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1. Crystal structure 

(1) Crystal structure of 3a. 

 
Fig. S1. Packing diagram of 3a. In the crystal structure, intermolecular S…O interactions [S3---O2= 3.013Å] create dimers between 

neighboring molecules in the ac plane. In addition, weak π…π stacking interaction exists between adjacent dithiole ringswith the 

centroid–centroid distances of 4.075Å forming the chains along the b axis 



(2) Crystal data and structure refinement for 3a. 
Table S1. Crystal data and structure refinement for 3a 

 Identification code 123  

 Empirical formula C18 H18 N2 O4 S4  

 Formula weight 454.58  

 Temperature 293(2) K  

 Wavelength 0.71073 A  

 Crystal system, space group monoclinic, P21/(c)   

 Unit cell dimensions a = 20.063(11) A   alpha = 90 deg.  

 b = 5.139(3) A    beta = 94.225(7) deg.  

 c = 23.216(13) A   gamma = 90 deg.  

 Volume 2387(2) A^3  

 Z, Calculated density 4, 1.265 Mg/m^3  

 Absorption coefficient 0.422 mm^-1  

 F(000) 944  

 Crystal size 0.3 x 0.2 x 0.2 mm  

 Theta range for data collection  1.76 to 26.00 deg.  

 Limiting indices -24<=h<=24, -6<=k<=3, -28<=l<=27  

 Reflections collected/unique 11869/4692 [R(int) = 0.0833]  

 Completeness to theta = 26.00 99.6%  

 Refinement method Full-matrix least-squares on F^2  

 Data/restraints/parameters 4692/0/253  

 Goodness-of-fit on F^2 1.005  

 Final R indices [I>2sigma(I)] R1 = 0.0810, wR2 = 0.2159  

 R indices (all data) R1 = 0.1741, wR2 = 0.2392  

 Largest diff. peak and hole 0.952 and -0.672 e.A^-3 

 



(3) CIF data 
Deposition number: CCDC 727217  
Summary of Data CCDC 727217 
Formula: C18 H18 N2 O4 S4   
Unit cell parameters: a 20.063(11) b 5.139(3) c 23.216(13)  
alpha 90.00 
beta 94.225(7)  
gamma 90.00                       
space group P21/c  
 
 
data_123  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  
 'C18 H18 N2 O4 S4'  
_chemical_formula_weight          454.58  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 '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'  
 'S'  'S'   0.1246   0.1234  
 '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'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            ?  
_symmetry_space_group_name_H-M    ?  
  
loop_  



 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    20.063(11)  
_cell_length_b                    5.139(3)  
_cell_length_c                    23.216(13)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  94.225(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      2387(2)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     293(2)  
_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       ?  
_cell_measurement_theta_max       ?  
  
_exptl_crystal_description        ?  
_exptl_crystal_colour             ?  
_exptl_crystal_size_max           ?  
_exptl_crystal_size_mid           ?  
_exptl_crystal_size_min           ?  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.265  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              944  
_exptl_absorpt_coefficient_mu     0.422  
_exptl_absorpt_correction_type    ?  
_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   ?  
_exptl_absorpt_process_details    ?  
  
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       293(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   ?  
_diffrn_measurement_method        ?  



_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          ?  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             11869  
_diffrn_reflns_av_R_equivalents   0.0833  
_diffrn_reflns_av_sigmaI/netI     0.1308  
_diffrn_reflns_limit_h_min        -24  
_diffrn_reflns_limit_h_max        24  
_diffrn_reflns_limit_k_min        -6  
_diffrn_reflns_limit_k_max        3  
_diffrn_reflns_limit_l_min        -28  
_diffrn_reflns_limit_l_max        27  
_diffrn_reflns_theta_min          1.76  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              4692  
_reflns_number_gt                 1849  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        ?  
_computing_cell_refinement        ?  
_computing_data_reduction         ?  
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1990)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  
_computing_publication_material   ?  
  
_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-  
 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_number_reflns          4692  
_refine_ls_number_parameters      253  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1741  
_refine_ls_R_factor_gt            0.0810  
_refine_ls_wR_factor_ref          0.2392  
_refine_ls_wR_factor_gt           0.2159  
_refine_ls_goodness_of_fit_ref    1.005  
_refine_ls_restrained_S_all       1.005  
_refine_ls_shift/su_max           0.121  
_refine_ls_shift/su_mean          0.025  
  
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  
S1 S 0.00622(8) 0.3320(3) 0.31834(6) 0.0596(5) Uani 1 1 d . . .  
S2 S -0.07263(8) 0.9423(3) 0.42693(6) 0.0563(5) Uani 1 1 d . . .  
S3 S 0.05498(8) 0.5387(4) 0.43452(6) 0.0601(5) Uani 1 1 d . . .  
S4 S -0.11555(8) 0.7185(4) 0.31287(7) 0.0618(6) Uani 1 1 d . . .  
C1 C -0.1653(3) 0.9611(12) 0.3400(3) 0.0533(16) Uani 1 1 d . . .  
C2 C 0.1569(4) 0.1862(14) 0.4359(3) 0.0636(19) Uani 1 1 d . . .  
C3 C -0.1469(3) 1.0577(13) 0.3929(2) 0.0518(16) Uani 1 1 d . . .  
O3 O -0.2347(2) 0.8715(10) 0.2582(2) 0.0798(15) Uani 1 1 d . . .  
C5 C 0.1078(3) -0.0240(15) 0.3256(3) 0.0599(19) Uani 1 1 d . . .  
O2 O -0.1503(2) 1.3989(9) 0.4599(2) 0.0771(15) Uani 1 1 d . . .  
C7 C -0.0564(3) 0.7124(13) 0.3730(2) 0.0545(17) Uani 1 1 d . . .  
C8 C -0.2231(3) 1.0548(18) 0.2988(3) 0.068(2) Uani 1 1 d . . .  
C9 C -0.1812(3) 1.2544(14) 0.4281(3) 0.0572(18) Uani 1 1 d . . .  
O4 O -0.2472(2) 1.2376(11) 0.4217(2) 0.0879(17) Uani 1 1 d . . .  
C11 C -0.0044(3) 0.5511(12) 0.3756(2) 0.0476(15) Uani 1 1 d . . .  
C12 C 0.0987(3) 0.2877(13) 0.4052(3) 0.0548(17) Uani 1 1 d . . .  



C13 C 0.0760(3) 0.1924(12) 0.3527(2) 0.0545(17) Uani 1 1 d . . .  
O1 O -0.2501(3) 1.2654(11) 0.3004(2) 0.0916(18) Uani 1 1 d . . .  
N1 N 0.2048(3) 0.0968(14) 0.4583(3) 0.091(2) Uani 1 1 d . . .  
N2 N 0.1324(3) -0.1966(13) 0.3049(3) 0.0779(19) Uani 1 1 d . . .  
C18 C -0.2880(4) 0.9354(18) 0.2121(4) 0.107(3) Uani 1 1 d . . .  
H18A H -0.2720 1.0705 0.1874 0.129 Uiso 1 1 calc R . .  
H18B H -0.3269 1.0019 0.2297 0.129 Uiso 1 1 calc R . .  
C19 C -0.3076(5) 0.7007(17) 0.1762(4) 0.124(4) Uani 1 1 d . . .  
H19A H -0.3186 0.5693 0.2039 0.149 Uiso 1 1 calc R . .  
H19B H -0.2664 0.6426 0.1609 0.149 Uiso 1 1 calc R . .  
C24 C -0.2864(4) 1.425(2) 0.4539(4) 0.137(4) Uani 1 1 d . . .  
H24A H -0.2627 1.5890 0.4579 0.164 Uiso 1 1 calc R . .  
H24B H -0.2922 1.3578 0.4923 0.164 Uiso 1 1 calc R . .  
C27 C -0.3567(6) 1.468(4) 0.4207(8) 0.286(12) Uani 1 1 d . . .  
H27A H -0.3814 1.5428 0.4510 0.343 Uiso 1 1 calc R . .  
H27B H -0.3727 1.2904 0.4171 0.343 Uiso 1 1 calc R . .  
C32 C -0.3918(11) 1.588(5) 0.3689(6) 0.346(17) Uani 1 1 d . . .  
H32A H -0.3529 1.5964 0.3464 0.415 Uiso 1 1 calc R . .  
H32B H -0.3942 1.7613 0.3850 0.415 Uiso 1 1 calc R . .  
C23 C -0.3641(5) 0.668(3) 0.1228(5) 0.234(10) Uani 1 1 d . . .  
H23A H -0.3458 0.7971 0.0978 0.281 Uiso 1 1 calc R . .  
H23B H -0.3992 0.7623 0.1405 0.281 Uiso 1 1 calc R . .  
C21 C -0.4139(8) 0.521(2) 0.0713(7) 0.290(11) Uani 1 1 d . . .  
H21A H -0.4415 0.6483 0.0509 0.435 Uiso 1 1 calc R . .  
H21B H -0.4416 0.3957 0.0888 0.435 Uiso 1 1 calc R . .  
H21C H -0.3869 0.4338 0.0447 0.435 Uiso 1 1 calc R . .  
C20 C -0.4459(6) 1.638(4) 0.3153(8) 0.283(11) Uani 1 1 d . . .  
H20A H -0.4243 1.7171 0.2842 0.425 Uiso 1 1 calc R . .  
H20B H -0.4803 1.7514 0.3273 0.425 Uiso 1 1 calc R . .  
H20C H -0.4653 1.4751 0.3026 0.425 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
S1 0.0730(12) 0.0615(12) 0.0435(9) -0.0061(8) -0.0012(8) 0.0097(10)  
S2 0.0665(11) 0.0602(11) 0.0414(9) -0.0052(8) -0.0016(8) 0.0043(10)  
S3 0.0700(11) 0.0652(12) 0.0444(9) -0.0056(8) -0.0010(8) 0.0093(10)  
S4 0.0715(12) 0.0674(13) 0.0450(10) -0.0097(9) -0.0059(8) 0.0083(10)  
C1 0.059(4) 0.052(4) 0.049(4) -0.009(3) 0.004(3) -0.002(3)  
C2 0.071(5) 0.068(5) 0.052(4) -0.002(4) 0.006(4) 0.009(4)  
C3 0.054(4) 0.057(4) 0.044(4) -0.002(3) -0.001(3) 0.005(3)  



O3 0.091(4) 0.073(3) 0.068(3) -0.010(3) -0.037(3) 0.008(3)  
C5 0.073(5) 0.065(5) 0.042(4) 0.011(4) 0.007(3) 0.001(4)  
O2 0.087(3) 0.073(4) 0.072(3) -0.025(3) 0.006(3) -0.003(3)  
C7 0.071(4) 0.056(4) 0.037(3) 0.001(3) 0.008(3) -0.011(4)  
C8 0.065(5) 0.086(6) 0.053(4) 0.005(4) -0.005(4) -0.010(5)  
C9 0.065(5) 0.065(5) 0.040(4) -0.002(4) -0.007(3) 0.012(4)  
O4 0.068(3) 0.114(5) 0.081(3) -0.034(3) -0.003(3) 0.015(3)  
C11 0.052(4) 0.050(4) 0.040(3) 0.005(3) -0.003(3) 0.004(3)  
C12 0.057(4) 0.061(4) 0.046(4) 0.009(3) 0.007(3) 0.007(4)  
C13 0.075(4) 0.050(4) 0.039(4) 0.002(3) 0.011(3) 0.004(4)  
O1 0.106(4) 0.084(4) 0.083(4) -0.007(3) -0.008(3) 0.028(4)  
N1 0.095(5) 0.105(6) 0.071(4) -0.006(4) -0.002(4) 0.034(5)  
N2 0.093(5) 0.073(5) 0.069(4) -0.006(4) 0.013(3) 0.013(4)  
C18 0.115(7) 0.099(7) 0.102(7) 0.011(6) -0.034(5) 0.016(6)  
C19 0.162(9) 0.072(6) 0.139(9) -0.040(6) 0.007(7) 0.010(7)  
C24 0.112(7) 0.192(11) 0.111(7) -0.095(8) 0.041(6) 0.007(8)  
C27 0.106(9) 0.37(3) 0.39(3) -0.21(2) 0.048(13) 0.108(13)  
C32 0.62(5) 0.34(3) 0.079(10) -0.054(15) 0.052(16) -0.01(3)  
C23 0.088(7) 0.46(3) 0.152(11) 0.172(14) 0.001(7) 0.120(12)  
C21 0.39(2) 0.120(10) 0.40(3) -0.138(14) 0.261(19) -0.123(14)  
C20 0.126(11) 0.39(3) 0.33(2) -0.08(3) -0.007(13) 0.045(15)  
  
_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  
S1 C13 1.716(6) . ?  
S1 C11 1.767(6) . ?  
S2 C3 1.739(6) . ?  
S2 C7 1.769(6) . ?  
S3 C12 1.728(6) . ?  
S3 C11 1.747(6) . ?  
S4 C1 1.744(6) . ?  
S4 C7 1.764(6) . ?  



C1 C3 1.350(8) . ?  
C1 C8 1.525(9) . ?  
C2 N1 1.155(8) . ?  
C2 C12 1.421(9) . ?  
C3 C9 1.499(9) . ?  
O3 C8 1.341(8) . ?  
O3 C18 1.493(8) . ?  
C5 N2 1.138(8) . ?  
C5 C13 1.449(9) . ?  
O2 C9 1.188(7) . ?  
C7 C11 1.331(8) . ?  
C8 O1 1.212(8) . ?  
C9 O4 1.325(7) . ?  
O4 C24 1.480(9) . ?  
C12 C13 1.361(8) . ?  
C18 C19 1.502(11) . ?  
C19 C23 1.626(13) . ?  
C24 C27 1.572(15) . ?  
C27 C32 1.48(2) . ?  
C32 C20 1.609(19) . ?  
C23 C21 1.681(17) . ?  
  
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  
C13 S1 C11 93.2(3) . . ?  
C3 S2 C7 95.8(3) . . ?  
C12 S3 C11 93.2(3) . . ?  
C1 S4 C7 95.6(3) . . ?  
C3 C1 C8 126.8(6) . . ?  
C3 C1 S4 117.7(5) . . ?  
C8 C1 S4 115.4(5) . . ?  
N1 C2 C12 176.6(8) . . ?  
C1 C3 C9 129.6(6) . . ?  
C1 C3 S2 117.2(5) . . ?  
C9 C3 S2 113.2(4) . . ?  
C8 O3 C18 115.3(6) . . ?  
N2 C5 C13 178.9(7) . . ?  
C11 C7 S2 124.6(5) . . ?  
C11 C7 S4 121.8(5) . . ?  
S2 C7 S4 113.6(4) . . ?  



O1 C8 O3 126.5(7) . . ?  
O1 C8 C1 125.7(7) . . ?  
O3 C8 C1 107.7(7) . . ?  
O2 C9 O4 125.6(7) . . ?  
O2 C9 C3 121.4(6) . . ?  
O4 C9 C3 113.0(6) . . ?  
C9 O4 C24 117.7(6) . . ?  
C7 C11 S3 123.1(5) . . ?  
C7 C11 S1 119.9(4) . . ?  
S3 C11 S1 116.9(4) . . ?  
C13 C12 C2 121.7(6) . . ?  
C13 C12 S3 118.4(5) . . ?  
C2 C12 S3 119.9(5) . . ?  
C12 C13 C5 122.4(6) . . ?  
C12 C13 S1 118.3(5) . . ?  
C5 C13 S1 119.3(5) . . ?  
O3 C18 C19 111.4(7) . . ?  
C18 C19 C23 130.1(10) . . ?  
O4 C24 C27 109.5(7) . . ?  
C24 C27 C32 144.4(19) . . ?  
C27 C32 C20 161(2) . . ?  
C19 C23 C21 158.9(13) . . ?  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    0.952  
_refine_diff_density_min   -0.672  
_refine_diff_density_rms    0.086  



2. 1H NMR spectrum of compound 5 

 

Fig. S2. 1H NMR spectrum of compound 5 



3. MALDI-TOF-MS spectrum of 5 

 
Fig. S3. MALDI-TOF-MS spectrum of 5 



4. ESR spectrum of the complex of 4 with F4TCNQ in CH2Cl2 at 25 °C 
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Fig. S4. ESR spectrum of the complex of 4 with F4TCNQ in CH2Cl2 at 25 °C 
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