6. Additional 1H NMR spectroscopic properties of

meso- and C2-symmetric [1bCu]2[BF4]2

	parameter
	1H aromatic (av.)
	CH3 (C2)
	CH3 (meso)

	 (CD3NO2), rel. to Me4Si
	
	2.20
	2.10

	T1 (s)
	1.25 ( 0.13
	0.77 ( 0.09
	0.38 ( 0.05

	T2 (s)
	0.30 ( 0.02
	0.25 ( 0.02
	0.22 ( 0.02


B.  Variable temperature plots in MeNO2-d3 at 400 MHz.
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Atom: N(1”)     no.19586 (N )  lies    3.135 A from plane, Atom: N50     


Atom: C(2”)     no. 7346 (C )  lies    3.077 A from plane, Atom: C49     


Atom: C(3”)     no. 8162 (C )  lies    3.274 A from plane, Atom: C54     


Atom: C(4”)     no. 7958 (C )  lies    3.473 A from plane, Atom: C53     


Atom: C(5”)     no. 7754 (C )  lies    3.483 A from plane, Atom: C52     


Atom: C(6”)     no. 7550 (C )  lies    3.330 A from plane, Atom: C51     





�PAGE \# "'Page: '#'�'"  ��


N(1) Atom: N48     no.19394 (N )  lies    3.265 A from plane


C(2) Atom: C43     no. 6542 (C )  lies    3.166 A from plane


C(3) Atom: C44     no. 6746 (C )  lies    3.280 A from plane


C(4) Atom: C46     no. 6950 (C )  lies    3.410 A from plane


C(5) Atom: C47     no. 7154 (C )  lies    3.399 A from plane


C(6) Atom: N45     no.19190 (N )  lies    3.352 A from plane
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N(1")   -3.181 A from plane, Atom: C24   


C(2")   -3.132 A from plane, Atom: C24   


C(3")   -3.342 A from plane, Atom: C23   


C(4")   -3.472 A from plane, Atom: C22   


C(5")   -3.393 A from plane, Atom: C21   


C(6")   -3.042 A from plane, Atom: C19   
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N(1)     lies   -3.521 A from plane,  Atom: N18, no.18374 (N )  


C(2)     lies   -3.406 A from plane,  Atom: C13, no. 2462 (C )  


C(3)	lies   -3.351 A from plane,  Atom: C14, no. 2666 (C )  


N(4)     lies   -3.273 A from plane,  Atom: N15, no.18170 (N )  


C(5)     lies   -3.291 A from plane,  Atom: C16, no. 2870 (C )  


C(6)     lies   -3.463 A from plane,  Atom: C17, no. 3074 (C )  
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Atom: N(1”)  lies    3.733 A from plane


Atom: C(2”)  lies    3.633 A from plane


Atom: C(3”)  lies    3.766 A from plane


Atom: C(4”)  lies    3.905 A from plane


Atom: C(5”)  lies    3.921 A from plane


Atom: C(6”)  lies    3.851 A from plane
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Atom: N(1)   4.071 A


Atom: C(2)   3.767 A


Atom: C(3)   3.725 A


Atom: N(4)   3.790 A


Atom: C(5)   4.106 A


Atom: C(6)   4.295 A
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Atom: N(1)   3.673 A 


Atom: C(2)   3.356 A 


Atom: C(3)   3.597 A 


Atom: N(4)   3.925 A 


Atom: C(5)   4.225 A 


Atom: C(6)   4.156 A 
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Distances from Pz-plane:


Atom: N(1”)  lies   -3.771 A from plane


Atom: C(2”)   no.   31 (C )  lies   -3.922 A from plane


Atom: C(3”)   no.   30 (C )  lies   -4.386 A from plane


Atom: C(4”)   no.   29 (C )  lies   -4.652 A from plane


Atom: C(5”)   no.   27 (C )  lies   -4.463 A from plane


Atom: C(6”)   no.   28 (C )  lies   -4.025 A from plane


Atom: C(7”)   no.   26 (C )  lies   -4.749 A from plane
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