
 1

Supporting Information 

 

 

Structural Control of the Electronic Properties of Photo-actuators based on 

Azobenzene-Derivatized π-Conjugated Oligothiophenes   

 

Bruno Jousselme,† Philippe Blanchard,† Magali Allain,‡ Eric Levillain,† Marylène Dias† and 

Jean Roncali†* 

 
 
Synthesis 
 

2,2’-Bi(3-methoxythiophene) 1a. 11.4 mL of n-BuLi (2.5 M in hexane) is added to a solution 

of 3-methoxythiophene (3g, 26.3 mmol) in anhydrous THF at -40°C under nitrogen. After 1 h 

stirring, CuCl2 (3.53 g , 1eq) is added in one portion. The mixture is allowed to warm to room 

temperature stirred for 12 h and then poured into water to give a green precipitate. The solid is 

filtrated washed with pentane and dissolved in methylene chloride. After filtration on silica 

gel solvent evaporation gives 1g (34%) of a white solid. M.p. 127-129°C, 1H NMR (CDCl3) 

7.11, d, 2H, 3J=5.5 Hz); 6.87, d, 2H, J3 = 5.5 Hz); 3.95 (s, 6H). 13C NMR (CDCl3) 152.9, 

122.0,  115.8,  113.8, 58.9. MS IE 226 [M.+] 

. 

5,5'-Bis(tributylstannyl)-2,2'-bis(3-methoxythiophene) (2a). A solution of n-BuLi 2.5 M in 

hexane (2.6 mL, 2.08 eq.) was added dropwise to a solution of 2,2'-bis(3-methoxythiophene)  

(1a) (700 mg, 2.8 mmol) in anhydrous THF (20 mL) under N2 at room temperature. After 30 

min of stirring, Bu3SnCl (1.85 mL, 1.05 eq.) was slowly added. The reaction mixture was 

stirred for 1 h at room temperature. After dilution with CH2Cl2 (60 mL), the organic phase 

was successively washed with a satured aqueous solution of NH4Cl and water, dried over 

Na2SO4 and evaporated in vacuo. The colorless oil was directly used in the following step 

without further purification. 

 

5,5’-Bis(tributylstannyl)-2,2’-bis(3,4-ethylenedioxythiophene) (2b). A solution of n-BuLi 

2.5 M in hexane (2.4 mL, 2.08 eq.) was added dropwise to a solution of 2,2’-bis(3,4-

ethylenedioxythiophene)  (2a) (800 mg, 2.8 mmol) in anhydrous THF (20 mL) under N2 at 

room temperature. After 30 min of stirring, Bu3SnCl (8.5 mL, 1.05 eq.) was slowly added. 

The reaction mixture was stirred for 1 h at room temperature. After dilution with CH2Cl2 (60 
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mL), the organic phase was successively washed with a satured aqueous solution of NH4Cl 

and water, dried over Na2SO4 and evaporated in vacuo. The colorless oil was directly used in 

the following step without further purification. 

 

3,3’’’-Bis[3-(2-cyanoethylsulfanyl)]-3’,4’:3’’,4’’-bis(ethylenedioxy)-2,2’:5’,2’’:5’’,2’’’-

quaterthiophene (4b). A mixture of 2-Bromo-3-(2-cyanoethylsulfanyl)thiophene 3 (1.55 g, 

2.2 eq.), 2b (2.84 g , 2.8 mmol) and Pd(PPh3)4 (470 mg, 0.05 eq.) in anhydrous toluene (50 

mL) was refluxed overnight under a N2 atmosphere. The mixture was cooled to room 

temperature and the formed precipitate was filtered and washed several times with petroleum 

ether. The obtained solid was dissolved in CH2Cl2 and filtered through silica gel. Solvent 

removal gave 800 mg, (46%) of an orange solid. m.p. > 250°C, UV/Vis (CH2Cl2) : λ = 464 

(log ε = 4.43), λ = 436 (log ε = 4.57), λ = 413 (log ε = 4.46). IR (KBr): ν~ = 2250 cm-1 (CN). 
1H NMR (DMSO) : δ = 2.71 (t, 4H, 3J = 6.8 Hz), 3.14 (t, 4H, 3J = 6.8 Hz), 4.41 (s, 8H), 7.17 

(d, 2H, 3J = 5.4 Hz), 7.60 (d, 2H, 3J = 5.4 Hz). MS (70 eV, EI) m/z (I%) : 616 (M+ , 100). 

 

4’,3’’-Dimethoxy-3,3’’’-bis[3-(2-cyanoethylsulfanyl)]-2,2’:5’,2’’:5’’,2’’’-quaterthiophene 

(4a). This compound was prepared using the procedure already described for 4b from 2-

bromo-3-(2-cyanoethylsulfanyl)thiophene 3 (1.69 g, 2.2 eq.), 2a (2.84 g, 3.1 mmol) and 

Pd(PPh3)4 (475 mg, 0.05 eq.) in anhydrous toluene (50 mL). Chromatography on silica gel 

(CH2Cl2) gave 4a as an orange solid (600 mg, 49%). m.p. 163-165 °C. UV/Vis (CH2Cl2) : λ = 

404 (log ε = 4.24). IR (KBr): ν~ = 2254 and 2234 cm-1 (CN). 1H NMR (DMSO) : δ = 2.75 (t, 

4H, 3J = 6.8 Hz), 3.21 (t, 4H, 3J = 6.8 Hz), 3.97 (s, 6H), 7.24 (d, 2H, 3J = 5.3 Hz), 7.36 (s, 

2H), 7.61 (d, 2H, 3J = 5.3 Hz). 13C NMR (DMSO) : δ = 17.9, 30.4, 59.0, 113.2, 114.9, 118.9, 

125.1, 125.4, 130.5, 131.8, 135.2, 152.4. MS (70 eV, EI) m/z (I%) : 560 (M+ , 6), 336 (95); 

228 (100); 196 (62). 

 

3,3’’’-Dihexylsulfanyl-3’,4’:3’’,4’’-bis(ethylenedioxy)-2,2’:5’,2’’:5’’,2’’’-quaterthiophene 

(4ET). Under inert atmosphere a solution of cesium hydroxide (115 mg, 2.1 eq.) in 5 mL of 

degassed methanol was added dropwise to a solution of 4b (200 mg, 0.32 mmol.) in 60 mL of 

degassed DMF. The mixture was stirred 1 h at room temperature and 1-bromohexane (210 

mg, 4 eq.) was added. After 1 h of stirring at room temperature and solvent removal, the 

residue was dissolved in methylene chloride. The solution was washed with water, dried over 

Na2SO4 and concentrated. Chromatography on silica gel (8:2 CH2Cl2/petroleum ether) gave a 
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red-orange solid (115 mg, 53%). m.p. = 118-120 °C. UV/Vis (CH2Cl2) : λ = 460 nm (log ε = 

4.50), λ = 433 nm (log ε = 4.65), λ = 411 nm (log ε = 4.55). 1H NMR (CDCl3) : δ = 0.86 (t, 

6H, 3J=7.0Hz), 1.26 (m, 8H), 1.40 (qu, 4H, 3J = 7.4 Hz), 1.61 (qu, 4H, 3J = 7.4 Hz), 2.83 (t, 

4H, 3J = 7.4 Hz), 4.40 (s, 8H), . 7.02 (d, 2H, 3J = 5.3 Hz), 7.21 (d, 2H, 3J = 5.3 Hz). 13C NMR 

(CDCl3) : δ = 14.0, 22.5, 28.4, 29.5, 32.4, 36.9, 64.9, 65.0, 109.6, 110.1, 123.5, 126.9, 132.0, 

134.1, 136.8, 138.6. HRMS (ESI) : calcd for C32H38O4S6 678.1094, found 678.1095. Anal. 

(calcd) C 56. 90 (56.60) H 5.89 (5.64), S 28.44 (28.33). 

 

 

4’,3’’-Dimethoxy-3,3’’’-dihexylsulfanyl-2,2’:5’,2’’:5’’,2’’’-quaterthiophene (4MT). This 

compound was prepared using the procedure already described for 4ET from 4a (200 mg, 

0.35mmol), CsOH (126 mg, 2.1 eq.) and 1-bromohexane (230 mg, 4 eq.). Chromatography on 

silica gel (7:3 CH2Cl2/PE) gave 4MT as a red-orange solid (132 mg; 60%). m.p. = 60-62 °C. 

UV/Vis (CH2Cl2) : λ = 436 nm (log ε = 4.64). 1H NMR (CDCl3) : δ = 0.86 (t, 6H, 3J=7.0Hz), 

1.26 (m, 8H), 1.40 (qu, 4H, 3J = 7.4 Hz), 1.59 (qu, 4H, 3J = 7.4 Hz), 2.86 (t, 4H, 3J = 7.4 Hz), 

4.01 (s, 6H), 7.03 (d, 2H, 3J = 5.3 Hz), 7.15 (d, 2H, 3J = 5.3 Hz), 7.22 (s, 2H). 13C NMR 

(CDCl3) : δ = 14.0, 22.5, 28.4, 29.6, 31.4, 36.1, 59.1, 114.6, 114.9, 122.8, 127.8, 131.7, 132.3, 

136.1, 152.7. HRMS (ESI) : calcd for C30H38O2S6 622.1196, found 622.1195. Anal. (calcd) C 

57.56 (57.83) H 5.94 (6.15), S 28.38 (30.88). 

 

 

3,3’’’-[Trans-1,1’-azobis(4-benzylsulfandiyl)]-3’,4’:3’’,4’’-bis(ethylenedioxy)-

2,2’:5’,2’’:5’’,2’’’-quaterthiophene (4ETZ). A solution of CsOH.H2O (172 mg, 2.2 eq.) in 

degassed MeOH is added dropwise to a solution of quaterthiophene 4b (300 mg, 0.5 mmol) in 

degassed DMF under nitrogen atmosphere. After 30 min stirring, this solution and a solution 

of dibromomethylazobenzene 5 (200 mg, 1 eq) in 25 mL of degassed DMF are added 

simultaneously at room temperature to 100 mL of anhydrous degassed DMF over ca 6h using 

perfusor pumps. After 10 h of stirring the reaction mixture was concentrated in vacuo the 

residue was dissolved in methylene chloride, the solution was washed with water and dried 

over MgSO4. After solvent evaporation and chromatography on silica gel (7:3 

CH2Cl2/petroleum ether), the product was dissolved in CH2Cl2 and precipitated by addition of 

pentane to give  (60 mg; 17%) of an orange solid. m.p. > 250°C, UV/Vis (CH2Cl2) : λ = 472 

(log ε = 4.30) λ = 443 (log ε = 4.24), λ = 364 (log ε = 4.13). 1H NMR (CDCl3) : δ  = 3.82 (s, 
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4H), 4.35 (s, 8H), 6.88 (br. d, 4H, 3J = 6.2Hz), 7.14 (d, 2H, 3J = 5.2Hz), 7.27 (d, 2H, 3J = 5.2 

Hz), 7.55 (d, 4H, 3J = 8.4 Hz). 13C NMR (CDCl3) : δ = 44.1, 64.6, 64.8, 109.5, 109.6, 123.0, 

123.5, 124.0, 128.5, 135.1, 136.0, 137.4, 140.3, 142.1, 151.8. HRMS (ESI) : calcd for 

C34H24O4N2S6 716.0060, found 716.0085. Anal. (calcd) C 56.93 (56.96) H 3.42 (3.37), S 

27.72 (26.83), N 3.86 (3.91). 

 

4’,3’’-Dimethoxy-3,3’’’-[trans-1,1’-azobis(4-benzylsulfandiyl)]-2,2’:5’,2’’:5’’,2’’’-

quaterthiophene (4MTZ). This compound was prepared using the procedure already 

described for 4ETZ from 4a (250 mg, 0.45mmol), CsOH (156 mg, 2.2 eq.) and 5 (164 mg, 1 

eq.). Chromatography on silica gel (CH2Cl2) and recrystallisation from CHCl3 gave 4MTZ as 

a red-orange solid (55 mg, 19%). m.p. > 250 °C. UV/Vis (CH2Cl2) : λ = 450 nm (log ε = 

4.34), λ = 368 nm (log ε = 4.49), λ = 354 nm (log ε = 4.50). 1H NMR (CDCl3) : δ = 3.80 (s, 

4H), 3.87 (s, 6H), 6.80 (br. s, 4H), 7.21-7.16 (m, 6H), 7.55 (d, 4H, 3J = 8.4 Hz). 13C NMR 

(CDCl3) : δ = 43.3, 58.9, 113.3, 114.3, 122.7, 123.0, 123.3, 128.8, 130.7, 136.4, 141.0, 143.1, 

151.0, 152.2. HRMS (ESI) : calcd for C34H24O4N2S6 660.0162, found 660.0138. Anal. (calcd) 

C 57. 66 (58.15) H 3.88 (3.66), S 28.96 (29.11), N 4.03 (4.24). 

 

General 

 

NMR spectra were recorded with a Bruker AVANCE DRX 500 (1H, 500.13 MHz and 13C, 

125.75 MHz). Chemical shifts are given in ppm relative to TMS. IR spectra were recorded 

with a Perkin Elmer 841 spectrophotometer and UV-Vis spectra with a Perkin Elmer Lambda 

2 spectrometer. Melting points are uncorrected.  

Mass Spectrometry analyses were performed on a JMS-700 (JEOL LTD, Akishima, 

Tokyo, Japan) double focusing mass spectrometer with reversed geometry, equipped with a 

pneumatically assisted electrospray ionization (ESI) source. Nitrogen was used as the 

nebulizer gas. The sample diluted in a chloroform solution or in a CHCl3/CH3CN (70/30) 

mixture, was introduced into the ESI interface via a syringe pump (PHD 2000 infusion; 

Harvard Apparatus, Holliston, MA, USA) at a 40 µL.mn-1 flow rate. A 5 kV acceleration 

voltage was applied and the elemental composition of ions were checked by high-resolution 

measurements using an electric-field scan with a mixture of PEGs as internal standard with 

nominal molecular weights centered around 1000. 
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X-ray data collection was performed at 294K on an Enraf-Nonius MACH3 four circles 

diffractometer equipped with a graphite monochromator utilizing MoKα radiation (λ = 

0.71073Å). The structures were solved by direct methods (SIR) and refined on F by full 

matrix least-squares techniques using MolEN package programs. For the two compounds, 

absorption was corrected by DIFABS and the H atoms were included in the calculation 

without refinement.  

Irradiation was performed with a 150 W high pressure Xenon lamp using band pass filters. 

The incident power light was 0.64 mW cm-2 at 360 nm and 1.52 mW cm-2 at 480 nm. 

HPLC experiments were performed on a Waters apparatus equipped with a Photodiode Array 

Detector using a Merck Lichrospher® 60 RP-Select B (5µm) column and an acetonitrile: 

water linear gradient (0% to 100% CH3CN over 15 min) as eluent. 

Cyclic voltammetry was performed in dichloromethane  purchased from SDS (HPLC 

grade). Tetrabutylammonium perchlorate  (0.1 M as supporting electrolyte) was purchased 

from Fluka (Fluka puriss) and used without purification. Solutions were deaerated by nitrogen 

bubbling prior to each experiment which was run under a nitrogen atmosphere. Experiments 

were done in a one-compartment cell equipped with a platinum working microelectrode (∅ = 

1 mm) and a platinum wire counter electrode. An Ag/AgCl electrode checked against the 

ferrocene/ferricinium couple (Fc/Fc+) before and after each experiment was used as reference. 

The reference electrode was equipped with a non aqueous double bridge in order to avoid 

possible interference with metal cations. Electrochemical experiments were carried out with a 

PAR 273 potentiostat with positive feedback compensation. 
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Crystallographic  Experimental Section 
 
Data collection was performed at 294K on an Enraf-Nonius MACH3 four circles diffractometer 
equipped with a graphite monochromator utilizing MoKα radiation (λ = 0.71073Å). The structure was 
solved by direct methods (SIR) and refined on F by full matrix least-squares techniques using MolEN 
package programs. Absorption was corrected by psi-scan technique and the H atoms were included in 
the calculation without refinement.  
Anisotropic temperature factors were used for the N, O and S atoms and isotropic ones for the C 
atoms. 
The crystallographic details of 4ETZ are summarized in Table 1. 
 
 
 
Table 1 : X-ray experimental data for 4ETZ 
 
 
Formula               : C34 H24 N2 O4 S6 
Molecular weight      : 716.97 
Crystal system        : monoclinic 
Space group           : C 1 2/c 1 
a(A)                  : 33.46(1) 
b(A)                  : 8.032(2) 
c(A)                  : 48.84(1) 
a(deg)                : 90 
b(deg)                : 103.43(3) 
g(deg)                : 90 
V(A3)                 : 12769(7) 
Z                     : 16 
Color                 : red 
Crystal dim(mm)       : 0.71*0.26*0.11 
Dcalc(gcm-3)          : 1.49 
F000                  : 5920 
m(mm-1)               : 0.472 
Trans. min and max    : 0.6685/1.0000 
Temperature(K)        : 294 
Wavelength(A)         : 0.71073 
Radiation             : MoKa graphite monochromated 
Diffractometer        : Enraf_Nonius_CAD4 
Scan mode             : W 
hkl limits            : -39,38/-9,0/-33,58 
Theta limits(deg)     : 2.5/24.98 
Number of unique data : 11235 
Number of data with   : 4287 
I > 3 s(I) 
Weighting scheme      : 4Fo2/(s2(Fo2) + 0.0064 Fo4) 
 
Number of variables   : 489 
R                     : 0.107 
Rw                    : 0.159 
GOF                   : 1.376 
Largest peak in final : 0.716 
difference (eA-3) 
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     Table of Positional Parameters and Their E.S.D. 
    ----------------------------------------------- 
     Atom      x           y            z          Ueqv 
    ----      -           -            -          ---- 
     S1    0.4835(1)    1.2812(7)    0.00969(9)   0.054(3)    
     S2    0.4565(1)    1.0331(6)    0.08369(8)   0.039(2)    
     S3    0.5529(1)    0.8024(6)    0.14993(8)   0.045(2)    
     S4    0.5279(2)    0.5857(8)    0.2267(1)    0.076(3)    
     S5    0.3753(1)    1.1558(7)    0.0377(1)    0.058(3)    
     S6    0.6332(2)    0.6274(7)    0.1915(1)    0.058(3)    
     S7    0.1762(1)    0.7841(6)    0.0771(1)    0.052(3)    
     S8    0.2942(1)    0.5350(6)    0.11187(8)   0.044(2)    
     S9    0.3226(1)    0.3142(6)    0.19718(8)   0.045(2)    
     S10   0.4422(2)    0.0917(8)    0.2371(1)    0.071(3)    
     S11   0.2768(1)    0.6194(7)    0.04376(9)   0.062(3)    
     S12   0.3254(2)    0.1457(7)    0.25842(9)   0.060(3)    
     O1    0.5458(3)    1.110(2)     0.0466(2)    0.055(7)    
     O2    0.5730(3)    0.932(2)     0.0996(2)    0.055(7)    
     O3    0.4344(3)    0.858(1)     0.1309(2)    0.051(6)    
     O4    0.4616(4)    0.675(2)     0.1825(2)    0.065(7)    
     O5    0.1872(3)    0.605(2)     0.1277(2)    0.054(7)    
     O6    0.2433(3)    0.443(2)     0.1733(2)    0.055(7)    
     O7    0.3732(3)    0.360(1)     0.1339(2)    0.054(6)    
     O8    0.4256(4)    0.183(2)     0.1797(2)    0.066(8)    
     N1    0.4752(4)    0.502(2)     0.0828(3)    0.060(9)    
     N2    0.5108(4)    0.513(2)     0.0781(3)    0.053(9)    
     N3    0.2381(5)    0.064(2)     0.1197(3)    0.07(1)     
     N4    0.2686(4)    -0.017(2)    0.1325(3)    0.048(9)    
     C1    0.4394(5)    1.353(2)     -0.0131(4)   0.059(5)  * 
     C2    0.4064(5)    1.309(2)     -0.0038(4)   0.058(5)  * 
     C3    0.4144(5)    1.221(2)     0.0217(3)    0.045(4)  * 
     C4    0.4558(5)    1.193(2)     0.0322(3)    0.039(4)  * 
     C5    0.4786(5)    1.101(2)     0.0572(3)    0.041(4)  * 
     C6    0.5194(5)    1.069(2)     0.0636(3)    0.039(4)  * 
     C7    0.5326(4)    0.981(2)     0.0896(3)    0.037(4)  * 
     C8    0.5026(4)    0.948(2)     0.1028(3)    0.027(3)  * 
     C9    0.5049(5)    0.867(2)     0.1288(3)    0.043(4)  * 
     C10   0.4749(5)    0.822(2)     0.1418(3)    0.040(4)  * 
     C11   0.4888(5)    0.735(2)     0.1674(3)    0.045(5)  * 
     C12   0.5290(5)    0.712(2)     0.1747(3)    0.044(4)  * 
     C13   0.5534(5)    0.631(2)     0.2008(3)    0.049(5)  * 
     C14   0.5957(5)    0.599(2)     0.2101(4)    0.056(5)  * 
     C15   0.6048(6)    0.541(3)     0.2386(4)    0.062(5)  * 
     C16   0.5723(6)    0.533(3)     0.2498(4)    0.078(6)  * 
     C17   0.3602(6)    0.956(3)     0.0195(4)    0.064(6)  * 
     C18   0.3873(5)    0.815(2)     0.0324(3)    0.052(5)  * 
     C19   0.3795(6)    0.736(3)     0.0548(4)    0.073(6)  * 
     C20   0.4075(6)    0.609(3)     0.0701(4)    0.067(6)  * 
     C21   0.4456(5)    0.597(2)     0.0626(3)    0.049(5)  * 
     C22   0.4516(5)    0.674(2)     0.0391(4)    0.058(5)  * 
     C23   0.4237(5)    0.783(2)     0.0236(4)    0.056(5)  * 
     C24   0.5409(5)    0.455(2)     0.1012(3)    0.042(4)  * 
     C25   0.5324(5)    0.374(2)     0.1244(4)    0.056(5)  * 
     C26   0.5651(5)    0.344(2)     0.1482(4)    0.057(5)  * 
     C27   0.6034(5)    0.406(2)     0.1492(3)    0.051(5)  * 
     C28   0.6120(5)    0.472(2)     0.1248(3)    0.053(5)  * 
     C29   0.5799(5)    0.490(2)     0.1011(4)    0.059(5)  * 
     C30   0.6340(5)    0.417(2)     0.1759(4)    0.056(5)  * 
     C31   0.5830(7)    1.028(3)     0.0565(4)    0.082(7)  * 
     C32   0.5968(7)    0.991(3)     0.0833(5)    0.099(8)  * 
     C33   0.4069(6)    0.761(3)     0.1431(4)    0.079(7)  * 
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     C34   0.4212(6)    0.749(3)     0.1741(4)    0.070(6)  * 
     C35   0.1712(6)    0.841(3)     0.0434(4)    0.067(6)  * 
     C36   0.2023(5)    0.794(2)     0.0330(3)    0.049(5)  * 
     C37   0.2323(5)    0.701(2)     0.0526(3)    0.053(5)  * 
     C38   0.2232(5)    0.687(2)     0.0786(3)    0.041(4)  * 
     C39   0.2436(5)    0.611(2)     0.1045(3)    0.042(4)  * 
     C40   0.2279(4)    0.569(2)     0.1277(3)    0.035(4)  * 
 
     Table of Positional Parameters and Their E.S.D. (cont.) – 4ETZ 
    ------------------------------------------------------- 
     Atom      x           y            z          Ueqv 
    ----      -           -            -          ---- 
     C41   0.2533(4)    0.493(2)     0.1491(3)    0.030(4)  * 
     C42   0.2922(4)    0.461(2)     0.1446(3)    0.036(4)  * 
     C43   0.3256(5)    0.384(2)     0.1635(3)    0.044(4)  * 
     C44   0.3633(5)    0.331(2)     0.1586(3)    0.046(5)  * 
     C45   0.3878(5)    0.243(2)     0.1811(3)    0.046(5)  * 
     C46   0.3716(4)    0.220(2)     0.2040(3)    0.033(4)  * 
     C47   0.3904(5)    0.148(2)     0.2310(3)    0.049(5)  * 
     C48   0.3762(5)    0.104(2)     0.2546(3)    0.049(5)  * 
     C49   0.4058(6)    0.043(3)     0.2771(4)    0.075(6)  * 
     C50   0.4426(7)    0.037(3)     0.2705(5)    0.089(7)  * 
     C51   0.2563(6)    0.433(3)     0.0245(4)    0.072(6)  * 
     C52   0.2464(5)    0.309(2)     0.0451(3)    0.047(5)  * 
     C53   0.2107(6)    0.309(3)     0.0547(4)    0.062(5)  * 
     C54   0.2076(5)    0.214(2)     0.0785(3)    0.048(5)  * 
     C55   0.2403(5)    0.127(2)     0.0925(4)    0.056(5)  * 
     C56   0.2761(6)    0.105(3)     0.0826(4)    0.069(6)  * 
     C57   0.2781(6)    0.211(3)     0.0590(4)    0.069(6)  * 
     C58   0.2698(5)    -0.046(2)    0.1607(3)    0.048(5)  * 
     C59   0.2423(5)    0.014(2)     0.1748(4)    0.056(5)  * 
     C60   0.2513(6)    -0.003(3)    0.2036(4)    0.066(6)  * 
     C61   0.2872(5)    -0.083(2)    0.2189(3)    0.051(5)  * 
     C62   0.3122(6)    -0.158(3)    0.2042(4)    0.072(6)  * 
     C63   0.3048(6)    -0.141(3)    0.1745(4)    0.072(6)  * 
     C64   0.2988(6)    -0.056(3)    0.2500(4)    0.069(6)  * 
     C65   0.1746(6)    0.529(3)     0.1490(4)    0.075(6)  * 
     C66   0.2049(6)    0.517(3)     0.1748(4)    0.075(6)  * 
     C67   0.4061(6)    0.257(3)     0.1305(4)    0.077(6)  * 
     C68   0.4400(6)    0.253(2)     0.1565(4)    0.061(5)  * 
     H1    0.4387       1.4152       -0.0298      0.0771    * 
     H2    0.3793       1.3352       -0.0138      0.0760    * 
     H3    0.6317       0.5116       0.2486       0.0807    * 
     H4    0.5737       0.5009       0.2687       0.1008    * 
     H5    0.3554       0.7638       0.0609       0.0951    * 
     H6    0.4004       0.5398       0.0840       0.0868    * 
     H7    0.4762       0.6515       0.0332       0.0751    * 
     H8    0.4288       0.8351       0.0073       0.0729    * 
     H9    0.5053       0.3388       0.1242       0.0731    * 
     H10   0.5603       0.2814       0.1636       0.0743    * 
     H11   0.6391       0.5049       0.1244       0.0688    * 
     H12   0.5860       0.5283       0.0841       0.0762    * 
     H13   0.3617       0.9667       0.0004       0.0833    * 
     H14   0.3327       0.9309       0.0203       0.0833    * 
     H15   0.6280       0.3358       0.1885       0.0727    * 
     H16   0.6604       0.3958       0.1726       0.0727    * 
     H17   0.6034       1.0954       0.0515       0.1062    * 
     H18   0.5809       0.9254       0.0466       0.1062    * 
     H19   0.6176       0.9096       0.0838       0.1292    * 
     H20   0.6088       1.0901       0.0920       0.1292    * 
     H21   0.4053       0.6515       0.1354       0.1026    * 
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     H22   0.3805       0.8105       0.1386       0.1026    * 
     H23   0.4221       0.8583       0.1818       0.0913    * 
     H24   0.4023       0.6835       0.1812       0.0913    * 
     H25   0.1482       0.9005       0.0329       0.0868    * 
     H26   0.2046       0.8201       0.0145       0.0642    * 
     H27   0.4007       0.0105       0.2947       0.0981    * 
     H28   0.4669       0.0045       0.2836       0.1159    * 
     H29   0.1878       0.3727       0.0452       0.0812    * 
     H30   0.1827       0.2124       0.0846       0.0622    * 
     H31   0.2971       0.0286       0.0906       0.0898    * 
     H32   0.3029       0.2130       0.0528       0.0891    * 
     H33   0.2176       0.0664       0.1651       0.0731    * 
     H34   0.2326       0.0417       0.2137       0.0862    * 
     H35   0.3349       -0.2217      0.2139       0.0939    * 
     H36   0.3225       -0.1913      0.1641       0.0936    * 
     H37   0.2762       0.3869       0.0156       0.0936    * 
     Table of Positional Parameters (cont.) – 4ETZ 
    -------------------------------------- 
     Atom     x            y            z          Ueqv 
    ----     -            -            -          ---- 
     H38   0.2321       0.4592       0.0108       0.0936    * 
     H39   0.2746       -0.0568      0.2572       0.0892    * 
     H40   0.3165       -0.1434      0.2586       0.0892    * 
     H41   0.1660       0.4190       0.1430       0.0980    * 
     H42   0.1519       0.5889       0.1525       0.0980    * 
     H43   0.2104       0.6261       0.1820       0.0972    * 
     H44   0.1937       0.4523       0.1875       0.0972    * 
     H45   0.4166       0.2986       0.1154       0.1004    * 
     H46   0.3962       0.1470       0.1263       0.1004    * 
     H47   0.4620       0.1871       0.1531       0.0794    * 
     H48   0.4495       0.3632       0.1612       0.0794    * 
 
     Anisotropically refined atoms are given in the form 
    of the isotropic equivalent displacement parameter 
    defined as one third of the trace of the orthogonalized 
    Uij tensor. Starred atoms were refined isotropically. 
 
 
 
 
Table of General Displacement Parameter Expressions - U's 
 --------------------------------------------------------- 
 Name   U(1,1)    U(2,2)    U(3,3)    U(1,2)    U(1,3)    U(2,3) 
----   ------    ------    ------    ------    ------    ------ 
 S1    .060(3)   .060(3)   .044(2)   -.009(3)  .007(2)   .016(2)    
 S2    .034(2)   .041(3)   .044(2)   -.003(2)  .009(2)   -.000(2)   
 S3    .041(2)   .057(3)   .038(2)   .003(2)   .008(2)   .004(2)    
 S4    .106(4)   .080(4)   .052(3)   .016(3)   .032(2)   .023(3)    
 S5    .042(2)   .054(3)   .083(3)   .013(3)   .012(2)   .003(3)    
 S6    .057(3)   .059(3)   .058(3)   -.000(3)  -.006(2)  .004(3)    
 S7    .049(3)   .048(3)   .058(3)   -.000(3)  .003(2)   .010(3)    
 S8    .042(2)   .054(3)   .039(2)   -.008(2)  .011(2)   .002(2)    
 S9    .044(2)   .060(3)   .034(2)   .004(2)   .006(2)   .002(2)    
 S10   .062(3)   .075(4)   .078(3)   .011(3)   -.003(3)  .017(3)    
 S11   .057(3)   .083(4)   .049(2)   -.024(3)  .014(2)   .010(3)    
 S12   .072(3)   .070(4)   .043(2)   -.009(3)  .009(2)   -.002(3)   
 O1    .045(6)   .064(8)   .057(6)   .002(6)   .016(5)   .019(7)    
 O2    .038(6)   .081(9)   .054(6)   .012(7)   .016(5)   .025(7)    
 O3    .034(5)   .051(8)   .077(7)   .002(6)   .024(5)   .016(7)    
 O4    .070(7)   .067(9)   .059(6)   -.013(7)  .023(5)   .022(7)    
 O5    .045(6)   .072(9)   .050(6)   -.004(7)  .016(5)   .016(7)    
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 O6    .043(6)   .080(9)   .048(6)   .029(6)   .012(5)   .008(7)    
 O7    .065(6)   .037(7)   .065(6)   .008(6)   .036(5)   .014(6)    
 O8    .069(7)   .056(8)   .073(7)   .017(7)   .027(6)   .019(7)    
 N1    .052(9)   .06(1)    .069(9)   .016(8)   .000(8)   -.003(9)   
 N2    .067(9)   .04(1)    .053(8)   .002(8)   .003(7)   -.011(8)   
 N3    .09(1)    .05(1)    .067(9)   -.034(9)  .010(8)   -.013(8)   
 N4    .067(9)   .025(8)   .065(9)   -.010(8)  -.000(8)  .004(8)    
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Table of Bond Distances in Angstroms 
------------------------------------ 
 Atom 1  Atom 2  Distance    Atom 1  Atom 2  Distance 
======  ======  ========    ======  ======  ======== 
 S1      C1      1.73(2)     O2      C32     1.34(3)     
 S1      C4      1.74(2)     O3      C10     1.37(2)     
 S2      C5      1.72(2)     O3      C33     1.44(3)     
 S2      C8      1.74(1)     O4      C11     1.38(2)     
 S3      C9      1.77(1)     O4      C34     1.45(2)     
 S3      C12     1.75(2)     O5      C40     1.39(2)     
 S4      C13     1.72(2)     O5      C65     1.36(2)     
 S4      C16     1.70(2)     O6      C41     1.36(2)     
 S5      C3      1.75(2)     O6      C66     1.43(2)     
 S5      C17     1.85(2)     O7      C44     1.34(2)     
 S6      C14     1.73(2)     O7      C67     1.42(2)     
 S6      C30     1.86(2)     O8      C45     1.37(2)     
 S7      C35     1.68(2)     O8      C68     1.44(2)     
 S7      C38     1.74(2)     N1      N2      1.27(2)     
 S8      C39     1.76(2)     N1      C21     1.44(2)     
 S8      C42     1.72(2)     N2      C24     1.41(2)     
 S9      C43     1.76(2)     N3      N4      1.25(2)     
 S9      C46     1.77(2)     N3      C55     1.44(2)     
 S10     C47     1.75(2)     N4      C58     1.39(2)     
 S10     C50     1.68(2)     C1      C2      1.34(3)     
 S11     C37     1.77(2)     C2      C3      1.40(2)     
 S11     C51     1.82(2)     C3      C4      1.38(2)     
 S12     C48     1.79(2)     C4      C5      1.48(2)     
 S12     C64     1.85(2)     C5      C6      1.35(2)     
 O1      C6      1.39(2)     C6      C7      1.43(2)     
 O1      C31     1.39(2)     C7      C8      1.34(2)     
 O2      C7      1.39(2)     C8      C9      1.41(2)     
 C9      C10     1.36(2)     C39     C40     1.40(2)     
 C10     C11     1.42(2)     C40     C41     1.33(2)     
 C11     C12     1.32(2)     C41     C42     1.39(2)     
 C12     C13     1.50(2)     C42     C43     1.42(2)     
 C13     C14     1.41(2)     C43     C44     1.40(2)     
 C14     C15     1.43(2)     C44     C45     1.40(2)     
 C15     C16     1.33(3)     C45     C46     1.36(2)     
 C17     C18     1.50(3)     C46     C47     1.44(2)     
 C18     C19     1.34(3)     C47     C48     1.39(3)     
 C18     C23     1.41(3)     C48     C49     1.38(2)     
 C19     C20     1.47(3)     C49     C50     1.34(3)     
 C20     C21     1.41(3)     C51     C52     1.50(3)     
 C21     C22     1.36(3)     C52     C53     1.38(3)     
 C22     C23     1.37(2)     C52     C57     1.37(2)     
 C24     C25     1.39(3)     C53     C54     1.41(3)     
 C24     C29     1.34(2)     C54     C55     1.34(2)     
 C25     C26     1.42(2)     C55     C56     1.40(3)     
 C26     C27     1.36(3)     C56     C57     1.44(3)     
 C27     C28     1.39(3)     C58     C59     1.36(3)     
 C27     C30     1.46(2)     C58     C63     1.43(3)     
 C28     C29     1.39(2)     C59     C60     1.37(3)     
 C31     C32     1.31(3)     C60     C61     1.41(2)     
 C33     C34     1.48(3)     C61     C62     1.36(3)     
 C35     C36     1.31(3)     C61     C64     1.50(2)     
 C36     C37     1.43(2)     C62     C63     1.42(3)     
 C37     C38     1.37(2)     C65     C66     1.43(3)     
 C38     C39     1.43(2)     C67     C68     1.49(2)     
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Table of Bond Angles in Degrees – 4ETZ 
------------------------------- 
 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle 
====  ====  ====  =====       ====  ====  ====  ===== 
C1    S1    C4   92.5(8) C24   C25  C26   118(1)
C5    S2    C8   92.7(7) C25   C26  C27   120(1)
C9    S3    C12  91.6(8) C26   C27  C28   119(1)
C13   S4    C16  91(1) C26   C27  C30   120(1)
C3    S5    C17  101.2(9) C28   C27  C30   119(1)
C14   S6    C30  100.3(9) C27   C28  C29   118(1)
C35   S7    C38  92.6(9) C24   C29  C28   122(1)
C39   S8    C42  93.8(8) S6    C30  C27   110(1)
C43   S9    C46  93.6(7) O1    C31  C32   122(2)
C47   S10   C50  90(1) O2    C32  C31   123(2)
C37   S11   C51  101.3(9) O3    C33  C34   111(1)
C48   S12   C64  103.4(9) O4    C34   C33  112(1)
C6    O1    C31  108(1) S7    C35   C36  113(1)
C7    O2    C32  111(1) C35   C36   C37  112(1)
C10   O3    C33  113(1) S11   C37   C36  122(1)
C11   O4    C34  113(1) S11   C37   C38  124(1)
C40   O5    C65  112(1) C36   C37   C38  112(1)
C41   O6    C66  108(1) S7    C38   C37  108(1)
C44   O7    C67  111(1) S7    C38   C39  117(1)
C45   O8    C68  112(1) C37   C38   C39  133(1)
N2    N1    C21  111(1) S8    C39   C38  124(1)
N1    N2    C24  110(1) S8    C39   C40  105(1)
N4    N3    C55  115(1) C38   C39   C40  129(1)
N3    N4    C58  114(1) O5    C40   C39  120(1)
S1    C1   C2    109(1) O5    C40  C41   122(1)
C1    C2   C3    115(1) C39   C40  C41   117(1)
S5    C3   C2    122(1) O6    C41  C40   125(1)
S5    C3   C4    125(1) O6    C41  C42   120(1)
C2    C3   C4    112(1) C40   C41  C42   113(1)
S1    C4   C3    109(1) S8    C42  C41   108(1)
S1    C4   C5    118(1) S8    C42  C43   124(1)
C3    C4   C5    131(1) C41   C42  C43   126(1)
S2    C5   C4    123(1) S9    C43  C42   122(1)
S2    C5   C6    110(1) S9    C43  C44   108(1)
C4    C5   C6    125(1) C42   C43  C44   128(1)
O1    C6   C5    124(1) O7    C44  C43   121(1)
O1    C6   C7    122(1) O7    C44  C45   124(1)
C5    C6    C7   112(1) C43   C44  C45   113(1)
O2    C7    C6   121(1) O8    C45   C44  120(1)
O2    C7    C8   123(1) O8    C45   C46  122(1)
C6    C7    C8   114(1) C44   C45   C46  116(1)
S2    C8    C7   109(1) S9    C46   C45  108(1)
S2    C8    C9   121(1) S9    C46   C47  122(1)
C7    C8    C9   129(1) C45   C46   C47  129(1)
S3    C9    C8   120(1) S10   C47   C46  117(1)
S3    C9    C10  108(1) S10   C47   C48  108(1)
C8    C9    C10  130(1) C46   C47   C48  134(1)



 15

O3    C10   C9   122(1) S12   C48   C47  123(1)
O3    C10   C11  122(1) S12   C48   C49  120(1)
C9    C10   C11  114(1) C47   C48   C49  115(1)
O4    C11   C10  121(1) C48   C49   C50  110(1)
O4    C11  C12   124(1) S10   C50  C49   114(1)
C10   C11  C12   114(1) S11   C51  C52   108(1)
S3    C12  C11   110(1) C51   C52  C53   124(1)
S3    C12  C13   121(1) C51   C52  C57   116(1)
C11   C12  C13   127(1) C53   C52  C57   117(1)
S4    C13  C12   117(1) C52   C53  C54   120(1)
S4    C13  C14   110(1) C53   C54  C55   119(1)
C12   C13  C14   131(1) N3    C55  C54   116(1)
S6    C14  C13   127(1) N3    C55  C56   120(1)
S6    C14  C15   122(1) C54   C55  C56   123(1)
C13   C14  C15   110(1) C55   C56  C57   113(1)
C14   C15  C16   114(1) C52   C57  C56   124(1)
S4    C16  C15   112(1) N4    C58   C59  125(1)
S5    C17   C18  112(1) N4    C58   C63  112(1)
C17   C18   C19  119(1) C59   C58   C63  121(1)
C17   C18   C23  119(1) C58   C59   C60  118(1)
C19   C18   C23  120(1) C59   C60   C61  122(1)
C18   C19   C20  121(1) C60   C61   C62  118(1)
C19   C20   C21  115(1) C60   C61   C64  117(1)
N1    C21   C20  112(1) C62   C61  C64   123(1)
N1    C21   C22  127(1) C61   C62  C63   120(1)
C20   C21   C22  120(1) C58   C63  C62   117(1)
C21   C22   C23  122(1) S12   C64  C61   110(1)
C18   C23   C22  118(1) O5    C65  C66   114(1)
N2    C24  C25   124(1) O6    C66  C65   116(1)
N2    C24  C29   116(1) O7    C67  C68   111(1)
C25   C24  C29   119(1) O8    C68  C67   110(1)
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4MTZ 
 
Data collection was performed at 294K on an Enraf-Nonius MACH3 four circles diffractometer equipped with a 
graphite monochromator utilizing MoKα radiation (λ = 0.71073Å). The structure was solved by direct methods 
(SIR) and refined on F by full matrix least-squares techniques using MolEN package programs. Absorption was 
corrected by psi-scan technique and the H atoms were included in the calculation without refinement. 
Anisotropic temperature factors were used for all non-H atoms. 
 
 
Table 2 : X-ray experimental data for 4MTZ 
 
Formula               : C32 H24 N2 O2 S6 
Molecular weight      : 660.94 
Crystal system        : orthorhombic 
Space group           : P b c a 
a(A)                  : 13.296(1) 
b(A)                  : 18.754(1) 
c(A)                  : 24.477(1) 
a(deg)                : 90 
b(deg)                : 90 
g(deg)                : 90 
V(A3)                 : 6103(1) 
Z                     : 8 
Color                 : red 
Crystal dim(mm)       : 1.00*0.20*0.20 
Dcalc(gcm-3)          : 1.44 
F000                  : 2736 
m(mm-1)               : 0.482 
Trans. min and max    : 0.9519/1.0000 
Temperature(K)        : 294 
Wavelength(A)         : 0.71073 
Radiation             : MoKa graphite monochromated 
Diffractometer        : Enraf_Nonius_CAD4 
Scan mode             : w 
hkl limits            : 0,15/-22,0/-29,0 
Theta limits(deg)     : 2.5/24.98 
Number of data meas.  : 5949 
Number of data with   : 3250 
I > 3 s(I) 
Weighting scheme      : 4Fo2/(s2(Fo2) + 0.0064 Fo4) 
Number of variables   : 379 
R                     : 0.041 
Rw                    : 0.052 
GOF                   : 1.032 
Largest peak in final : 0.397 
difference (eA-3) 
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4MTZ 
 
     Table of Positional Parameters and Their E.S.D. 
     ----------------------------------------------- 
     Atom      x           y            z          Ueqv 
     ----      -           -            -          ---- 
     S1    0.84974(9)   0.63467(5)   0.66938(4)   0.0534(5)   
     S2    0.87806(7)   0.47669(4)   0.62665(3)   0.0377(4)   
     S3    0.86048(6)   0.24423(4)   0.60098(3)   0.0354(4)   
     S4    0.81146(7)   0.09095(4)   0.55235(3)   0.0404(4)   
     S5    0.94163(8)   0.54730(5)   0.82270(3)   0.0485(5)   
     S6    0.95561(8)   0.16980(5)   0.40762(3)   0.0495(5)   
     O1    0.8365(2)    0.3034(1)    0.70777(9)   0.050(1)    
     O2    0.8801(2)    0.4195(1)    0.51966(9)   0.047(1)    
     N1    1.1477(2)    0.3812(1)    0.6224(1)    0.048(2)    
     N2    1.1397(2)    0.3142(1)    0.6257(1)    0.048(2)    
     C1    0.8803(4)    0.6994(2)    0.7153(2)    0.055(2)    
     C2    0.9101(3)    0.6722(2)    0.7632(1)    0.050(2)    
     C3    0.9092(3)    0.5962(1)    0.7640(1)    0.038(2)    
     C4    0.8794(2)    0.5674(2)    0.7147(1)    0.037(2)    
     C5    0.8699(2)    0.4942(1)    0.6958(1)    0.034(2)    
     C6    0.8553(2)    0.4328(2)    0.7250(1)    0.039(2)    
     C7    0.8507(2)    0.3724(2)    0.6913(1)    0.036(2)    
     C8    0.8618(2)    0.3858(1)    0.6363(1)    0.033(2)    
     C9    0.8651(2)    0.3360(1)    0.5914(1)    0.031(2)    
     C10   0.8749(2)    0.3502(1)    0.5366(1)    0.036(2)    
     C11   0.8781(2)    0.2900(2)    0.5026(1)    0.035(2)    
     C12   0.8713(2)    0.2278(1)    0.5317(1)    0.034(2)    
     C13   0.8669(2)    0.1548(2)    0.5116(1)    0.035(2)    
     C14   0.8958(3)    0.1249(2)    0.4624(1)    0.039(2)    
     C15   0.8716(3)    0.0512(2)    0.4594(1)    0.050(2)    
     C16   0.8279(3)    0.0258(2)    0.5045(1)    0.047(2)    
     C17   1.0775(3)    0.5421(2)    0.8152(1)    0.062(2)    
     C18   1.1073(3)    0.4989(2)    0.7664(1)    0.049(2)    
     C19   1.0931(3)    0.4248(2)    0.7672(1)    0.049(2)    
     C20   1.1089(3)    0.3848(2)    0.7217(1)    0.042(2)    
     C21   1.1394(2)    0.4164(2)    0.6733(1)    0.044(2)    
     C22   1.1570(3)    0.4898(2)    0.6729(2)    0.052(2)    
     C23   1.1406(3)    0.5302(2)    0.7191(1)    0.053(2)    
     C24   1.1367(2)    0.2791(2)    0.5744(1)    0.043(2)    
     C25   1.1285(3)    0.2048(2)    0.5764(1)    0.051(2)    
     C26   1.1157(3)    0.1668(2)    0.5285(1)    0.049(2)    
     C27   1.1116(3)    0.2002(2)    0.4789(1)    0.044(2)    
     C28   1.1219(3)    0.2747(2)    0.4772(1)    0.047(2)    
     C29   1.1339(3)    0.3135(2)    0.5241(1)    0.045(2)    
     C30   1.0876(3)    0.1608(2)    0.4271(1)    0.057(2)    
     C31   0.8505(3)    0.2879(2)    0.7636(2)    0.056(2)    
     C32   0.9065(4)    0.4327(2)    0.4652(2)    0.070(3)    
 
     Anisotropically refined atoms are given in the form 
    of the isotropic equivalent displacement parameter 
    defined as one third of the trace of the orthogonalized 
    Uij tensor. 
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    Table of Positional Parameters 
    ------------------------------ 
     Atom     x            y            z          Ueqv 
    ----     -            -            -          ---- 
     H1    0.8766       0.7489       0.7077       0.0898    * 
     H2    0.9298       0.7005       0.7935       0.0729    * 
     H3    0.8489       0.4314       0.7637       0.0523    * 
     H4    0.8843       0.2922       0.4639       0.0468    * 
     H5    0.8853       0.0227       0.4282       0.0683    * 
     H6    0.8085       -0.0224      0.5094       0.0673    * 
     H7    1.1051       0.5208       0.8470       0.0825    * 
     H8    1.1035       0.5889       0.8112       0.0825    * 
     H9    1.0722       0.4023       0.8000       0.0649    * 
     H10   1.0988       0.3348       0.7231       0.0570    * 
     H11   1.1805       0.5120       0.6404       0.0696    * 
     H12   1.1523       0.5801       0.7181       0.0714    * 
     H13   1.1316       0.1807       0.6105       0.0679    * 
     H14   1.1097       0.1165       0.5301       0.0649    * 
     H15   1.1206       0.2985       0.4429       0.0617    * 
     H16   1.1403       0.3638       0.5224       0.0585    * 
     H17   1.1283       0.1791       0.3985       0.0742    * 
     H18   1.1022       0.1118       0.4323       0.0742    * 
     H19   0.8385       0.2387       0.7698       0.0774    * 
     H20   0.9176       0.2992       0.7738       0.0774    * 
     H21   0.8049       0.3153       0.7848       0.0774    * 
     H22   0.9074       0.4826       0.4588       0.1015    * 
     H23   0.9714       0.4135       0.4582       0.1015    * 
     H24   0.8588       0.4109       0.4416       0.1015    * 
 
Table of General Displacement Parameter Expressions - U's 
--------------------------------------------------------- 
 Name   U(1,1)    U(2,2)    U(3,3)    U(1,2)    U(1,3)    U(2,3) 
----   ------    ------    ------    ------    ------    ------ 
 S1    .1027(8)  .0292(4)  .0507(5)  .0085(5)  -.0237(5) -.0043(4)  
 S2    .0630(5)  .0225(3)  .0379(4)  .0009(4)  -.0005(4) -.0035(3)  
 S3    .0549(5)  .0235(3)  .0345(4)  -.0026(4) .0020(4)  -.0038(3)  
 S4    .0601(5)  .0254(4)  .0434(4)  .0012(4)  .0035(4)  -.0001(4)  
 S5    .0891(7)  .0379(4)  .0337(4)  .0028(5)  .0017(5)  -.0035(4)  
 S6    .0717(6)  .0505(5)  .0335(4)  -.0025(5) .0049(4)  -.0068(4)  
 O1    .125(2)   .027(1)   .038(1)   -.019(1)  .009(1)   -.004(1)   
 O2    .110(2)   .023(1)   .042(1)   .006(1)   .007(1)   .001(1)    
 N1    .055(2)   .043(1)   .047(2)   -.003(1)  -.001(1)  -.001(1)   
 N2    .055(2)   .041(1)   .050(2)   .004(1)   -.001(1)  .001(1)    
 C1    .127(4)   .023(2)   .058(2)   .002(2)   -.015(2)  -.006(2)   
 C2    .091(3)   .029(2)   .048(2)   -.003(2)  -.007(2)  -.009(2)   
 C3    .059(2)   .025(1)   .038(2)   .001(2)   .002(2)   -.005(1)   
 C4    .047(2)   .026(1)   .041(2)   .003(1)   .002(2)   -.005(1)   
 C5    .043(2)   .025(1)   .038(2)   .003(1)   -.001(2)  -.005(1)   
 C6    .053(2)   .032(2)   .035(2)   -.002(2)  .000(2)   -.005(1)   
 C7    .049(2)   .023(1)   .041(2)   -.005(1)  .003(2)   -.001(1)   
 C8    .041(2)   .025(1)   .037(2)   .001(1)   -.002(1)  -.004(1)   
 C9    .039(2)   .021(1)   .036(2)   .001(1)   -.001(1)  -.003(1)   
 C10   .047(2)   .025(1)   .039(2)   .003(1)   .000(2)   -.002(1)   
 C11   .045(2)   .029(1)   .033(2)   .003(1)   .002(2)   -.003(1)   
 C12   .040(2)   .028(1)   .035(2)   .002(1)   .001(1)   -.006(1)   
 C13   .044(2)   .027(1)   .036(2)   -.000(1)  -.001(1)  -.006(1)   
 C14   .051(2)   .034(2)   .035(2)   -.002(2)  -.001(2)  -.009(1)   
 C15   .073(2)   .036(2)   .049(2)   .001(2)   .002(2)   -.020(2)   
 C16   .070(2)   .025(2)   .060(2)   .002(2)   .003(2)   -.007(2)   
 C17   .085(3)   .054(2)   .052(2)   .007(2)   -.029(2)  -.012(2)   
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 Table of General Displacement Parameter Expressions (Continued) 
--------------------------------------------------------------- 
 Name   U(1,1)    U(2,2)    U(3,3)    U(1,2)    U(1,3)    U(2,3) 
----   ------    ------    ------    ------    ------    ------ 
 C18   .052(2)   .047(2)   .050(2)   .003(2)   -.019(2)  -.003(2)   
 C19   .061(2)   .042(2)   .047(2)   .006(2)   -.005(2)  .002(2)    
 C20   .051(2)   .027(2)   .053(2)   .002(2)   -.001(2)  .004(2)    
 C21   .047(2)   .038(2)   .049(2)   -.000(2)  -.008(2)  -.001(2)   
 C22   .068(2)   .039(2)   .053(2)   -.005(2)  -.010(2)  .007(2)    
 C23   .071(2)   .036(2)   .058(2)   -.007(2)  -.020(2)  .003(2)    
 C24   .041(2)   .043(2)   .045(2)   .005(2)   .005(2)   -.001(2)   
 C25   .069(2)   .039(2)   .049(2)   .007(2)   .006(2)   .005(2)    
 C26   .060(2)   .035(2)   .054(2)   .005(2)   .013(2)   -.004(2)   
 C27   .039(2)   .048(2)   .045(2)   .003(2)   .013(2)   -.004(2)   
 C28   .053(2)   .047(2)   .042(2)   -.001(2)  .008(2)   .002(2)    
 C29   .048(2)   .041(2)   .047(2)   -.003(2)  .005(2)   .002(2)    
 C30   .064(2)   .054(2)   .052(2)   .001(2)   .018(2)   -.011(2)   
 C31   .087(3)   .036(2)   .055(2)   .000(2)   .003(2)   .009(2)    
 C32   .132(4)   .044(2)   .058(2)   .006(2)   .019(3)   .014(2)    
 
 
 Table of Bond Distances in Angstroms 
------------------------------------ 
 Atom 1  Atom 2  Distance    Atom 1  Atom 2  Distance 
======  ======  ========    ======  ======  ======== 
 S1      C1      1.703(4)    C6      C7      1.403(4)    
 S1      C4      1.726(3)    C7      C8      1.379(4)    
 S2      C5      1.727(3)    C8      C9      1.442(4)    
 S2      C8      1.734(3)    C9      C10     1.374(4)    
 S3      C9      1.737(3)    C10     C11     1.403(4)    
 S3      C12     1.730(3)    C11     C12     1.370(4)    
 S4      C13     1.725(3)    C12     C13     1.456(4)    
 S4      C16     1.705(3)    C13     C14     1.383(4)    
 S5      C3      1.758(3)    C14     C15     1.422(4)    
 S5      C17     1.818(4)    C15     C16     1.335(5)    
 S6      C14     1.771(3)    C17     C18     1.497(5)    
 S6      C30     1.826(4)    C18     C19     1.401(5)    
 O1      C7      1.367(4)    C18     C23     1.373(5)    
 O1      C31     1.409(4)    C19     C20     1.359(5)    
 O2      C10     1.367(3)    C20     C21     1.385(5)    
 O2      C32     1.401(4)    C21     C22     1.396(5)    
 N1      N2      1.263(4)    C22     C23     1.379(5)    
 N1      C21     1.413(4)    C24     C25     1.397(5)    
 N2      C24     1.418(4)    C24     C29     1.391(5)    
 C1      C2      1.340(5)    C25     C26     1.382(5)    
 C2      C3      1.424(4)    C26     C27     1.368(5)    
 C3      C4      1.382(4)    C27     C28     1.405(5)    
 C4      C5      1.454(4)    C27     C30     1.501(5)    
 C5      C6      1.370(4)    C28     C29     1.369(5)    
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 Table of Bond Angles in Degrees 
At 1  At 2  At 3  Angle At 1  At 2  At 3  Angle 
====  ====  ====  ===== ====  ====  ====  ===== 
C1    S1    C4    92.5(2) S3    C12   C11   111.3(2) 
C5    S2    C8    92.6(1) S3    C12   C13   119.7(2) 
C9    S3    C12   92.4(1) C11   C12   C13   128.9(3) 
C13   S4    C16   92.6(2) S4    C13   C12   118.3(2) 
C3    S5    C17   100.9(2) S4    C13   C14   109.9(2) 
C14   S6    C30   100.9(2) C12   C13   C14   131.7(3) 
C7    O1    C31   117.5(2) S6    C14   C13   126.2(2) 
C10   O2    C32   118.0(3) S6    C14   C15   121.7(2) 
N2    N1    C21   113.7(3) C13   C14   C15   112.1(3) 
N1    N2    C24   114.1(3) C14   C15   C16   113.7(3) 
S1    C1    C2    112.1(2) S4    C16   C15   111.7(2) 
C1    C2    C3    113.1(3) S5    C17   C18   111.9(3) 
S5    C3    C2    122.2(2) C17   C18   C19   119.4(3) 
S5    C3    C4    125.4(2) C17   C18   C23   121.7(3) 
C2    C3    C4    112.4(3) C19   C18   C23   118.6(3) 
S1    C4    C3    109.9(2) C18   C19   C20   121.0(3) 
S1    C4    C5    117.7(2) C19   C20   C21   120.6(3) 
C3    C4    C5    132.3(3) N1    C21   C20   125.2(3) 
S2    C5    C4    119.1(2) N1    C21   C22   116.2(3) 
S2    C5    C6    111.2(2) C20   C21   C22   118.4(3) 
C4    C5    C6    129.7(3) C21   C22   C23   120.7(3) 
C5    C6    C7    112.2(3) C18   C23   C22   120.5(3) 
O1    C7    C6    126.6(3) N2    C24   C25   115.9(3) 
O1    C7    C8    118.4(3) N2    C24   C29   124.6(3) 
C6    C7    C8    115.0(3) C25   C24   C29   119.3(3) 
S2    C8    C7    109.0(2) C24   C25   C26   119.7(3) 
S2    C8    C9    122.0(2) C25   C26   C27   121.4(3) 
C7    C8    C9    128.9(3) C26   C27   C28   118.5(3) 
S3    C9    C8    122.6(2) C26   C27   C30   122.2(3) 
S3    C9    C10   109.1(2) C28   C27   C30   119.1(3) 
C8    C9    C10   128.3(3) C27   C28   C29   120.9(3) 
O2    C10   C9    119.0(3) C24   C29   C28   120.0(3) 
O2    C10   C11   125.7(3) S6    C30   C27   112.3(3) 
C9    C10   C11   115.3(3)  
C10   C11   C12   112.0(3)  
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