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 (Cyano(phenyl)methyl)magnesium chloride (9):  A THF solution (1 mL) of iPrMgCl (2.0 M, 

2 mmol, 1.15 equiv.) was added dropwise (~5 min) to a 0 °C solution (1.5 mL) of  

phenylacetonitrile (203 mg, 1.7 mmol).  After 15 min, the cooling bath was removed and the 

reaction allowed to warm to room temperature.  After 1 h, 750 uL of this solution was transferred 

by syringe to a dry NMR tube capped with a septum and used for unlocked 13C and HETCOR 

NMR analyses:13C NMR: δ 31.3 (d), 113.3(d), 118.2 (d), 127.5 (d), 147.6 (s). 

 

(Cyano(2-methoxyphenyl)methyl) 6lithium (71-6Li) in d8 THF:  Neat Bu6Li (12 M, 28 uL) 

was added via syringe to a -75 °C, d8-THF solution (700 uL) of 2-(2-methoxyphenyl)acetonitrile 

(47  mg, 0.31 mmol) in a dry NMR tube fitted with a valve cap.  The deprotonation was 

monitored by 1H NMR with spectra taken after each injection of between 5uL and 10 uL of BuLi.  

A temperature of -75 °C was maintained in the spectrometer and the time when the sample was 

outside of the instrument for adding incremental BuLi injections was minimized.  1H NMR (500 

MHz, THF-d8) δ 2.81 (s, 1H), 3.58 (s, 3H), 6.00 (t, J = 7.3 Hz, 1H), 6.33 (d, J = 7.6 Hz, 1H), 

6.41 (t, J = 7.3 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H);  6Li NMR (74 MHz, THF-d8) δ 0.68;  13C 

NMR (126 MHz, THF-d8) δ 25.82 (d), 55.55 (q), 110.51 (d), 112.21 (d), 118.98 (d), 121.67 (d), 

139.58 (s), 146.01 (s), 151.50 (s). 

 

(Cyano(2-methoxyphenyl)methyl) 6lithium (71-6Li) in d10 Et2O:  Neat Bu6Li (12 M, 27 uL) 

was added via syringe to a -75 °C, d8-THF solution (700 uL) of 2-(2-methoxyphenyl)acetonitrile 

(45  mg, 0.31 mmol) in a dry NMR tube fitted with a valve cap.  The deprotonation was 

monitored by 1H NMR with spectra taken after each injection of between 5uL and 10 uL of BuLi.  

A temperature of -75 °C was maintained in the spectrometer and the time when the sample was 
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outside of the instrument for adding incremental BuLi injections was minimized.   1H NMR (500 

MHz, Et2O-d10) δ 3.34 (s, 1H), 3.50 (s, 2H), 3.81 (s, 3H), 6.43 (s, 1H), 6.60 (s, 1H), 6.69 (s, 1H), 

6.98 (s, 1H); 6Li NMR (74 MHz, Et2O -d10) δ 1.42; 13C NMR (126 MHz, Et2O -d10) δ 25.87, 

55.09, 109.76, 115.22, 120.12, 121.17, 121.23, 136.45, 151.87, 155.26. 

 

(Cyano(2-methoxyphenyl)methyl)magnesium chloride (71-Mg): A THF solution (6 mL) of 

iPrMgCl (2.0 M, 12 mmol, 1.14 equiv.) was added dropwise (~5 min) to a 0 °C, solution (5 mL) 

of  2-(2-methoxyphenyl)acetonitrile (1.54 g, 10.5 mmol).  After 15 min, the cooling bath was 

removed and the reaction allowed to warm to room temperature. After 1 h, gentle heating was 

applied to afford a clear, dark-yellow solution.  750 uL of this solution was transferred by 

syringe to a dry NMR tube capped with a septum.  The solvent was removed under reduced 

pressure at room temperature, and then the NMR tube was charged with 700 uL of dry d8 THF 

for NMR analysis.  The remaining solution was concentrated by removing approximately 1/3 of 

the solvent under vacuum.  After leaving the solution for 5 days undisturbed at -20 °C crystals 

were obtained for crystallographic analysis.  1H NMR (400 MHz, THF) δ 2.98 (s, 1H), 3.59 (s, 

3H), 6.11 (t, J = 7.2 Hz, 1H), 6.39 (d, J = 8.3 Hz, 1H), 6.43 (t, J = 7.3 Hz, 1H), 6.69 (dd, J = 7.7, 

1.4 Hz, 1H); 13C NMR (101 MHz, THF) δ 25.85, 55.62, 110.87, 114.07, 119.62, 121.62, 138.15, 

147.56, 152.03. 

 

 (Cyano(2-methoxyphenyl)methyl) copper (71-Cu):  A hexanes solution (1.2 mL) of BuLi (2.5 

M, 2.89 mmol, 1.14 equiv.) was added dropwise (~5 min) to a -78 °C, THF solution (2.0 mL) of 

2-(2-methoxyphenyl)acetonitrile (372  mg, 2.53 mmol).  After 15 min, the solution was 

transferred by syringe to a 25 mL Schlenk flask containing a -78 °C, THF slurry (3 mL) of 
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copper (I) iodide ( 580 mg, 3.05 mmol, 1.20 equiv.).  750 uL of this solution was transferred by 

syringe to a dry NMR tube capped with a septum and used for unlocked 13C NMR analysis.  13C 

NMR (101 MHz, THF) δ 20.04, 54.74 (q), 109.49 (d), 120.12 (d), 120.99 (d), 123.41 (d), 130.42 

(s), 131.18 (s), 153.72 (s). 

 

(Cyanocyclohexyl)lithium (43a): A flame-dried, round bottom flask with a magnetic stirbar, 

THF (3 mL) and N,N-diisopropyl amine (330 uL, 238 mg, 2.4 mmol) was cooled to -78 °C and 

then BuLi (2.5M in Hexanes, 900 uL, 2.3 mmol) was added.  After 30 min neat 

cyclohexanecarbonitrile (250 uL, 230 mg 2.1 mmol) was added.  After 30 minutes the cold bath 

is removed and after 15 min 750 uL of the solution is transferred to a dry NMR tube sealed with 

a rubber septum.  13C NMR (126 MHz, THF) δ 163.50 (CN). 

 

(1-Cyanocyclohexyl)magnesium bromide (72):  A dry NMR tube fitted with a valved, septum 

sealed cap was charged with a THF solution (0.55M , 700 uL) of MesMgBr.    Neat 1-

bromocyclohexanecarbonitrile (up to 75 uL) was added at -35 °C until the 13C NMR resonances 

of MesMgBr completely disappear.  Alternatively the magnesiated nitrile 9c was generated by 

the dropwise addition of 1-bromocyclohexanecarbonitrile (244 mg, 1.3 mmol) to a 0 °C, THF 

solution of MesMgBr (0.53 M, 1.5 mmol).  After 30 min a portion of the solution was transferred 

to an NMR tube for analysis.  Inducing crystallizations from this solution by removing the 

solvent and cooling (-80 °C, 5 days) yields only [1,1'-bi(cyclohexane)]-1,1'-dicarbonitrile. 13C 

NMR (126 MHz, THF) δ 30.34, 31.16, 35.23, 45.92, 123.69, 126.58 (CN). 

 

(1-Cyanocyclohexyl)(methyl)copper (45a): Solutions in THF were prepared by following a 

previously reported procedure1 in which 1-bromocyclohexanecarbonitrile (262.8 mg, 1.40 mmol) 

was treated with Me2CuLi.2 For NMR analyses, after the exchange reaction is allowed to proceed 

for 1.5 h, the solution is vacuum filtered in a glovebox and 700 uL is transferred to a dry, 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 S6

septum-sealed NMR tube: 13C NMR (126 MHz, 2.5:1 THF/Et2O) δ 23.30, 24.72, 26.81, 36.49, 

123.50. Solutions in ether were prepared by adding an ether solution of MeLi (5.1 mL, 1.6 

mol.L-1, 8.1 mmol) to a 0 °C, ethereal slurry (2 mL) of CuI (842 mg, 4.4 mol).  After 50 min, an 

ether solution (5 mL) of 1-Bromo-cyclohexanecarbonitrile (693 mg, 3.7 mmol) was added an 

after 1.5 hour, 1.5 mL solution of this sample was removed by syringe to a sealed, N2 protected 

NMR tube. 13C NMR 15.1 (q, J = 126Hz, 1C), 23.6 (t, J = 127Hz, 1C), 25.1 (t, J = 128Hz, 1C), 

27.2 (q, J = 130Hz, 1C), 34.9 (s, 1C), 37.2 (t, J = 129Hz, 1C), 65.7 (t, J = 141Hz, 1C), 125.1 (s, 

1C). After 3 h at room temperature, the remaining solution was cooled to 0 °C and neat 

propargyl bromide (511 mg, 4.30 mmol). After 2 h saturated, aqueous NH4Cl solution was added, 

the mixture was stirred vigorously with exposure to air for 30 min, and then the crude product 

was extracted with ethyl ether. The combined organic extracts were dried (MgSO4) and purified 

by radial chromatography (1:100 to 1:50 EtOAc/hexanes) to afford 227 mg (47%) of 1-Propa-

1,2-dienyl-cyclohexanecarbonitrile as an oil spectrally identical to material previously isolated.1
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CIF Data cyano(2-methoxyphenyl)methanide magnesium chloride 

 

 

data_2omebzcnmg_0m  

  

_audit_creation_method            SHELXL-97  

_chemical_name_systematic  

;  

 ?  

;  

_chemical_name_common             'Magnesio-2Methoxy Phenylacetonitrile'  

_chemical_melting_point           ?  

_chemical_formula_moiety          'C9 H8 Cl Mg N O'   

_chemical_formula_sum     'C9 H8 Cl Mg N O'  

 

_chemical_formula_weight          205.92  

  

loop_  

 _atom_type_symbol  

 _atom_type_description  

 _atom_type_scat_dispersion_real  

 _atom_type_scat_dispersion_imag  

 _atom_type_scat_source  
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 'C'  'C'   0.0033   0.0016  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

 'H'  'H'   0.0000   0.0000  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

 'N'  'N'   0.0061   0.0033  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

 'O'  'O'   0.0106   0.0060  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

 'Mg'  'Mg'   0.0486   0.0363  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

 'Cl'  'Cl'   0.1484   0.1585  

 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  

  

_symmetry_cell_setting            Triclinic  

_symmetry_space_group_name_H-M    'P1'  

  

loop_  

 _symmetry_equiv_pos_as_xyz  

 'x, y, z'  

  

_cell_length_a                    8.4967(4)  

_cell_length_b                    11.7346(6)  

_cell_length_c                    13.1461(6)  
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_cell_angle_alpha                 90.00  

_cell_angle_beta                  90.00  

_cell_angle_gamma                 90.00  

_cell_volume                      1310.74(11)  

_cell_formula_units_Z             6  

_cell_measurement_temperature     150(2)  

_cell_measurement_reflns_used     ?  

_cell_measurement_theta_min       ?  

_cell_measurement_theta_max       ?  

  

_exptl_crystal_description        rhomboid  

_exptl_crystal_colour             colorless 

_exptl_crystal_size_max           0.74  

_exptl_crystal_size_mid           0.22  

_exptl_crystal_size_min           0.11  

_exptl_crystal_density_meas       ?  

_exptl_crystal_density_diffrn     1.565  

_exptl_crystal_density_method     'not measured'  

_exptl_crystal_F_000              636  

_exptl_absorpt_coefficient_mu     0.459  

_exptl_absorpt_correction_type    'multi-scan'  

_exptl_absorpt_correction_T_min   0.7283  

_exptl_absorpt_correction_T_max   0.9533  
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_exptl_absorpt_process_details    'SADABS (Sheldrick, 2002)'  

  

_exptl_special_details  

;  

 ?  

;  

  

_diffrn_ambient_temperature       296(2)  

_diffrn_radiation_wavelength      0.71073  

_diffrn_radiation_type            MoK\a  

_diffrn_radiation_source          'fine-focus sealed tube'  

_diffrn_radiation_monochromator   graphite  

_diffrn_measurement_device_type   'Bruker Smart ApexII'  

_diffrn_measurement_method        '\f and \w scans'  

_diffrn_detector_area_resol_mean  ?  

_diffrn_reflns_number             21890  

_diffrn_reflns_av_R_equivalents   0.0275  

_diffrn_reflns_av_sigmaI/netI     0.0741  

_diffrn_reflns_limit_h_min        -12  

_diffrn_reflns_limit_h_max        12  

_diffrn_reflns_limit_k_min        -17  

_diffrn_reflns_limit_k_max        17  

_diffrn_reflns_limit_l_min        -19  
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_diffrn_reflns_limit_l_max        19  

_diffrn_reflns_theta_min          1.55  

_diffrn_reflns_theta_max          32.38  

_reflns_number_total              14879  

_reflns_number_gt                 9632  

_reflns_threshold_expression      >2sigma(I)  

  

_computing_data_collection        'SMART (Bruker, 1998)'  

_computing_cell_refinement        'SAINT (Bruker, 1998)'  

_computing_data_reduction         'SAINT' 

_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  

_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  

_computing_molecular_graphics     'SHELXTL (Sheldrick, 2000)' 

_computing_publication_material   'ORTEP-3 for windows (Faruggia, 1997)' 

  

_refine_special_details  

;  

 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  

 goodness of fit S are based on F^2^, conventional R-factors R are based  

 on F, with F set to zero for negative F^2^. The threshold expression of  

 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  

 not relevant to the choice of reflections for refinement.  R-factors based  

 on F^2^ are statistically about twice as large as those based on F, and R-  
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 factors based on ALL data will be even larger.  

;  

  

_refine_ls_structure_factor_coef  Fsqd   

_refine_ls_matrix_type            full  

_refine_ls_weighting_scheme       calc   

_refine_ls_weighting_details  

 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  

_atom_sites_solution_primary      direct  

_atom_sites_solution_secondary    difmap  

_atom_sites_solution_hydrogens    geom  

_refine_ls_hydrogen_treatment     mixed  

_refine_ls_extinction_method      none  

_refine_ls_extinction_coef        ?  

_refine_ls_abs_structure_details  

 'Flack H D (1983), Acta Cryst. A39, 876-881'  

_refine_ls_abs_structure_Flack    0.49(15)  

_refine_ls_number_reflns          14879  

_refine_ls_number_parameters      595  

_refine_ls_number_restraints      3  

_refine_ls_R_factor_all           0.1951  

_refine_ls_R_factor_gt            0.1504  

_refine_ls_wR_factor_ref          0.3849  
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_refine_ls_wR_factor_gt           0.3667  

_refine_ls_goodness_of_fit_ref    2.133  

_refine_ls_restrained_S_all       2.133  

_refine_ls_shift/su_max           0.709  

_refine_ls_shift/su_mean          0.146  

  

loop_  

 _atom_site_label  

 _atom_site_type_symbol  

 _atom_site_fract_x  

 _atom_site_fract_y  

 _atom_site_fract_z  

 _atom_site_U_iso_or_equiv  

 _atom_site_adp_type  

 _atom_site_occupancy  

 _atom_site_symmetry_multiplicity  

 _atom_site_calc_flag  

 _atom_site_refinement_flags  

 _atom_site_disorder_assembly  

 _atom_site_disorder_group  

Mg1 Mg 0.2162(2) 0.09087(18) 0.57571(15) 0.0310(4) Uani 1 1 d . . .  

Cl5 Cl 0.3829(3) -0.0727(2) 0.5747(2) 0.0826(7) Uani 1 1 d . . .  

Mg2 Mg 0.7169(2) 0.59097(18) 0.08672(15) 0.0310(4) Uani 1 1 d . . .  
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O2 O 0.0726(6) 0.0171(5) 0.4622(4) 0.0633(15) Uani 1 1 d . . .  

O1 O 0.3489(6) 0.1744(5) 0.4644(4) 0.0586(14) Uani 1 1 d . . .  

C2 C 0.5679(15) 0.2129(17) 0.3619(11) 0.136(7) Uani 1 1 d . . .  

C3 C 0.469(2) 0.3013(18) 0.3551(15) 0.203(12) Uani 1 1 d . . .  

C1 C 0.445(3) 0.1171(17) 0.381(2) 0.262(16) Uani 1 1 d . . .  

C5 C -0.077(2) 0.0679(16) 0.428(2) 0.255(17) Uani 1 1 d . . .  

C4 C 0.104(2) -0.0969(15) 0.4189(18) 0.223(12) Uani 1 1 d . . .  

C6 C -0.041(2) -0.1181(18) 0.3589(14) 0.153(8) Uani 1 1 d . . .  

N1 N 0.8798(5) 0.7588(6) 0.0854(5) 0.0241(14) Uani 1 1 d . . .  

Cl3 Cl 0.5478(4) 0.4286(3) 0.0883(2) 0.0949(9) Uani 1 1 d . . .  

O4 O 0.5770(5) 0.6670(4) -0.0282(3) 0.0445(11) Uani 1 1 d . . .  

O6 O 0.8573(5) 0.5182(4) -0.0257(4) 0.0504(12) Uani 1 1 d . . .  

C7 C 0.351(2) 0.2850(19) 0.448(2) 0.30(2) Uani 1 1 d . . .  

C8 C 1.0258(9) 0.5374(8) -0.0405(8) 0.073(3) Uani 1 1 d . . .  

C9 C 1.0654(12) 0.4678(11) -0.1297(9) 0.096(4) Uani 1 1 d . . .  

C10 C 0.9428(12) 0.3730(10) -0.1382(9) 0.097(4) Uani 1 1 d . . .  

C13 C 0.3532(11) 0.7141(9) -0.1297(7) 0.082(3) Uani 1 1 d . . .  

C12 C 0.4827(12) 0.8006(12) -0.1405(8) 0.108(5) Uani 1 1 d . . .  

C14 C 0.4147(9) 0.6346(9) -0.0473(10) 0.097(4) Uani 1 1 d . . .  

C15 C 0.6269(10) 0.7335(8) -0.1070(6) 0.070(2) Uani 1 1 d . . .  

C16 C -0.1488(18) -0.0260(19) 0.3614(9) 0.135(6) Uani 1 1 d . . .  

C17 C 0.8034(10) 0.4382(10) -0.1054(7) 0.084(3) Uani 1 1 d . . .  

O7 O 0.8565(6) 0.5196(5) 0.2025(4) 0.0632(15) Uani 1 1 d . . .  
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O8 O 0.0741(5) 0.0173(4) 0.6905(4) 0.0504(12) Uani 1 1 d . . .  

C18 C 0.1263(10) -0.0628(10) 0.7671(7) 0.084(3) Uani 1 1 d . . .  

C19 C -0.0916(8) 0.0394(8) 0.7077(8) 0.079(3) Uani 1 1 d . . .  

C20 C -0.1398(13) -0.0327(11) 0.7944(9) 0.094(4) Uani 1 1 d . . .  

C21 C -0.0134(11) -0.1205(11) 0.8047(9) 0.093(4) Uani 1 1 d . . .  

C28 C 1.006(3) 0.5586(19) 0.234(2) 0.34(2) Uani 1 1 d . . .  

C27 C 0.827(2) 0.4125(15) 0.252(2) 0.222(13) Uani 1 1 d . . .  

C29 C 1.0716(19) 0.467(2) 0.2996(10) 0.147(8) Uani 1 1 d . . .  

C30 C 0.966(3) 0.3828(18) 0.3082(13) 0.151(8) Uani 1 1 d . . .  

O9 O 0.3520(5) 0.1654(4) 0.6920(3) 0.0455(11) Uani 1 1 d . . .  

C32 C 1.0884(13) 0.9859(8) 0.0778(8) 0.082(3) Uani 1 1 d . . .  

C33 C 1.1120(12) 0.8714(9) 0.0815(11) 0.094(3) Uani 1 1 d . . .  

C31 C 0.9375(17) 1.0570(13) 0.0795(12) 0.108(4) Uani 1 1 d . . .  

O10 O 0.5808(6) 0.6729(5) 0.1972(4) 0.0610(15) Uani 1 1 d . . .  

C34 C 0.582(2) 0.7891(17) 0.2114(19) 0.263(17) Uani 1 1 d . . .  

C36 C 0.939(2) 0.7731(11) 0.0829(8) 0.100(5) Uani 1 1 d . . .  

C38 C 0.9023(16) 1.1514(13) 0.0767(12) 0.115(5) Uani 1 1 d . . .  

O11 O 1.3686(12) 0.9884(13) 0.0735(8) 0.161(6) Uani 1 1 d . . .  

C40 C 1.0556(19) 1.200(2) 0.080(2) 0.236(14) Uani 1 1 d . . .  

C42 C 1.1850(13) 1.1843(9) 0.0832(8) 0.077(3) Uani 1 1 d . . .  

C41 C 1.2253(12) 1.0794(13) 0.0761(8) 0.084(3) Uani 1 1 d . . .  

C47 C 0.0235(14) 0.6554(8) 0.5806(12) 0.103(4) Uani 1 1 d . . .  

C51 C 0.5759(9) 0.2175(9) 0.7873(7) 0.078(3) Uani 1 1 d . . .  
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C50 C 0.4443(12) 0.3001(11) 0.8067(9) 0.102(4) Uani 1 1 d . . .  

C48 C 0.5173(11) 0.1355(10) 0.7117(12) 0.102(4) Uani 1 1 d . . .  

C49 C 0.3014(11) 0.2372(9) 0.7664(7) 0.077(3) Uani 1 1 d . . .  

C54 C 0.452(2) 0.7933(18) 0.3076(10) 0.145(7) Uani 1 1 d . . .  

C53 C 0.3518(17) 0.7134(15) 0.2990(12) 0.123(5) Uani 1 1 d . . .  

C57 C -0.2857(16) 0.585(2) 0.5886(7) 0.127(6) Uani 1 1 d . . .  

C55 C 0.0008(13) 0.5429(11) 0.5859(9) 0.089(3) Uani 1 1 d . . .  

C58 C -0.2531(11) 0.6788(9) 0.5835(7) 0.067(2) Uani 1 1 d . . .  

C59 C -0.1165(13) 0.7152(17) 0.5798(11) 0.149(8) Uani 1 1 d . . .  

C56 C -0.1490(11) 0.4895(7) 0.5829(5) 0.060(2) Uani 1 1 d . . .  

C60 C -0.1785(11) 0.3696(7) 0.5814(9) 0.075(2) Uani 1 1 d . . .  

O12 O -0.413(2) 0.5008(13) 0.5898(8) 0.174(6) Uani 1 1 d . . .  

C61 C 0.475(3) 0.609(2) 0.268(2) 0.259(16) Uani 1 1 d . . .  

C64 C 1.4960(15) 1.101(3) 0.0736(15) 0.232(15) Uani 1 1 d . . .  

N2 N 0.0505(5) 0.2542(4) 0.5760(3) 0.0235(10) Uani 1 1 d . . .  

C68 C -0.5751(18) 0.576(3) 0.5852(13) 0.28(2) Uani 1 1 d . . .  

C69 C -0.0342(15) 0.2879(8) 0.5808(6) 0.076(3) Uani 1 1 d . . .  

  

loop_  

 _atom_site_aniso_label  

 _atom_site_aniso_U_11  

 _atom_site_aniso_U_22  

 _atom_site_aniso_U_33  
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 _atom_site_aniso_U_23  

 _atom_site_aniso_U_13  

 _atom_site_aniso_U_12  

Mg1 0.0302(8) 0.0261(8) 0.0366(9) -0.0009(6) 0.0028(6) 0.0039(6)  

Cl5 0.0721(15) 0.0716(15) 0.1040(17) -0.0052(13) 0.0080(12) 0.0074(12)  

Mg2 0.0308(8) 0.0249(8) 0.0374(9) 0.0012(6) 0.0000(6) -0.0010(6)  

O2 0.049(3) 0.061(3) 0.080(3) -0.033(3) -0.012(3) 0.001(3)  

O1 0.055(3) 0.074(4) 0.046(2) 0.007(2) 0.007(2) -0.013(3)  

C2 0.075(8) 0.216(19) 0.117(10) 0.051(11) 0.056(7) -0.019(10)  

C3 0.150(13) 0.23(2) 0.228(19) 0.197(18) 0.122(14) 0.086(14)  

C1 0.31(3) 0.141(14) 0.34(3) -0.074(16) 0.27(3) -0.132(16)  

C5 0.187(16) 0.181(17) 0.40(3) -0.23(2) -0.23(2) 0.111(14)  

C4 0.204(18) 0.148(14) 0.32(3) -0.192(18) -0.085(19) 0.004(14)  

C6 0.109(11) 0.199(18) 0.151(13) -0.133(14) 0.009(10) -0.032(11)  

N1 0.0035(15) 0.031(3) 0.038(3) -0.012(2) -0.0029(15) -0.014(2)  

Cl3 0.0913(19) 0.0811(18) 0.112(2) 0.0033(15) 0.0067(15) -0.0129(15)  

O4 0.043(2) 0.051(3) 0.040(2) 0.0085(19) -0.0112(17) -0.007(2)  

O6 0.040(2) 0.044(3) 0.067(3) -0.019(2) 0.007(2) -0.009(2)  

C7 0.216(19) 0.24(2) 0.45(4) 0.31(3) 0.24(2) 0.160(17)  

C8 0.039(4) 0.073(6) 0.107(6) -0.050(5) 0.021(4) -0.016(4)  

C9 0.069(6) 0.122(9) 0.098(7) -0.083(7) 0.029(5) -0.025(6)  

C10 0.070(6) 0.098(8) 0.124(8) -0.075(7) 0.023(6) -0.028(6)  

C13 0.072(5) 0.093(7) 0.082(5) 0.057(5) -0.039(4) -0.034(5)  
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C12 0.074(6) 0.146(11) 0.104(8) 0.076(8) -0.041(5) -0.057(7)  

C14 0.038(4) 0.087(7) 0.167(10) 0.073(7) -0.031(5) -0.023(4)  

C15 0.065(5) 0.077(6) 0.068(5) 0.038(4) 0.003(4) 0.000(4)  

C16 0.105(10) 0.224(19) 0.076(7) -0.033(9) -0.043(7) -0.046(11)  

C17 0.057(5) 0.130(9) 0.066(5) -0.057(6) -0.011(4) 0.005(5)  

O7 0.044(3) 0.069(4) 0.076(3) 0.022(3) -0.007(2) 0.001(3)  

O8 0.034(2) 0.056(3) 0.061(3) 0.032(2) 0.0133(19) 0.021(2)  

C18 0.053(4) 0.129(9) 0.071(5) 0.056(6) -0.004(4) 0.018(5)  

C19 0.032(3) 0.083(6) 0.121(7) 0.060(5) 0.032(4) 0.018(3)  

C20 0.085(7) 0.099(8) 0.097(7) 0.064(6) 0.030(5) 0.000(6)  

C21 0.055(5) 0.109(8) 0.114(8) 0.069(7) 0.003(5) 0.009(5)  

C28 0.32(3) 0.20(2) 0.49(4) 0.18(3) -0.37(3) -0.10(2)  

C27 0.154(14) 0.135(13) 0.38(3) 0.201(19) -0.080(18) -0.047(12)  

C29 0.114(11) 0.25(2) 0.080(7) 0.040(11) -0.024(7) 0.096(13)  

C30 0.156(15) 0.178(18) 0.118(11) 0.101(12) 0.008(11) 0.049(13)  

O9 0.036(2) 0.062(3) 0.039(2) -0.008(2) -0.0051(17) 0.000(2)  

C32 0.101(7) 0.061(6) 0.083(6) -0.007(4) 0.010(5) -0.048(5)  

C33 0.055(5) 0.066(6) 0.160(10) 0.012(6) -0.011(6) -0.013(4)  

C31 0.102(9) 0.093(9) 0.130(10) 0.032(8) -0.008(8) 0.018(8)  

O10 0.045(3) 0.090(4) 0.048(3) -0.027(3) 0.005(2) 0.006(3)  

C34 0.191(16) 0.208(18) 0.39(3) -0.26(2) 0.22(2) -0.137(15)  

C36 0.179(13) 0.084(9) 0.037(4) -0.005(5) -0.010(7) 0.114(9)  

C38 0.092(8) 0.099(10) 0.153(12) 0.034(9) -0.032(8) -0.037(8)  
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O11 0.100(7) 0.278(16) 0.106(6) -0.047(8) 0.015(5) -0.091(9)  

C40 0.094(11) 0.30(3) 0.31(3) 0.09(2) -0.055(14) -0.153(17)  

C42 0.068(6) 0.076(7) 0.086(6) 0.010(5) 0.002(5) -0.014(5)  

C41 0.058(5) 0.137(11) 0.058(5) 0.002(5) 0.013(4) 0.042(6)  

C47 0.088(8) 0.032(5) 0.189(13) -0.002(6) 0.015(8) 0.018(4)  

C51 0.050(4) 0.106(7) 0.080(5) -0.055(5) -0.031(4) 0.020(5)  

C50 0.068(6) 0.119(9) 0.118(8) -0.082(7) -0.041(6) 0.044(6)  

C48 0.045(5) 0.079(7) 0.182(13) -0.021(8) -0.027(6) 0.003(5)  

C49 0.069(5) 0.082(6) 0.081(6) -0.045(5) 0.010(4) -0.003(5)  

C54 0.133(12) 0.220(18) 0.083(8) -0.088(10) 0.042(8) 0.038(12)  

C53 0.098(9) 0.132(13) 0.138(11) -0.030(9) 0.080(9) 0.003(9)  

C57 0.086(7) 0.260(19) 0.036(4) -0.008(7) 0.007(4) -0.093(10)  

C55 0.079(7) 0.093(8) 0.096(7) 0.002(6) -0.011(5) -0.017(6)  

C58 0.051(5) 0.074(6) 0.075(5) -0.006(4) 0.009(4) 0.010(4)  

C59 0.056(6) 0.26(2) 0.128(10) -0.011(12) -0.001(6) 0.109(10)  

C56 0.077(5) 0.058(5) 0.046(4) 0.014(3) 0.006(3) 0.029(4)  

C60 0.068(5) 0.044(4) 0.113(7) -0.001(4) -0.001(5) 0.013(4)  

O12 0.245(17) 0.189(12) 0.089(6) -0.012(7) -0.001(8) 0.018(12)  

C61 0.24(2) 0.193(19) 0.35(3) -0.006(19) 0.26(3) 0.020(16)  

C64 0.054(7) 0.48(4) 0.165(15) 0.07(2) -0.014(8) -0.112(15)  

N2 0.0079(16) 0.030(2) 0.033(2) 0.0043(17) -0.0029(15) 0.0167(16)  

C68 0.077(10) 0.68(6) 0.098(11) 0.02(2) 0.014(8) 0.18(2)  

C69 0.112(9) 0.060(6) 0.055(4) -0.003(4) 0.003(5) -0.059(6)  
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_geom_special_details  

;  

 All esds (except the esd in the dihedral angle between two l.s. planes)  

 are estimated using the full covariance matrix.  The cell esds are taken  

 into account individually in the estimation of esds in distances, angles  

 and torsion angles; correlations between esds in cell parameters are only  

 used when they are defined by crystal symmetry.  An approximate (isotropic)  

 treatment of cell esds is used for estimating esds involving l.s. planes.  

;  

  

loop_  

 _geom_bond_atom_site_label_1  

 _geom_bond_atom_site_label_2  

 _geom_bond_distance  

 _geom_bond_site_symmetry_2  

 _geom_bond_publ_flag  

Mg1 O1 2.091(5) . ?  

Mg1 O9 2.105(4) . ?  

Mg1 O8 2.116(4) . ?  

Mg1 O2 2.113(5) . ?  

Mg1 N2 2.378(5) . ?  

Mg1 Cl5 2.385(3) . ?  
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Mg2 O6 2.083(5) . ?  

Mg2 O10 2.091(5) . ?  

Mg2 O7 2.104(6) . ?  

Mg2 O4 2.120(4) . ?  

Mg2 N1 2.407(5) . ?  

Mg2 Cl3 2.386(3) . ?  

O2 C5 1.471(14) . ?  

O2 C4 1.479(15) . ?  

O1 C7 1.316(19) . ?  

O1 C1 1.519(18) . ?  

C2 C3 1.34(2) . ?  

C2 C1 1.56(2) . ?  

C3 C7 1.589(19) . ?  

C5 C16 1.537(17) . ?  

C4 C6 1.49(2) . ?  

C6 C16 1.42(3) . ?  

N1 C36 0.53(2) . ?  

O4 C15 1.364(8) . ?  

O4 C14 1.453(8) . ?  

O6 C17 1.479(9) . ?  

O6 C8 1.462(8) . ?  

C8 C9 1.468(11) . ?  

C9 C10 1.528(13) . ?  
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C10 C17 1.475(15) . ?  

C13 C12 1.503(12) . ?  

C13 C14 1.521(11) . ?  

C12 C15 1.521(15) . ?  

O7 C27 1.435(12) . ?  

O7 C28 1.408(18) . ?  

O8 C19 1.449(8) . ?  

O8 C18 1.448(9) . ?  

C18 C21 1.453(13) . ?  

C19 C20 1.478(11) . ?  

C20 C21 1.494(16) . ?  

C28 C29 1.49(2) . ?  

C27 C30 1.44(2) . ?  

C29 C30 1.34(3) . ?  

O9 C49 1.361(9) . ?  

O9 C48 1.471(11) . ?  

C32 C33 1.360(15) . ?  

C32 C41 1.599(17) . ?  

C32 C31 1.530(18) . ?  

C33 C36 1.87(2) . ?  

C31 C38 1.148(19) . ?  

O10 C34 1.377(18) . ?  

O10 C61 1.491(18) . ?  
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C34 C54 1.680(18) . ?  

C38 C40 1.423(15) . ?  

O11 C41 1.620(18) . ?  

O11 C64 1.71(3) . ?  

C40 C42 1.12(2) . ?  

C42 C41 1.281(17) . ?  

C47 C55 1.336(15) . ?  

C47 C59 1.381(14) . ?  

C51 C48 1.470(14) . ?  

C51 C50 1.501(13) . ?  

C50 C49 1.517(13) . ?  

C54 C53 1.27(2) . ?  

C53 C61 1.66(2) . ?  

C57 C58 1.14(2) . ?  

C57 O12 1.47(2) . ?  

C57 C56 1.62(2) . ?  

C57 C59 2.10(2) . ?  

C55 C56 1.419(14) . ?  

C58 C59 1.238(18) . ?  

C56 C60 1.429(12) . ?  

C60 C69 1.557(17) . ?  

O12 C68 1.64(2) . ?  

N2 C69 0.824(13) . ?  
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loop_  

 _geom_angle_atom_site_label_1  

 _geom_angle_atom_site_label_2  

 _geom_angle_atom_site_label_3  

 _geom_angle  

 _geom_angle_site_symmetry_1  

 _geom_angle_site_symmetry_3  

 _geom_angle_publ_flag  

O1 Mg1 O9 91.0(2) . . ?  

O1 Mg1 O8 176.0(3) . . ?  

O9 Mg1 O8 88.0(2) . . ?  

O1 Mg1 O2 90.5(2) . . ?  

O9 Mg1 O2 177.9(2) . . ?  

O8 Mg1 O2 90.4(2) . . ?  

O1 Mg1 N2 86.7(2) . . ?  

O9 Mg1 N2 89.35(19) . . ?  

O8 Mg1 N2 89.44(18) . . ?  

O2 Mg1 N2 89.4(2) . . ?  

O1 Mg1 Cl5 93.0(2) . . ?  

O9 Mg1 Cl5 90.73(17) . . ?  

O8 Mg1 Cl5 90.82(15) . . ?  

O2 Mg1 Cl5 90.53(18) . . ?  
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N2 Mg1 Cl5 179.73(18) . . ?  

O6 Mg2 O10 176.8(3) . . ?  

O6 Mg2 O7 91.6(2) . . ?  

O10 Mg2 O7 89.6(2) . . ?  

O6 Mg2 O4 89.3(2) . . ?  

O10 Mg2 O4 89.5(2) . . ?  

O7 Mg2 O4 178.6(3) . . ?  

O6 Mg2 N1 90.1(2) . . ?  

O10 Mg2 N1 86.9(2) . . ?  

O7 Mg2 N1 90.4(2) . . ?  

O4 Mg2 N1 88.4(2) . . ?  

O6 Mg2 Cl3 91.36(16) . . ?  

O10 Mg2 Cl3 91.6(2) . . ?  

O7 Mg2 Cl3 90.86(19) . . ?  

O4 Mg2 Cl3 90.27(16) . . ?  

N1 Mg2 Cl3 178.1(2) . . ?  

C5 O2 C4 114.0(9) . . ?  

C5 O2 Mg1 123.1(5) . . ?  

C4 O2 Mg1 122.5(8) . . ?  

C7 O1 C1 108.1(11) . . ?  

C7 O1 Mg1 125.8(9) . . ?  

C1 O1 Mg1 125.8(7) . . ?  

C3 C2 C1 98.5(16) . . ?  
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C2 C3 C7 104.5(9) . . ?  

O1 C1 C2 99.1(12) . . ?  

O2 C5 C16 103.1(11) . . ?  

O2 C4 C6 101.8(15) . . ?  

C16 C6 C4 113.3(12) . . ?  

C36 N1 Mg2 143.5(19) . . ?  

C15 O4 C14 108.3(6) . . ?  

C15 O4 Mg2 127.4(5) . . ?  

C14 O4 Mg2 123.0(4) . . ?  

C17 O6 C8 107.9(6) . . ?  

C17 O6 Mg2 125.8(5) . . ?  

C8 O6 Mg2 126.3(4) . . ?  

O1 C7 C3 104.7(17) . . ?  

O6 C8 C9 104.2(6) . . ?  

C8 C9 C10 107.9(8) . . ?  

C17 C10 C9 98.5(9) . . ?  

C12 C13 C14 103.3(6) . . ?  

C13 C12 C15 102.3(9) . . ?  

O4 C14 C13 106.7(6) . . ?  

O4 C15 C12 105.4(7) . . ?  

C6 C16 C5 107.7(10) . . ?  

C10 C17 O6 106.7(7) . . ?  

C27 O7 C28 108.2(10) . . ?  
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C27 O7 Mg2 125.0(8) . . ?  

C28 O7 Mg2 126.1(8) . . ?  

C19 O8 C18 107.8(5) . . ?  

C19 O8 Mg1 126.3(4) . . ?  

C18 O8 Mg1 125.9(4) . . ?  

O8 C18 C21 106.8(7) . . ?  

O8 C19 C20 106.7(7) . . ?  

C19 C20 C21 105.4(8) . . ?  

C18 C21 C20 103.6(8) . . ?  

O7 C28 C29 105.9(16) . . ?  

O7 C27 C30 107.5(13) . . ?  

C30 C29 C28 109.1(14) . . ?  

C29 C30 C27 109.2(12) . . ?  

C49 O9 C48 108.8(7) . . ?  

C49 O9 Mg1 127.3(5) . . ?  

C48 O9 Mg1 123.5(6) . . ?  

C33 C32 C41 124.8(10) . . ?  

C33 C32 C31 131.5(9) . . ?  

C41 C32 C31 103.6(9) . . ?  

C32 C33 C36 119.6(9) . . ?  

C38 C31 C32 138.1(15) . . ?  

C34 O10 C61 114.5(11) . . ?  

C34 O10 Mg2 123.1(7) . . ?  
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C61 O10 Mg2 122.4(9) . . ?  

O10 C34 C54 97.3(13) . . ?  

N1 C36 C33 160(2) . . ?  

C31 C38 C40 98.6(18) . . ?  

C41 O11 C64 88.0(13) . . ?  

C42 C40 C38 147(2) . . ?  

C40 C42 C41 114.8(16) . . ?  

C42 C41 C32 117.6(9) . . ?  

C42 C41 O11 146.7(12) . . ?  

C32 C41 O11 95.4(10) . . ?  

C55 C47 C59 112.2(13) . . ?  

C48 C51 C50 106.6(7) . . ?  

C51 C50 C49 102.9(8) . . ?  

C51 C48 O9 106.6(9) . . ?  

O9 C49 C50 107.4(7) . . ?  

C53 C54 C34 110.6(10) . . ?  

C54 C53 C61 98.2(14) . . ?  

C58 C57 O12 146(2) . . ?  

C58 C57 C56 119.6(10) . . ?  

O12 C57 C56 93.5(15) . . ?  

C58 C57 C59 29.1(7) . . ?  

O12 C57 C59 175.0(15) . . ?  

C56 C57 C59 90.6(7) . . ?  
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C47 C55 C56 124.4(11) . . ?  

C59 C58 C57 124.4(14) . . ?  

C58 C59 C47 129.2(17) . . ?  

C58 C59 C57 26.5(9) . . ?  

C47 C59 C57 102.7(13) . . ?  

C55 C56 C60 126.3(9) . . ?  

C55 C56 C57 109.6(9) . . ?  

C60 C56 C57 123.9(9) . . ?  

C56 C60 C69 118.0(8) . . ?  

C57 O12 C68 105.0(19) . . ?  

O10 C61 C53 99.5(15) . . ?  

C69 N2 Mg1 154.7(7) . . ?  

N2 C69 C60 169.8(10) . . ?  

  

_diffrn_measured_fraction_theta_max    0.884  

_diffrn_reflns_theta_full              32.38  

_diffrn_measured_fraction_theta_full   0.884  

_refine_diff_density_max    1.501  

_refine_diff_density_min   -0.563  

_refine_diff_density_rms    0.139 
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