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Experimental Methods

Materials. 1,8-Dibromooct-4-ene-2,6-diyne was prepared according to a literature method.1,2 Reactions were carried out under nitrogen using Schlenk and drybox techniques. Hydrocarbon solvents such as diethyl ether and benzene were dried by distillation over sodium/benzophenone prior to use. Methylene chloride and n-butylamine were dried by distillation over calcium hydride. Organic enediynes were purified by flash chromatography using silica gel (200-440 mesh). All other chemicals and solvents were used as received from Aldrich, Strem, and Fluka. 


Physical Measurements. 1H NMR and 13C NMR spectra were recorded on a VXR 400 NMR spectrometer using the residual proton resonance of the solvent as an internal reference. Infrared spectra were recorded on a Nicolet 510P FTIR spectrometer. Elemental analyses on all samples were obtained from Robertson Microlit Laboratories Inc., and mass spectral data were obtained at the University of Illinois with a micromass Quatto-I mass spectrometer. Differential scanning calorimetry (DSC) traces were recorded on a V4.1 Dupont 910 DSC differential scanning calorimeter coupled to a Dupont thermal analyst 2100 at a heating rate of 10 oC min-1.


1,4-Dibenzyl-1,4-diaza-cyclododec-8-ene-6,10-diyne (1). A flask was charged with N,N(-dibenzylethylenediamine (1.9 g, 7.9 mmol) and dry dimethylformamide (30 mL). Anhydrous potassium carbonate (4.0 g, 28.9 mmol) was then added and the mixture was allowed to stir for 15 min at 20 (C. A solution of 1,8-dibromooct-4-ene-2,6-diyne (2.0 g, 7.6 mmol) in dry dimethylformamide (20 mL) was then added dropwise over 1 hr. The reaction mixture was stirred for 3 hr. at room temperature. After completion of the reaction, the solid was filtered and washed with dimethylformamide (2 ( 10 mL). The combined organic layers were poured into water (300 mL) and then extracted with methylene chloride (50 mL). The methylene chloride layer was washed with water (3 ( 200 mL) and dried over anhydrous sodium sulfate. Finally, the solvent was removed under reduced pressure. The crude product was purified on a silica gel column with 5% ethyl acetate in hexane. Yield: 1.3 g (50%); white solid. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.31 (m, 10H), 5.89 (s, 2H), 3.64 (s, 4H), 3.49 (s, 4H), 2.99 (s, 4H); 13C NMR (400 MHz, CDCl3) δ (ppm) 138.03 (Cquat), 129.06 (CH), 128.31 (CH), 127.19 (CH), 121.44 (CH), 93.80 (Cquat), 84.03 (Cquat), 60.70 (CH2), 51.80 (CH2), 43.42 (CH2). IR (KBr, cm-1) 3059, 3025, 2914, 2815, 2191, 1670, 1453, 1432, 1336, 1063, 742, 701. MS (EI): m/z 340 (M+). Anal. Calcd. for C24H24N2: C, 84.46; H, 7.11; N, 8.23. Found: C, 84.26; H, 6.98; N, 8.30.


Dichloro-(1,4-dibenzyl-1,4-diaza-cyclododec-8-ene-6,10-diyne)copper(II) (2). A 50 mL round-bottom flask was charged with CuCl2(2H2O (60 mg, 0.35 mmol), which was then dissolved in reagent grade methanol (5 mL). A solution of ligand 1 (119 mg, 0.35 mmol) in methylene chloride (5 mL) was then added dropwise. The mixture was allowed to stir for 3 hr., yielding a green precipitate. The product was further precipitated by addition of diethylether (20 mL). The solid product was then filtered and dried under vacuum for overnight. Yield: 149 mg (90%).  IR (KBr, cm-1) 3025, 2940, 2842, 1582, 1454, 1351, 1202, 1018, 922, 737, 705. Anal. Calcd. for C24H24N2Cl2Cu: C, 60.69; H, 5.09; N, 5.89. Found: C, 60.72; H, 4.95; N, 5.77.


Dichloro-(1,4-dibenzyl-1,4-diaza-cyclododec-8-ene-6,10-diyne)zinc(II) (3). A 50 mL Schlenk flask was charged with ZnCl2 (48 mg, 0.35 mmol), which was then dissolved in dry methanol (5 mL). Ligand 1 (119 mg, 0.35 mmol) in methylene chloride (5 mL) was added dropwise and the solution was stirred for 3 hr. under nitrogen. The colorless solution was then evaporated to dryness under vacuum. The white product was subsequently extracted with methylene chloride and filtered. Slow evaporation of the filtrate afforded 3. Yield: 120 mg (71%). 1H NMR (400 MHz, CD2Cl2) δ (ppm) 7.43 (d, 4H), 7.37-7.34 (m, 6H), 5.93 (s, 2H), 4.04 (s, 4H), 3.76 (s, 4H), 3.42 (s, 4H); IR (KBr, cm-1) 3010, 2940, 2795, 1580, 1445, 1356, 1205, 1017, 945, 728, 712. Anal. Calcd. for C24H24N2Cl2Zn: C, 60.46; H, 5.07; N, 5.89. Found: C, 60.52; H, 4.94; N, 5.94. 

Characterization of Thermal Bergman Product (4) Derived from 1. A schlenk flask was charged with 50 mg of 1, and a 100-fold excess of 1,4-cyclohexadiene was added in 5 mL of DMSO. The mixture was heated to 170 (C for 12 hrs. The solution turned to dark brown upon heating. The product was extracted with methylene chloride and washed several times with water using separating funnel. The organic layer was dried with Na2SO4 and the solvent removed in vacuo. A dark brown oil was obtained and purified by flash chromatography ( 5% MeOH/CH2Cl2), pale yellow solid: yield, 35 mg (70%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.35 (m, 12H), 7.13 (d, 2H), 4.03 (s, 4H), 3.64 (s, 4H), 2.76 (s, 4H); 13C NMR (400 MHz, CDCl3) δ (ppm) 139.27, 136.32, 130.80, 128.92, 128.28, 126.97, 126.95, 59.69, 54.98, 50.41.  MS (EI): m/z 342 (M+). Anal. Calcd. for C24H26N2: C, 84.17; H, 7.65; N, 8.18. Found: C, 84.11; H, 7.56; N, 8.22.

Isolation of Thermal Bermgan Product (4) Derived from 2. A schlenk flask was charged with 100 mg of 2, and a 100-fold excess of 1,4-cyclohexadiene was added in 5 mL of DMSO. The mixture was heated to 140 (C for 6 hrs. After cooling 2.2 equivalent of silver nitrate dissolved in acetonitrile was added. The solution was stirred for 4 hrs. at room temperature. Then aqueous suspension of excess EDTA (10-fold) was added, and solution was allowed to stir for overnight. The precipitate was filtered, and the filtrate was kept to extract the organic thermal product. The organic product was extracted with methylene chloride and washed several times with water using separating funnel. The organic layer was dried with Na2SO4 and the solvent removed in vacuo. A dark brown oil was obtained and purified by flash chromatography ( 5% MeOH/CH2Cl2), yellowish solid: yield, 18 mg (25%). 


X-ray Structure Determination. X-ray quality crystals of 1 and 4 were grown by slow evaporation from a methanol and dichloromethane mixture (1:1). In the case of 2 and 3, slow diffusion of hexane in dichloromethane at 0 (C afforded single crystals. In all cases, a suitable crystal was placed onto the tip of a 0.1 mm diameter glass capillary and mounted on a SMART6000 (Bruker) at 120 K. A preliminary set of cell constants was calculated from reflections harvested from three sets of 20 frames. These initial sets of frames were oriented such that orthogonal wedges of reciprocal space were surveyed. This produced initial orientation matrices determined from 312 reflections. The data collection was carried out using Mo Kα radiation (graphite monochromator) with a frame time of 5 seconds and a detector distance of 4.997 cm. A randomly oriented region of reciprocal space was surveyed to the extent of 1.3 hemispheres and to a resolution of 0.553 Å. Three major sections of frames were collected with 0.30( steps in ω at 3 different φ settings and a detector position of -43° in 2θ. An additional set of 50 frames was collected in order to model decay. 


The structures were solved using SIR-923 and refined with SHELXL-974. A direct-methods solution was calculated which provided all non-hydrogen atoms from the E-map.  Full-matrix least squares / difference Fourier cycles were performed using data to a resolution of 0.620 Å. All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were placed in ideal positions and refined as riding atoms with individual isotropic displacement parameters. 

Crystallographic Summary

Crystallographic data for 1:  C24H24N2, M = 340.45, orthorhombic, space group Pccn, Z = 8, a = 15.2536(4), b = 34.7020(10), c = 7.1210(2) Å, V = 3769.36(18) Å3, T = 120(2) K,  µ = 0.070 mm-1, unique reflections = 8308 ( Rint = 0.0459),  R = 0.0480 (observed data), Rw = 0.1462 (all data). For 2: C24H24N2Cl2Cu, M = 474.89, monoclinic, space group P21/c, Z = 4, a = 9.8606(2), b = 18.1537(4), c = 13.0210(3) Å, V = 2188.98(8) Å3, T = 120(2) K,  µ = 1.255 mm-1, unique reflections = 13463 ( Rint = 0.0283),  R = 0.0296 (observed data), Rw = 0.0835 (all data). For 3: C24H24N2Cl2Zn, M = 476.72, monoclinic, space group Cc, Z = 4, a = 19.6558(19), b = 15.9396(15), c = 7.0274(7) Å, V = 2172.7(4) Å3, T = 120(2) K,  µ = 1.389 mm-1, unique reflections = 4949 ( Rint = 0.0170),  R = 0.0329 (observed data), Rw = 0.0867 (all data). For 4: C24H26N2, M = 342.47, triclinic, space group P-1, Z = 2, a = 5.6575(2), b = 11.4775(4), c = 14.8070(6) Å, V = 926.03(6) Å3, T = 137(2) K,  µ = 0.072 mm-1, unique reflections = 4258 ( Rint = 0.0288),  R = 0.0445 (observed data), Rw = 0.1212 (all data)
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Figure 1S
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Table 1S:  Summary of Crystal Data for 1                                             


formula


C24H24N2

formula weight

340.45


color of crystal

brownish


crystal system


orthorhombic


space group


Pccn


a, Å



15.2536(4)


b, Å



34.7020(10)


c, Å



7.1210(2)


(, deg



90


(, deg



90


(, deg



90


V, Å



3769.36(18)


Z



8


(calcd, g/cm3


1.200


T, K



120(2) 


(, Å



0.71073 


R(F0)a



0.0480


Rw(F0)b



0.1462                 

Table 2S:  Fractional Coordinates for 1                

Atom           x             y             z           Uiso 

N(1)         4789(1)       1427(1)      -2585(1)       17(1) 

N(2)         5699(1)        670(1)      -5856(1)       18(1) 

C(1)         4539(1)       1736(1)      -3891(1)       20(1) 

C(2)         5279(1)       1929(1)      -4842(1)       21(1) 

C(3)         5869(1)       2041(1)      -5822(1)       23(1) 

C(4)         6550(1)       2134(1)      -7116(1)       27(1) 

C(5)         7065(1)       1859(1)      -7869(1)       28(1) 

C(6)         6970(1)       1464(1)      -7375(1)       25(1) 

C(7)         6848(1)       1140(1)      -6824(1)       23(1) 

C(8)         6637(1)        769(1)      -5910(1)       21(1) 

C(9)         5444(1)       1159(1)      -3355(1)       18(1) 

C(10)        5149(1)        993(1)      -5232(1)       18(1) 

C(11)        5088(1)       1591(1)       -790(1)       19(1) 

C(12)        4319(1)       1713(1)        402(1)       17(1) 

C(13)        4184(1)       2093(1)        951(1)       20(1) 

C(14)        3468(1)       2190(1)       2072(1)       23(1) 

C(15)        2878(1)       1910(1)       2644(1)       22(1) 

C(16)        3003(1)       1530(1)       2089(1)       22(1) 

C(17)        3718(1)       1433(1)        982(1)       20(1) 

C(18)        5376(1)        538(1)      -7699(1)       20(1) 

C(19)        5870(1)        196(1)      -8461(1)       18(1) 

C(20)        5803(1)       -166(1)      -7618(1)       22(1) 

C(21)        6275(1)       -478(1)      -8329(1)       24(1) 

C(22)        6818(1)       -429(1)      -9886(1)       24(1) 

C(23)        6873(1)        -73(1)     -10754(1)       25(1) 

C(24)        6401(1)        238(1)     -10041(1)       22(1) 

H(1A)         420           193          -319          29(3) 

H(1B)         415           163          -486          18(3) 

H(4)          664           240          -746          42(4) 

H(5)          750           193          -875          37(4) 

H(8A)         696            56          -658          27(3) 

H(8B)         686            78          -461          24(3) 

H(9A)         554            95          -245          28(3) 

H(9B)         601           130          -353          20(3) 

H(10A)        454            90          -512          24(3) 

H(10B)        517           120          -619          17(3) 

H(11A)        547           182          -104          21(3) 

H(11B)        544           140           -10          27(3) 

H(13)         458           229            56          26(3) 

H(14)         338           245           245          38(4) 

H(15)         239           198           341          32(3) 

H(16)         260           134           247          37(4) 

H(17)         380           117            61          25(3) 

H(18A)        542            75          -861          22(3) 

H(18B)        475            47          -758          29(3) 

H(20)         543           -20          -656          30(3) 

H(21)         623           -72          -775          33(4) 

H(22)         715           -64         -1035          34(3) 

H(23)         723            -4         -1183          32(3) 

H(24)           644              48          -1064           26(3)

Table 3S:  Anisotropic Thermal Parameters for 1
Atom      U11        U22        U33        U23        U13        U12 

N(1)     18(1)      18(1)      16(1)       0(1)       0(1)       4(1) 

N(2)     17(1)      16(1)      21(1)      -3(1)       0(1)       2(1) 

C(1)     19(1)      20(1)      20(1)       1(1)      -1(1)       5(1) 

C(2)     25(1)      17(1)      21(1)       1(1)      -3(1)       3(1) 

C(3)     27(1)      19(1)      23(1)       2(1)      -4(1)       0(1) 

C(4)     31(1)      26(1)      25(1)       6(1)      -1(1)      -7(1) 

C(5)     29(1)      32(1)      24(1)       2(1)       4(1)     -10(1) 

C(6)     21(1)      31(1)      24(1)      -5(1)       3(1)      -4(1) 

C(7)     17(1)      28(1)      25(1)      -6(1)       2(1)      -1(1) 

C(8)     17(1)      21(1)      26(1)      -5(1)      -2(1)       4(1) 

C(9)     19(1)      18(1)      19(1)       0(1)       0(1)       5(1) 

C(10)    17(1)      17(1)      20(1)      -1(1)       1(1)       2(1) 

C(11)    18(1)      21(1)      18(1)      -1(1)      -2(1)       1(1) 

C(12)    19(1)      16(1)      16(1)      -1(1)      -2(1)       1(1) 

C(13)    22(1)      16(1)      24(1)      -2(1)      -3(1)       0(1) 

C(14)    26(1)      18(1)      25(1)      -5(1)      -2(1)       5(1) 

C(15)    23(1)      25(1)      18(1)      -1(1)       0(1)       6(1) 

C(16)    24(1)      23(1)      20(1)       1(1)       2(1)      -2(1) 

C(17)    25(1)      16(1)      20(1)      -2(1)       1(1)      -1(1) 

C(18)    20(1)      19(1)      23(1)      -2(1)      -2(1)       2(1) 

C(19)    18(1)      16(1)      21(1)      -3(1)      -1(1)      -1(1) 

C(20)    24(1)      18(1)      23(1)      -2(1)       3(1)      -2(1) 

C(21)    27(1)      16(1)      28(1)      -3(1)       4(1)      -2(1) 

C(22)    24(1)      18(1)      30(1)      -8(1)       5(1)      -3(1) 

C(23)    24(1)      22(1)      27(1)      -5(1)       7(1)      -4(1) 

C(24)    23(1)      19(1)      24(1)      -1(1)       3(1)      -2(1) 

Table 4S.  Selected Bond Lengthes for 1             

A            B            Distance 

N(1)         C(9)         1.4692(10) 

N(1)         C(1)         1.4700(10) 

N(1)         C(11)        1.4726(10) 

N(2)         C(10)        1.4704(10) 

N(2)         C(8)         1.4728(11) 

N(2)         C(18)        1.4742(11) 

C(1)         C(2)         1.4772(12) 

C(1)         H(1A)        0.9900 

C(1)         H(1B)        0.9900 

C(2)         C(3)         1.2039(13) 

C(3)         C(4)         1.4258(13) 

C(4)         C(5)         1.3475(15) 

C(4)         H(4)         0.9500 

C(5)         C(6)         1.4252(14) 

C(5)         H(5)         0.9500 

C(6)         C(7)         1.2054(13) 

C(7)         C(8)         1.4758(13) 

C(8)         H(8A)        0.9900 

C(8)         H(8B)        0.9900 

C(9)         C(10)        1.5229(11) 

C(9)         H(9A)        0.9900 

C(9)         H(9B)        0.9900 

C(10)        H(10A)       0.9900 

C(10)        H(10B)       0.9900 

C(11)        C(12)        1.5084(11) 

C(11)        H(11A)       0.9900 

C(11)        H(11B)       0.9900 

C(12)        C(13)        1.3916(11) 

C(12)        C(17)        1.3987(11) 

C(13)        C(14)        1.3945(12) 

C(13)        H(13)        0.9500 

C(14)        C(15)        1.3846(13) 

C(14)        H(14)        0.9500 

C(15)        C(16)        1.3924(12) 

C(15)        H(15)        0.9500 

C(16)        C(17)        1.3875(12) 

C(16)        H(16)        0.9500 

C(17)        H(17)        0.9500 

C(18)        C(19)        1.5073(11) 

C(18)        H(18A)       0.9900 

C(18)        H(18B)       0.9900 

C(19)        C(24)        1.3928(12) 

C(19)        C(20)        1.3975(11) 

C(20)        C(21)        1.3937(12) 

C(20)        H(20)        0.9500 

C(21)        C(22)        1.3942(13) 

C(21)        H(21)        0.9500 

C(22)        C(23)        1.3857(13) 

C(22)        H(22)        0.9500 

C(23)        C(24)        1.3923(12) 

C(23)        H(23)        0.9500 

C(24)        H(24)        0.9500 

Table 5S.  Selected Bond Angles for 1

A            B            C            Angle 

C(9)         N(1)         C(1)         113.63(6) 

C(9)         N(1)         C(11)        111.03(6) 

C(1)         N(1)         C(11)        110.28(6) 

C(10)        N(2)         C(8)         112.49(6) 

C(10)        N(2)         C(18)        108.32(6) 

C(8)         N(2)         C(18)        111.98(7) 

N(1)         C(1)         C(2)         115.02(7) 

N(1)         C(1)         H(1A)        108.5 

C(2)         C(1)         H(1A)        108.5 

N(1)         C(1)         H(1B)        108.5 

C(2)         C(1)         H(1B)        108.5 

H(1A)        C(1)         H(1B)        107.5 

C(3)         C(2)         C(1)         169.78(9) 

C(2)         C(3)         C(4)         173.17(10) 

C(5)         C(4)         C(3)         121.39(9) 

C(5)         C(4)         H(4)         119.3 

C(3)         C(4)         H(4)         119.3 

C(4)         C(5)         C(6)         121.65(9) 

C(4)         C(5)         H(5)         119.2 

C(6)         C(5)         H(5)         119.2 

C(7)         C(6)         C(5)         174.29(10) 

C(6)         C(7)         C(8)         171.67(9) 

N(2)         C(8)         C(7)         115.30(7) 

N(2)         C(8)         H(8A)        108.4 

C(7)         C(8)         H(8A)        108.4 

N(2)         C(8)         H(8B)        108.4 

C(7)         C(8)         H(8B)        108.4 

H(8A)        C(8)         H(8B)        107.5 

N(1)         C(9)         C(10)        111.51(6) 

N(1)         C(9)         H(9A)        109.3 

C(10)        C(9)         H(9A)        109.3 

N(1)         C(9)         H(9B)        109.3 

C(10)        C(9)         H(9B)        109.3 

H(9A)        C(9)         H(9B)        108.0 

N(2)         C(10)        C(9)         112.72(6) 

N(2)         C(10)        H(10A)       109.0 

C(9)         C(10)        H(10A)       109.0 

N(2)         C(10)        H(10B)       109.0 

C(9)         C(10)        H(10B)       109.0 

H(10A)       C(10)        H(10B)       107.8 

N(1)         C(11)        C(12)        110.82(6) 

N(1)         C(11)        H(11A)       109.5 

C(12)        C(11)        H(11A)       109.5 

N(1)         C(11)        H(11B)       109.5 

C(12)        C(11)        H(11B)       109.5 

H(11A)       C(11)        H(11B)       108.1 

C(13)        C(12)        C(17)        118.64(7) 

C(13)        C(12)        C(11)        122.53(7) 

C(17)        C(12)        C(11)        118.83(7) 

C(12)        C(13)        C(14)        120.41(8) 

C(12)        C(13)        H(13)        119.8 

C(14)        C(13)        H(13)        119.8 

C(15)        C(14)        C(13)        120.50(8) 

C(15)        C(14)        H(14)        119.8 

C(13)        C(14)        H(14)        119.8 

C(14)        C(15)        C(16)        119.58(8) 

C(14)        C(15)        H(15)        120.2 

C(16)        C(15)        H(15)        120.2 

C(17)        C(16)        C(15)        119.92(8) 

C(17)        C(16)        H(16)        120.0 

C(15)        C(16)        H(16)        120.0 

C(16)        C(17)        C(12)        120.96(7) 

C(16)        C(17)        H(17)        119.5 

C(12)        C(17)        H(17)        119.5 

N(2)         C(18)        C(19)        113.35(7) 

N(2)         C(18)        H(18A)       108.9 

C(19)        C(18)        H(18A)       108.9 

N(2)         C(18)        H(18B)       108.9 

C(19)        C(18)        H(18B)       108.9 

H(18A)       C(18)        H(18B)       107.7 

C(24)        C(19)        C(20)        118.86(7) 

C(24)        C(19)        C(18)        119.97(7) 

C(20)        C(19)        C(18)        121.17(8) 

C(21)        C(20)        C(19)        120.27(8) 

C(21)        C(20)        H(20)        119.9 

C(19)        C(20)        H(20)        119.9 

C(20)        C(21)        C(22)        120.12(8) 

C(20)        C(21)        H(21)        119.9 

C(22)        C(21)        H(21)        119.9 

C(23)        C(22)        C(21)        119.95(8) 

C(23)        C(22)        H(22)        120.0 

C(21)        C(22)        H(22)        120.0 

C(22)        C(23)        C(24)        119.74(8) 

C(22)        C(23)        H(23)        120.1 

C(24)        C(23)        H(23)        120.1 

C(23)        C(24)        C(19)        121.04(8) 

C(23)        C(24)        H(24)        119.5 

C(19)        C(24)        H(24)        119.5 

Figure 2S
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Table 6S:  Summary of Crystal Data for 2                                             


formula


C24H24Cl2CuN2

formula weight

474.89


color of crystal

light blue


crystal system


monoclinic


space group


P 21/c


a, Å



9.8606(2)


b, Å



18.1537(4)


c, Å



13.0210(3)


(, deg



90


(, deg



110.093(1)


(, deg



90


V, Å



2188.98(8)


Z



4


(calcd, g/cm3


1.441


T, K



120(2) 


(, Å



0.71073


R(F0)a



0.0296


Rw(F0)b



0.0835

Table 7S:  Fractional Coordinates for 2
Atom           x             y             z           Uiso 

Cu(1)        3355(1)       1444(1)       1188(1)       13(1) 

Cl(1)        1843(1)       2204(1)        -49(1)       19(1) 

Cl(2)        4174(1)        932(1)        -43(1)       22(1) 

N(1)         3087(1)       2046(1)       2457(1)       15(1) 

N(2)         4417(1)        682(1)       2382(1)       15(1) 

C(1)         1507(1)       2152(1)       2283(1)       20(1) 

C(2)          637(1)       1488(1)       1945(1)       22(1) 

C(3)         -144(1)        963(1)       1630(1)       24(1) 

C(4)         -927(1)        294(1)       1277(1)       28(1) 

C(5)         -242(1)       -330(1)       1183(1)       29(1) 

C(6)         1280(1)       -325(1)       1428(1)       25(1) 

C(7)         2559(1)       -247(1)       1645(1)       23(1) 

C(8)         4106(1)       -102(1)       2007(1)       20(1) 

C(9)         3823(1)       1640(1)       3502(1)       17(1) 

C(10)        3863(1)        823(1)       3292(1)       17(1) 

C(11)        3704(1)       2816(1)       2524(1)       19(1) 

C(12)        5274(1)       2818(1)       2637(1)       17(1) 

C(13)        5685(1)       2705(1)       1721(1)       21(1) 

C(14)        7142(1)       2666(1)       1841(1)       27(1) 

C(15)        8194(1)       2746(1)       2865(1)       29(1) 

C(16)        7803(1)       2880(1)       3775(1)       25(1) 

C(17)        6347(1)       2918(1)       3660(1)       20(1) 

C(18)        6017(1)        825(1)       2693(1)       17(1) 

C(19)        6975(1)        399(1)       3666(1)       19(1) 

C(20)        7391(1)        708(1)       4710(1)       27(1) 

C(21)        8269(1)        320(1)       5616(1)       36(1) 

C(22)        8739(1)       -381(1)       5487(1)       37(1) 

C(23)        8354(1)       -692(1)       4453(1)       34(1) 

C(24)        7480(1)       -303(1)       3542(1)       25(1) 

H(1A)         141           233           297          29(4) 

H(1B)         112           254           172          23(3) 

H(4)         -194            29           111          31(4) 

H(5)          -77           -77            95          43(5) 

H(8A)         447           -20           140          25(3) 

H(8B)         462           -44           262          40(5) 

H(9A)         330           173           402          23(3) 

H(9B)         482           183           384          16(3) 

H(10A)        449            58           396          17(3) 

H(10B)        288            62           310          21(3) 

H(11A)        315           309           186          24(3) 

H(11B)        359           307           316          17(3) 

H(13)         497           266           102          23(3) 

H(14)         742           258           122          46(5) 

H(15)         919           271           294          47(5) 

H(16)         852           295           447          37(4) 

H(17)         608           301           428          23(3) 

H(18A)        631            71           206          22(3) 

H(18B)        619           136           285          23(3) 

H(20)         707           119           480          35(4) 

H(21)         855            54           632          40(4) 

H(22)         933           -65           611          54(5) 

H(23)         869          -117           437          46(5) 

H(24)         723           -52           283          36(4)

Table 8S:  Anisotropic Thermal Parameters for 2
Atom      U11        U22        U33        U23        U13        U12 

Cu(1)    15(1)      13(1)      13(1)      -1(1)       6(1)       0(1) 

Cl(1)    20(1)      21(1)      16(1)       2(1)       4(1)       2(1) 

Cl(2)    30(1)      21(1)      18(1)       0(1)      14(1)       4(1) 

N(1)     13(1)      16(1)      16(1)      -2(1)       5(1)       0(1) 

N(2)     18(1)      14(1)      15(1)       0(1)       8(1)      -1(1) 

C(1)     14(1)      26(1)      20(1)      -6(1)       6(1)       1(1) 

C(2)     16(1)      32(1)      18(1)      -2(1)       6(1)      -2(1) 

C(3)     18(1)      36(1)      19(1)      -1(1)       7(1)      -6(1) 

C(4)     22(1)      41(1)      22(1)      -3(1)       7(1)     -14(1) 

C(5)     29(1)      36(1)      21(1)      -3(1)       6(1)     -17(1) 

C(6)     30(1)      25(1)      20(1)      -3(1)       7(1)     -10(1) 

C(7)     30(1)      18(1)      20(1)      -2(1)       8(1)      -6(1) 

C(8)     26(1)      14(1)      21(1)       0(1)       9(1)      -1(1) 

C(9)     17(1)      20(1)      14(1)      -2(1)       5(1)       0(1) 

C(10)    19(1)      19(1)      15(1)       1(1)       8(1)      -1(1) 

C(11)    16(1)      16(1)      22(1)      -4(1)       4(1)       1(1) 

C(12)    16(1)      14(1)      20(1)      -2(1)       4(1)      -1(1) 

C(13)    21(1)      20(1)      21(1)      -1(1)       7(1)      -3(1) 

C(14)    25(1)      31(1)      30(1)      -4(1)      14(1)      -5(1) 

C(15)    18(1)      33(1)      36(1)      -5(1)      10(1)      -2(1) 

C(16)    17(1)      27(1)      28(1)      -4(1)       3(1)      -2(1) 

C(17)    18(1)      19(1)      22(1)      -4(1)       4(1)      -2(1) 

C(18)    18(1)      16(1)      19(1)       3(1)       8(1)       2(1) 

C(19)    18(1)      20(1)      19(1)       4(1)       6(1)       0(1) 

C(20)    22(1)      38(1)      20(1)      -1(1)       7(1)       0(1) 

C(21)    23(1)      64(1)      19(1)       8(1)       6(1)      -4(1) 

C(22)    21(1)      52(1)      33(1)      26(1)       3(1)      -6(1) 

C(23)    22(1)      24(1)      47(1)      17(1)       1(1)      -1(1) 

C(24)    22(1)      18(1)      30(1)       5(1)       3(1)       1(1) 

Table 9S:  Bond Lengths for 2
A            B            Distance 

Cu(1)        N(1)         2.0726(7) 

Cu(1)        N(2)         2.0755(7) 

Cu(1)        Cl(2)        2.2301(2) 

Cu(1)        Cl(1)        2.2524(2) 

N(1)         C(9)         1.4978(11) 

N(1)         C(1)         1.5073(10) 

N(1)         C(11)        1.5137(11) 

N(2)         C(10)        1.4882(11) 

N(2)         C(8)         1.5008(11) 

N(2)         C(18)        1.5109(11) 

C(1)         C(2)         1.4575(13) 

C(1)         H(1A)        0.9900 

C(1)         H(1B)        0.9900 

C(2)         C(3)         1.2054(14) 

C(3)         C(4)         1.4278(15) 

C(4)         C(5)         1.3454(18) 

C(4)         H(4)         0.9500 

C(5)         C(6)         1.4227(16) 

C(5)         H(5)         0.9500 

C(6)         C(7)         1.2029(15) 

C(7)         C(8)         1.4573(14) 

C(8)         H(8A)        0.9900 

C(8)         H(8B)        0.9900 

C(9)         C(10)        1.5117(12) 

C(9)         H(9A)        0.9900 

C(9)         H(9B)        0.9900 

C(10)        H(10A)       0.9900 

C(10)        H(10B)       0.9900 

C(11)        C(12)        1.5044(12) 

C(11)        H(11A)       0.9900 

C(11)        H(11B)       0.9900 

C(12)        C(13)        1.3997(13) 

C(12)        C(17)        1.3998(12) 

C(13)        C(14)        1.3924(14) 

C(13)        H(13)        0.9500 

C(14)        C(15)        1.3877(16) 

C(14)        H(14)        0.9500 

C(15)        C(16)        1.3874(16) 

C(15)        H(15)        0.9500 

C(16)        C(17)        1.3925(13) 

C(16)        H(16)        0.9500 

C(17)        H(17)        0.9500 

C(18)        C(19)        1.5082(12) 

C(18)        H(18A)       0.9900 

C(18)        H(18B)       0.9900 

C(19)        C(20)        1.3957(14) 

C(19)        C(24)        1.3964(14) 

C(20)        C(21)        1.3916(16) 

C(20)        H(20)        0.9500 

C(21)        C(22)        1.383(2) 

C(21)        H(21)        0.9500 

C(22)        C(23)        1.388(2) 

C(22)        H(22)        0.9500 

C(23)        C(24)        1.3956(14) 

C(23)        H(23)        0.9500 

C(24)        H(24)        0.9500 

Table 10S: Bond Angles for 2         

A            B            C            Angle 

N(1)         Cu(1)        N(2)          85.69(3) 

N(1)         Cu(1)        Cl(2)        165.82(2) 

N(2)         Cu(1)        Cl(2)         92.66(2) 

N(1)         Cu(1)        Cl(1)         90.68(2) 

N(2)         Cu(1)        Cl(1)        169.65(2) 

C(9)         N(1)         C(1)         110.63(7) 

C(9)         N(1)         C(11)        110.00(6) 

C(1)         N(1)         C(11)        105.37(6) 

C(9)         N(1)         Cu(1)        108.03(5) 

C(1)         N(1)         Cu(1)        110.84(5) 

C(11)        N(1)         Cu(1)        111.99(5) 

C(10)        N(2)         C(8)         109.41(6) 

C(10)        N(2)         C(18)        113.10(6) 

C(8)         N(2)         C(18)        109.18(7) 

C(10)        N(2)         Cu(1)        104.63(5) 

C(8)         N(2)         Cu(1)        113.22(5) 

C(18)        N(2)         Cu(1)        107.31(5) 

C(2)         C(1)         N(1)         114.25(7) 

C(2)         C(1)         H(1A)        108.7 

N(1)         C(1)         H(1A)        108.7 

C(2)         C(1)         H(1B)        108.7 

N(1)         C(1)         H(1B)        108.7 

H(1A)        C(1)         H(1B)        107.6 

C(2)         C(3)         C(4)         173.64(11) 

C(5)         C(4)         C(3)         120.84(9) 

C(5)         C(4)         H(4)         119.6 

C(3)         C(4)         H(4)         119.6 

C(4)         C(5)         C(6)         119.88(9) 

C(4)         C(5)         H(5)         120.1 

C(6)         C(5)         H(5)         120.1 

C(7)         C(6)         C(5)         173.49(12) 

C(6)         C(7)         C(8)         173.78(10) 

C(7)         C(8)         N(2)         110.49(7) 

C(7)         C(8)         H(8A)        109.6 

N(2)         C(8)         H(8A)        109.6 

C(7)         C(8)         H(8B)        109.6 

N(2)         C(8)         H(8B)        109.6 

H(8A)        C(8)         H(8B)        108.1 

N(1)         C(9)         C(10)        110.72(6) 

N(1)         C(9)         H(9A)        109.5 

C(10)        C(9)         H(9A)        109.5 

N(1)         C(9)         H(9B)        109.5 

C(10)        C(9)         H(9B)        109.5 

H(9A)        C(9)         H(9B)        108.1 

N(2)         C(10)        C(9)         110.64(7) 

N(2)         C(10)        H(10A)       109.5 

C(9)         C(10)        H(10A)       109.5 

N(2)         C(10)        H(10B)       109.5 

C(9)         C(10)        H(10B)       109.5 

H(10A)       C(10)        H(10B)       108.1 

C(12)        C(11)        N(1)         112.82(7) 

C(12)        C(11)        H(11A)       109.0 

N(1)         C(11)        H(11A)       109.0 

C(12)        C(11)        H(11B)       109.0 

N(1)         C(11)        H(11B)       109.0 

H(11A)       C(11)        H(11B)       107.8 

C(13)        C(12)        C(17)        118.95(8) 

C(13)        C(12)        C(11)        120.40(7) 

C(17)        C(12)        C(11)        120.64(8) 

C(14)        C(13)        C(12)        120.10(9) 

C(14)        C(13)        H(13)        119.9 

C(12)        C(13)        H(13)        119.9 

C(15)        C(14)        C(13)        120.29(10) 

C(15)        C(14)        H(14)        119.9 

C(13)        C(14)        H(14)        119.9 

C(16)        C(15)        C(14)        120.21(9) 

C(16)        C(15)        H(15)        119.9 

C(14)        C(15)        H(15)        119.9 

C(15)        C(16)        C(17)        119.72(9) 

C(15)        C(16)        H(16)        120.1 

C(17)        C(16)        H(16)        120.1 

C(16)        C(17)        C(12)        120.68(9) 

C(16)        C(17)        H(17)        119.7 

C(12)        C(17)        H(17)        119.7 

C(19)        C(18)        N(2)         115.58(7) 

C(19)        C(18)        H(18A)       108.4 

N(2)         C(18)        H(18A)       108.4 

C(19)        C(18)        H(18B)       108.4 

N(2)         C(18)        H(18B)       108.4 

H(18A)       C(18)        H(18B)       107.4 

C(20)        C(19)        C(24)        118.84(9) 

C(20)        C(19)        C(18)        120.09(9) 

C(24)        C(19)        C(18)        121.06(8) 

C(21)        C(20)        C(19)        120.73(11) 

C(21)        C(20)        H(20)        119.6 

C(19)        C(20)        H(20)        119.6 

C(22)        C(21)        C(20)        119.96(11) 

C(22)        C(21)        H(21)        120.0 

C(20)        C(21)        H(21)        120.0 

C(21)        C(22)        C(23)        120.09(10) 

C(21)        C(22)        H(22)        120.0 

C(23)        C(22)        H(22)        120.0 

C(22)        C(23)        C(24)        120.08(11) 

C(22)        C(23)        H(23)        120.0 

C(24)        C(23)        H(23)        120.0 

C(23)        C(24)        C(19)        120.28(11) 

C(23)        C(24)        H(24)        119.9 

C(19)        C(24)        H(24)        119.9

Figure 3S
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Table 11S:  Summary of Crystal Data for 3                                             


formula


C24H24Cl2N2Zn


formula weight

476.72


color of crystal

colorless


crystal system


monoclinic


space group


Cc


a, Å



19.6558(19)


b, Å



15.9396(15)


c, Å



7.0274(7)


(, deg



90


(, deg



99.317(2)


(, deg



90


V, Å



2172.7(4)


Z



4


(calcd, g/cm3


1.457


T, K



120(2) 


(, Å



0.71073


R(F0)a



0.0329


Rw(F0)b



0.0867                 

Table 12S:  Fractional Coordinates for 3                

Atom           x             y             z           Uiso 

Zn(1)        7769(1)       1935(1)      12174(1)       15(1) 

Cl(1)        7553(1)       2972(1)      14039(1)       22(1) 

Cl(2)        7928(1)        712(1)      13760(1)       18(1) 

N(1)         7079(1)       1749(1)       9552(3)       14(1) 

N(2)         8590(1)       2033(1)      10580(3)       15(1) 

C(1)         6580(1)       2443(2)       8863(4)       21(1) 

C(2)         6878(1)       3287(2)       8963(4)       19(1) 

C(3)         7068(1)       3997(2)       9099(4)       19(1) 

C(4)         7364(2)       4821(2)       9409(4)       22(1) 

C(5)         8019(2)       4923(2)      10175(4)       22(1) 

C(6)         8458(1)       4219(2)      10662(4)       20(1) 

C(7)         8753(1)       3562(2)      10989(4)       19(1) 

C(8)         9082(1)       2741(2)      11210(4)       21(1) 

C(9)         7586(1)       1617(2)       8182(4)       20(1) 

C(10)        8216(1)       2179(2)       8583(4)       17(1) 

C(11)        6667(1)        951(2)       9541(4)       17(1) 

C(12)        6043(1)       1014(2)      10540(4)       19(1) 

C(13)        5390(2)        867(2)       9473(4)       27(1) 

C(14)        4802(2)        916(2)      10350(5)       35(1) 

C(15)        4854(2)       1122(2)      12265(5)       33(1) 

C(16)        5504(2)       1271(2)      13341(5)       31(1) 

C(17)        6091(2)       1211(2)      12491(4)       25(1) 

C(18)        8993(1)       1222(2)      10754(4)       18(1) 

C(19)        9574(1)       1172(2)       9580(4)       18(1) 

C(20)       10247(2)       1369(2)      10429(4)       23(1) 

C(21)       10785(2)       1322(2)       9378(5)       28(1) 

C(22)       10661(2)       1077(2)       7469(5)       30(1) 

C(23)        9993(2)        851(2)       6608(4)       27(1) 

C(24)        9455(1)        904(2)       7670(4)       22(1) 

H(1A)         637           233           751          24(9) 

H(1B)         620           243           964          13(7) 

H(4)          708           530           906          46(12) 

H(5)          820           547          1040          21(8) 

H(8A)         929           266          1258          17(8) 

H(8B)         946           273          1044          16(7) 

H(9A)         735           172           685          24 

H(9B)         774           102           826          24 

H(10A)        853           206           764          20 

H(10B)        807           277           844          20 

H(11A)        697            50          1017          44(12) 

H(11B)        651            78           819          13(7) 

H(13)         535            73           814          22(8) 

H(14)         436            81           961          37(11) 

H(15)         445           116          1285          44(12) 

H(16)         555           142          1467          44(12) 

H(17)         653           131          1324          27(10) 

H(18A)        867            76          1036          27(9) 

H(18B)        919           114          1213          39(11) 

H(20)        1034           154          1174          28(9) 

H(21)        1124           146           997          33(10) 

H(22)        1103           106           674          35(10) 

H(23)         991            66           531          47(12) 

H(24)         900            76           709          23(8) 

Table 13S:  Anisotropic Thermal Parameters for 3
Atom      U11        U22        U33        U23        U13        U12 

Zn(1)    16(1)      14(1)      15(1)       0(1)       3(1)       0(1) 

Cl(1)    30(1)      16(1)      22(1)      -1(1)       8(1)       2(1) 

Cl(2)    21(1)      15(1)      19(1)       3(1)       4(1)       1(1) 

N(1)     13(1)      14(1)      16(1)       1(1)       4(1)       0(1) 

N(2)     15(1)      15(1)      16(1)       2(1)       3(1)       2(1) 

C(1)     15(1)      16(1)      29(1)       4(1)      -1(1)       1(1) 

C(2)     17(1)      18(1)      20(1)       3(1)       2(1)       4(1) 

C(3)     17(1)      21(1)      19(1)       5(1)       4(1)       5(1) 

C(4)     30(1)      13(1)      25(1)       3(1)      10(1)       6(1) 

C(5)     31(1)      13(1)      23(1)       0(1)       9(1)       0(1) 

C(6)     20(1)      18(1)      23(1)      -1(1)       7(1)      -5(1) 

C(7)     18(1)      18(1)      23(1)      -1(1)       4(1)      -3(1) 

C(8)     18(1)      17(1)      28(1)      -1(1)       3(1)       1(1) 

C(9)     20(1)      28(1)      13(1)      -6(1)       2(1)       6(1) 

C(10)    16(1)      17(1)      17(1)       3(1)       2(1)       2(1) 

C(11)    17(1)      15(1)      18(1)      -1(1)       3(1)      -2(1) 

C(12)    18(1)      18(1)      21(1)       1(1)       5(1)      -4(1) 

C(13)    20(1)      36(1)      23(1)       2(1)       1(1)      -9(1) 

C(14)    18(1)      52(2)      34(2)       8(1)       2(1)     -10(1) 

C(15)    20(1)      41(2)      38(2)       1(1)      11(1)      -4(1) 

C(16)    29(2)      42(2)      24(2)      -4(1)      13(1)      -5(1) 

C(17)    20(1)      36(2)      21(1)      -5(1)       4(1)      -4(1) 

C(18)    17(1)      15(1)      23(1)       2(1)       6(1)       3(1) 

C(19)    15(1)      15(1)      23(1)       1(1)       4(1)       3(1) 

C(20)    18(1)      26(1)      23(1)      -4(1)       1(1)       2(1) 

C(21)    15(1)      31(1)      36(2)      -3(1)       4(1)       2(1) 

C(22)    25(1)      34(2)      33(2)       1(1)      13(1)       5(1) 

C(23)    30(2)      32(2)      20(1)      -5(1)       5(1)       6(1) 

C(24)    19(1)      23(1)      25(1)      -4(1)       1(1)       1(1) 

Table 14S.  Selected Bond Lengthes for 3             

A            B            Distance 

Zn(1)        N(2)         2.113(2) 

Zn(1)        N(1)         2.125(2) 

Zn(1)        Cl(1)        2.1938(7) 

Zn(1)        Cl(2)        2.2425(6) 

N(1)         C(1)         1.505(3) 

N(1)         C(11)        1.507(3) 

N(1)         C(9)         1.509(3) 

N(2)         C(10)        1.494(3) 

N(2)         C(8)         1.505(3) 

N(2)         C(18)        1.512(3) 

C(1)         C(2)         1.465(4) 

C(1)         H(1A)        0.9900 

C(1)         H(1B)        0.9900 

C(2)         C(3)         1.191(4) 

C(3)         C(4)         1.437(4) 

C(4)         C(5)         1.323(4) 

C(4)         H(4)         0.9500 

C(5)         C(6)         1.423(4) 

C(5)         H(5)         0.9500 

C(6)         C(7)         1.201(4) 

C(7)         C(8)         1.456(4) 

C(8)         H(8A)        0.9900 

C(8)         H(8B)        0.9900 

C(9)         C(10)        1.517(4) 

C(9)         H(9A)        0.9900 

C(9)         H(9B)        0.9900 

C(10)        H(10A)       0.9900 

C(10)        H(10B)       0.9900 

C(11)        C(12)        1.511(4) 

C(11)        H(11A)       0.9900 

C(11)        H(11B)       0.9900 

C(12)        C(17)        1.395(4) 

C(12)        C(13)        1.397(4) 

C(13)        C(14)        1.397(4) 

C(13)        H(13)        0.9500 

C(14)        C(15)        1.373(5) 

C(14)        H(14)        0.9500 

C(15)        C(16)        1.396(5) 

C(15)        H(15)        0.9500 

C(16)        C(17)        1.385(4) 

C(16)        H(16)        0.9500 

C(17)        H(17)        0.9500 

C(18)        C(19)        1.515(3) 

C(18)        H(18A)       0.9900 

C(18)        H(18B)       0.9900 

C(19)        C(24)        1.391(4) 

C(19)        C(20)        1.396(4) 

C(20)        C(21)        1.386(4) 

C(20)        H(20)        0.9500 

C(21)        C(22)        1.381(5) 

C(21)        H(21)        0.9500 

C(22)        C(23)        1.402(4) 

C(22)        H(22)        0.9500 

C(23)        C(24)        1.393(4) 

C(23)        H(23)        0.9500 

C(24)        H(24)        0.9500 

Table 15S.  Selected Bond Angles for 3

A            B            C            Angle 

N(2)         Zn(1)        N(1)          89.18(8) 

N(2)         Zn(1)        Cl(1)        119.92(6) 

N(1)         Zn(1)        Cl(1)        117.72(6) 

N(2)         Zn(1)        Cl(2)        105.76(6) 

N(1)         Zn(1)        Cl(2)        109.10(6) 

Cl(1)        Zn(1)        Cl(2)        112.54(3) 

C(1)         N(1)         C(11)        107.27(19) 

C(1)         N(1)         C(9)         111.2(2) 

C(11)        N(1)         C(9)         106.82(19) 

C(1)         N(1)         Zn(1)        117.86(16) 

C(11)        N(1)         Zn(1)        112.92(15) 

C(9)         N(1)         Zn(1)        100.22(14) 

C(10)        N(2)         C(8)         110.8(2) 

C(10)        N(2)         C(18)        112.4(2) 

C(8)         N(2)         C(18)        108.3(2) 

C(10)        N(2)         Zn(1)        101.99(15) 

C(8)         N(2)         Zn(1)        114.13(16) 

C(18)        N(2)         Zn(1)        109.21(15) 

C(2)         C(1)         N(1)         115.2(2) 

C(2)         C(1)         H(1A)        108.5 

N(1)         C(1)         H(1A)        108.5 

C(2)         C(1)         H(1B)        108.5 

N(1)         C(1)         H(1B)        108.5 

H(1A)        C(1)         H(1B)        107.5 

C(3)         C(2)         C(1)         174.2(3) 

C(2)         C(3)         C(4)         173.5(3) 

C(5)         C(4)         C(3)         121.2(2) 

C(5)         C(4)         H(4)         119.4 

C(3)         C(4)         H(4)         119.4 

C(4)         C(5)         C(6)         120.8(3) 

C(4)         C(5)         H(5)         119.6 

C(6)         C(5)         H(5)         119.6 

C(7)         C(6)         C(5)         171.4(3) 

C(6)         C(7)         C(8)         174.8(3) 

C(7)         C(8)         N(2)         112.9(2) 

C(7)         C(8)         H(8A)        109.0 

N(2)         C(8)         H(8A)        109.0 

C(7)         C(8)         H(8B)        109.0 

N(2)         C(8)         H(8B)        109.0 

H(8A)        C(8)         H(8B)        107.8 

N(1)         C(9)         C(10)        113.7(2) 

N(1)         C(9)         H(9A)        108.8 

C(10)        C(9)         H(9A)        108.8 

N(1)         C(9)         H(9B)        108.8 

C(10)        C(9)         H(9B)        108.8 

H(9A)        C(9)         H(9B)        107.7 

N(2)         C(10)        C(9)         110.2(2) 

N(2)         C(10)        H(10A)       109.6 

C(9)         C(10)        H(10A)       109.6 

N(2)         C(10)        H(10B)       109.6 

C(9)         C(10)        H(10B)       109.6 

H(10A)       C(10)        H(10B)       108.1 

N(1)         C(11)        C(12)        114.7(2) 

N(1)         C(11)        H(11A)       108.6 

C(12)        C(11)        H(11A)       108.6 

N(1)         C(11)        H(11B)       108.6 

C(12)        C(11)        H(11B)       108.6 

H(11A)       C(11)        H(11B)       107.6 

C(17)        C(12)        C(13)        118.4(3) 

C(17)        C(12)        C(11)        122.7(2) 

C(13)        C(12)        C(11)        118.9(2) 

C(14)        C(13)        C(12)        120.5(3) 

C(14)        C(13)        H(13)        119.7 

C(12)        C(13)        H(13)        119.7 

C(15)        C(14)        C(13)        120.6(3) 

C(15)        C(14)        H(14)        119.7 

C(13)        C(14)        H(14)        119.7 

C(14)        C(15)        C(16)        119.3(3) 

C(14)        C(15)        H(15)        120.4 

C(16)        C(15)        H(15)        120.4 

C(17)        C(16)        C(15)        120.5(3) 

C(17)        C(16)        H(16)        119.8 

C(15)        C(16)        H(16)        119.8 

C(16)        C(17)        C(12)        120.8(3) 

C(16)        C(17)        H(17)        119.6 

C(12)        C(17)        H(17)        119.6 

N(2)         C(18)        C(19)        115.6(2) 

N(2)         C(18)        H(18A)       108.4 

C(19)        C(18)        H(18A)       108.4 

N(2)         C(18)        H(18B)       108.4 

C(19)        C(18)        H(18B)       108.4 

H(18A)       C(18)        H(18B)       107.4 

C(24)        C(19)        C(20)        118.8(2) 

C(24)        C(19)        C(18)        121.1(2) 

C(20)        C(19)        C(18)        120.1(2) 

C(21)        C(20)        C(19)        120.8(3) 

C(21)        C(20)        H(20)        119.6 

C(19)        C(20)        H(20)        119.6 

C(22)        C(21)        C(20)        120.3(3) 

C(22)        C(21)        H(21)        119.9 

C(20)        C(21)        H(21)        119.9 

C(21)        C(22)        C(23)        119.8(3) 

C(21)        C(22)        H(22)        120.1 

C(23)        C(22)        H(22)        120.1 

C(24)        C(23)        C(22)        119.6(3) 

C(24)        C(23)        H(23)        120.2 

C(22)        C(23)        H(23)        120.2 

C(19)        C(24)        C(23)        120.7(2) 

C(19)        C(24)        H(24)        119.6 

C(23)        C(24)        H(24)        119.6 

Figure 4S
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Table 16S:  Summary of Crystal Data for 4                                             


formula


C24H26N2

formula weight

342.47


color of crystal

colorless


crystal system


triclinic


space group


P1


a, Å



5.6575(2)


b, Å



11.4775(4)


c, Å



14.8070(6)


(, deg



82.9460(10)


(, deg



79.7450(10)


(, deg



79.4360(10)


V, Å



926.03(6)


Z



2


(calcd, g/cm3


1.228


T, K



137(2)


(, Å



0.71073


R(F0)a



0.0445


Rw(F0)b



0.1212                 


Table 17S:  Fractional Coordinates for 4                

          Atom           x             y             z           Uiso 

          N(1)          683(2)      -3306(1)       8966(1)       25(1) 

          N(2)         1579(2)      -1666(1)       6789(1)       23(1) 

          C(1)          747(3)      -4285(1)       8404(1)       27(1) 

          C(2)         2934(2)      -4524(1)       7645(1)       23(1) 

          C(3)         4886(3)      -5411(1)       7821(1)       26(1) 

          C(4)         6958(3)      -5645(1)       7165(1)       28(1) 

          C(5)         7065(3)      -5012(1)       6306(1)       30(1) 

          C(6)         5121(3)      -4142(1)       6113(1)       28(1) 

          C(7)         3065(2)      -3871(1)       6774(1)       23(1) 

          C(8)         1119(2)      -2821(1)       6572(1)       26(1) 

          C(9)          189(2)      -2110(1)       8502(1)       25(1) 

          C(10)        2163(2)      -1708(1)       7734(1)       24(1) 

          C(11)        2726(2)      -3517(1)       9481(1)       25(1) 

          C(12)        2447(2)      -2623(1)      10178(1)       23(1) 

          C(13)        4283(3)      -1970(1)      10187(1)       32(1) 

          C(14)        4034(3)      -1156(2)      10836(1)       37(1) 

          C(15)        1950(3)       -982(1)      11481(1)       32(1) 

          C(16)         100(3)      -1623(1)      11478(1)       30(1) 

          C(17)         351(2)      -2435(1)      10831(1)       26(1) 

          C(18)        3556(2)      -1229(1)       6118(1)       21(1) 

          C(19)        3501(2)         86(1)       6157(1)       19(1) 

          C(20)        1622(2)        916(1)       5845(1)       22(1) 

          C(21)        1536(2)       2127(1)       5882(1)       24(1) 

          C(22)        3324(2)       2530(1)       6237(1)       23(1) 

          C(23)        5212(2)       1714(1)       6540(1)       24(1) 

          C(24)        5302(2)        499(1)       6499(1)       23(1) 

          H(1A)         -74          -412           812          33(4) 

          H(1B)          67          -502           882          33(4) 

          H(3A)         480          -587           840          32(4) 

          H(4A)         829          -624           731          32(4) 

          H(5A)         846          -517           585          40(5) 

          H(6A)         519          -372           552          37(5) 

          H(8A)          98          -276           591          24(4) 

          H(8B)         -46          -297           693          27(4) 

          H(9A)         -15          -154           898          26(4) 

          H(9B)        -132          -205           824          30(4) 

          H(10A)        241           -91           784          25(4) 

          H(10B)        371          -226           778          19(3) 

          H(11A)        426          -348           904          31(4) 

          H(11B)        285          -433           980          35(4) 

          H(13A)        573          -208           974          36(5) 

          H(14A)        531           -72          1084          51(6) 

          H(15A)        178           -43          1192          38(5) 

          H(16A)       -134          -151          1192          43(5) 

          H(17A)        -93          -287          1083          30(4) 

          H(18A)        339          -137           549          24(4) 

          H(18B)        515          -168           625          21(4) 

          H(20A)         39            65           560          28(4) 

          H(21A)         25           268           566          28(4) 

          H(22A)        325           336           627          30(4) 

          H(23A)        645           198           678          30(4) 

          H(24A)        661            -5           671          25(4) 


Table 18S:  Anisotropic Thermal Parameters for 4
    Atom      U11        U22        U33        U23        U13        U12 

    N(1)     29(1)      21(1)      25(1)      -2(1)      -4(1)      -2(1) 

    N(2)     23(1)      18(1)      26(1)       1(1)      -2(1)      -4(1) 

    C(1)     31(1)      22(1)      29(1)      -3(1)      -2(1)      -8(1) 

    C(2)     28(1)      17(1)      24(1)      -3(1)      -5(1)      -7(1) 

    C(3)     36(1)      18(1)      24(1)      -2(1)      -8(1)      -4(1) 

    C(4)     31(1)      18(1)      34(1)      -7(1)      -7(1)      -1(1) 

    C(5)     35(1)      22(1)      32(1)      -8(1)       4(1)      -6(1) 

    C(6)     41(1)      19(1)      23(1)      -1(1)      -3(1)      -8(1) 

    C(7)     30(1)      17(1)      24(1)      -2(1)      -7(1)      -8(1) 

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

    C(9)     25(1)      24(1)      25(1)      -2(1)      -2(1)      -3(1) 

    C(10)    23(1)      22(1)      26(1)      -5(1)      -4(1)      -4(1) 

    C(11)    27(1)      26(1)      21(1)       0(1)      -2(1)       1(1) 

    C(12)    25(1)      23(1)      19(1)       4(1)      -4(1)      -2(1) 

    C(13)    25(1)      38(1)      32(1)       1(1)      -3(1)      -8(1) 

    C(14)    37(1)      37(1)      43(1)       1(1)     -17(1)     -13(1) 

    C(15)    42(1)      26(1)      30(1)      -3(1)     -17(1)       1(1) 

    C(16)    34(1)      29(1)      24(1)      -2(1)      -2(1)       1(1) 

    C(17)    27(1)      25(1)      25(1)       2(1)      -2(1)      -5(1) 

    C(18)    25(1)      19(1)      19(1)      -1(1)      -1(1)      -3(1) 

    C(19)    22(1)      19(1)      15(1)      -2(1)       1(1)      -4(1) 

    C(20)    22(1)      23(1)      22(1)      -3(1)      -4(1)      -4(1) 

    C(21)    25(1)      22(1)      23(1)      -1(1)      -4(1)       1(1) 

    C(22)    29(1)      19(1)      20(1)      -3(1)       2(1)      -5(1) 

    C(23)    26(1)      26(1)      23(1)      -3(1)      -4(1)      -8(1) 

    C(24)    22(1)      23(1)      21(1)       0(1)      -3(1)      -2(1) 


Table 19S.  Selected Bond Lengthes for 4             

           A            B            Distance 

           N(1)         C(9)         1.4606(17) 

           N(1)         C(11)        1.4629(18) 

           N(1)         C(1)         1.4701(17) 

           N(2)         C(18)        1.4760(16) 

           N(2)         C(8)         1.4792(17) 

           N(2)         C(10)        1.4864(17) 

           C(1)         C(2)         1.5248(18) 

           C(1)         H(1A)        0.9900 

           C(1)         H(1B)        0.9900 

           C(2)         C(3)         1.3960(18) 

           C(2)         C(7)         1.4073(18) 

           C(3)         C(4)         1.390(2) 

           C(3)         H(3A)        0.9500 

           C(4)         C(5)         1.383(2) 

           C(4)         H(4A)        0.9500 

           C(5)         C(6)         1.389(2) 

           C(5)         H(5A)        0.9500 

           C(6)         C(7)         1.3950(19) 

           C(6)         H(6A)        0.9500 

           C(7)         C(8)         1.5152(18) 

           C(8)         H(8A)        0.9900 

           C(8)         H(8B)        0.9900 

           C(9)         C(10)        1.5371(18) 

           C(9)         H(9A)        0.9900 

           C(9)         H(9B)        0.9900 

           C(10)        H(10A)       0.9900 

           C(10)        H(10B)       0.9900 

           C(11)        C(12)        1.5121(19) 

           C(11)        H(11A)       0.9900 

           C(11)        H(11B)       0.9900 

           C(12)        C(13)        1.390(2) 

           C(12)        C(17)        1.3918(18) 

           C(13)        C(14)        1.394(2) 

           C(13)        H(13A)       0.9500 

           C(14)        C(15)        1.379(2) 

           C(14)        H(14A)       0.9500 

           C(15)        C(16)        1.386(2) 

           C(15)        H(15A)       0.9500 

           C(16)        C(17)        1.390(2) 

           C(16)        H(16A)       0.9500 

           C(17)        H(17A)       0.9500 

           C(18)        C(19)        1.5110(17) 

           C(18)        H(18A)       0.9900 

           C(18)        H(18B)       0.9900 

           C(19)        C(24)        1.3921(18) 

           C(19)        C(20)        1.3953(17) 

           C(20)        C(21)        1.3885(18) 

           C(20)        H(20A)       0.9500 

           C(21)        C(22)        1.3913(19) 

           C(21)        H(21A)       0.9500 

           C(22)        C(23)        1.3861(19) 

           C(22)        H(22A)       0.9500 

           C(23)        C(24)        1.3946(18) 

           C(23)        H(23A)       0.9500 

           C(24)        H(24A)       0.9500 


Table 20S.  Selected Bond Angles for 4

           A            B            C            Angle 

           C(9)         N(1)         C(11)        115.12(11) 

           C(9)         N(1)         C(1)         115.44(11) 

           C(11)        N(1)         C(1)         112.05(11) 

           C(18)        N(2)         C(8)         111.73(10) 

           C(18)        N(2)         C(10)        108.89(10) 

           C(8)         N(2)         C(10)        113.03(10) 

           N(1)         C(1)         C(2)         117.18(11) 

           N(1)         C(1)         H(1A)        108.0 

           C(2)         C(1)         H(1A)        108.0 

           N(1)         C(1)         H(1B)        108.0 

           C(2)         C(1)         H(1B)        108.0 

           H(1A)        C(1)         H(1B)        107.2 

           C(3)         C(2)         C(7)         118.74(12) 

           C(3)         C(2)         C(1)         119.07(12) 

           C(7)         C(2)         C(1)         122.19(12) 

           C(4)         C(3)         C(2)         121.64(12) 

           C(4)         C(3)         H(3A)        119.2 

           C(2)         C(3)         H(3A)        119.2 

           C(5)         C(4)         C(3)         119.41(13) 

           C(5)         C(4)         H(4A)        120.3 

           C(3)         C(4)         H(4A)        120.3 

           C(4)         C(5)         C(6)         119.72(13) 

           C(4)         C(5)         H(5A)        120.1 

           C(6)         C(5)         H(5A)        120.1 

           C(5)         C(6)         C(7)         121.45(13) 

           C(5)         C(6)         H(6A)        119.3 

           C(7)         C(6)         H(6A)        119.3 

           C(6)         C(7)         C(2)         118.99(12) 

           C(6)         C(7)         C(8)         119.65(12) 

           C(2)         C(7)         C(8)         121.17(12) 

           N(2)         C(8)         C(7)         114.41(11) 

           N(2)         C(8)         H(8A)        108.7 

           C(7)         C(8)         H(8A)        108.7 

           N(2)         C(8)         H(8B)        108.7 

           C(7)         C(8)         H(8B)        108.7 

           H(8A)        C(8)         H(8B)        107.6 

           N(1)         C(9)         C(10)        117.89(11) 

           N(1)         C(9)         H(9A)        107.8 

           C(10)        C(9)         H(9A)        107.8 

           N(1)         C(9)         H(9B)        107.8 

           C(10)        C(9)         H(9B)        107.8 

           H(9A)        C(9)         H(9B)        107.2 

           N(2)         C(10)        C(9)         113.96(11) 

           N(2)         C(10)        H(10A)       108.8 

           C(9)         C(10)        H(10A)       108.8 

           N(2)         C(10)        H(10B)       108.8 

           C(9)         C(10)        H(10B)       108.8 

           H(10A)       C(10)        H(10B)       107.7 

           N(1)         C(11)        C(12)        112.22(11) 

           N(1)         C(11)        H(11A)       109.2 

           C(12)        C(11)        H(11A)       109.2 

           N(1)         C(11)        H(11B)       109.2 

           C(12)        C(11)        H(11B)       109.2 

           H(11A)       C(11)        H(11B)       107.9 

           C(13)        C(12)        C(17)        118.23(13) 

           C(13)        C(12)        C(11)        120.89(12) 

           C(17)        C(12)        C(11)        120.88(12) 

           C(12)        C(13)        C(14)        120.80(14) 

           C(12)        C(13)        H(13A)       119.6 

           C(14)        C(13)        H(13A)       119.6 

           C(15)        C(14)        C(13)        120.31(14) 

           C(15)        C(14)        H(14A)       119.8 

           C(13)        C(14)        H(14A)       119.8 

           C(14)        C(15)        C(16)        119.55(14) 

           C(14)        C(15)        H(15A)       120.2 

           C(16)        C(15)        H(15A)       120.2 

           C(15)        C(16)        C(17)        120.11(14) 

           C(15)        C(16)        H(16A)       119.9 

           C(17)        C(16)        H(16A)       119.9 

           C(16)        C(17)        C(12)        121.00(13) 

           C(16)        C(17)        H(17A)       119.5 

           C(12)        C(17)        H(17A)       119.5 

           N(2)         C(18)        C(19)        111.26(10) 

           N(2)         C(18)        H(18A)       109.4 

           C(19)        C(18)        H(18A)       109.4 

           N(2)         C(18)        H(18B)       109.4 

           C(19)        C(18)        H(18B)       109.4 

           H(18A)       C(18)        H(18B)       108.0 

           C(24)        C(19)        C(20)        118.49(12) 

           C(24)        C(19)        C(18)        121.39(11) 

           C(20)        C(19)        C(18)        120.12(11) 

           C(21)        C(20)        C(19)        120.84(12) 

           C(21)        C(20)        H(20A)       119.6 

           C(19)        C(20)        H(20A)       119.6 

           C(20)        C(21)        C(22)        120.28(12) 

           C(20)        C(21)        H(21A)       119.9 

           C(22)        C(21)        H(21A)       119.9 

           C(23)        C(22)        C(21)        119.35(12) 

           C(23)        C(22)        H(22A)       120.3 

           C(21)        C(22)        H(22A)       120.3 

           C(22)        C(23)        C(24)        120.28(12) 

           C(22)        C(23)        H(23A)       119.9 

           C(24)        C(23)        H(23A)       119.9 

           C(19)        C(24)        C(23)        120.75(12) 

           C(19)        C(24)        H(24A)       119.6 

           C(23)        C(24)        H(24A)       119.6 
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Supporting Information: 





DSC traces for the thermal reactivity of 1, 2, and 3.
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