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[Cu(PPh3)2(dmtu)I](3) 
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30.0495(9) , c = 18.4227(5) Å, β = 90.8740(10)o (2)  
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9.7886(3) ,  b = 17.6205(6) , c = 21.6517(7) Å, β = 100.6460(10)o  (3)  
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   a = 10.8474(5) , b = 17.3669(7) , c = 19.9418(9) Å, β = 100.038(1)o 
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ABSTRACT 

 

The systematic complexes of copper(I) halides (CuX; X= Cl, Br, I) containing 

triphenylphosphine (PPh3) and N,N -dimethylthiourea (dmtu) ligands have been synthesized and 

characterized by elemental analysis, X-ray fluorescence spectrometry, Fourier transform infrared 

spectroscopy and Fourier transform nuclear magnetic resonance spectroscopy.                          

The  crystal  structures  of  [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN(1),  [Cu(PPh3)2(dmtu)Br](2)    and 

[Cu(PPh3)2(dmtu)I](3) have been established by single-crystal X-ray diffraction. The complex(1) 

crystallizes in monoclinic system, space group P21/n, Z = 8 with cell parameters a =13.7503(4), b 

= 30.0495(9), c = 18.4227(5) Å, β = 90.8740(10)o. The complex(2) crystallizes in monoclinic 

system, space group P21/c, Z = 4 with cell parameters a = 9.7886(3),  b = 17.6205(6), c = 

21.6517(7) Å, β =100.6460(10)o and the complex(3) crystallizes in monoclinic system, space 

group P21/n, Z = 4 with cell parameters  a = 10.8474(5),  b = 17.3669(7), c = 19.9418(9) Å, β = 

100.038(1)o. Each of these structures features a distorted tetrahedral copper(I) center coordinated 

to two phosphorus atoms from two triphenylphosphine molecules, one sulfur atom of N,N -

dimethylthiourea molecule and one halogen atom.  
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 °C  = ��5�%3�%30�� 
 Å  = �	�����1 (�	�����1 = 10-10 %1��) 
 cm3  = �����5��%3��.%1�� 
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 Httsc  =  thiophene-2-carbaldehyde thiosemicarbazone 
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    (Ascorbic acid oxidase) 

 

 ( , 2550)   
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              63Cu,  65Cu 

    (g)            63.546 

    (g/cm3)            8.94 

    (oC)            1083 
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(P)   
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(I)  mixed 

ligand   

 N,N -dimethylthiourea    triphenylphosphine  

(S)  (N)  (P)  

 

 
 Lecomte  (Lecomte et al., 1989)    

(I)  pyrimidine-2-thione(pymth)    triphenylphosphine  

 

    elemental  analysis, UV-vis   NMR spectroscopy  

 single-crystal  X-ray diffraction       

monoclinic    P21/n,  a = 13.035(2), b = 43.660(9), c = 13.446(2) Å, β = 90.68(2)        

V = 7652 Å3, Z = 8   1.3 

 
 1.3  [Cu(PPH3)2(pymth)Br] 

 
  Karagiannidis  (Karagiannidis et al., 1990) 

(I)    mixed ligand   1-

methyl-1,3-imidazoline-2-thione(meimtH)    triphenylphosphine  

  [Cu(PPh3)2(meimtH)X]   ( X = Cl, Br, I )    

  single-crystal  X-ray  diffraction  
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  [Cu(PPh3)2(meimtH)Br]       prisms    
−

1P ,  

a = 9.988(3),  b = 10.212(2),  c = 21.066(5) Å ,  α  = 94.86(2),  β = 91.70(2), γ = 119.16(2)  , Z 

= 2,  R = 0.0330     1.4   

 

 
 1.4     [Cu(PPh3)2(meimtH)Br] 

 

 Skoulika  (Skoulika et al., 1991)  

(I)      mixed ligand   benz-1,3-imidazoline-2-

thione(bzimtH2)   triphenylphosphine  

[Cu(PPh3)2(bzimtH2)Cl]     monoclinic    P21/c,  a = 

13.147(2), b= 18.592(3), c = 17.259(3) Å , β  = 97.45(2) ,  Z = 4,  

 1.5  

 
 1.5    [Cu(PPh3)2(bzimtH2)Cl] 
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 Aslanidis  (Aslanidis et al., 1993)    

[Cu(PPh3)I]4   pyrimidine-2-thione(pymtH)    

  single-crystal  X-ray  diffraction  

 [Cu(PPh3)2(L)I]  (L = pymtH ) 

  [Cu(PPh3)2(pymtH)I]     monoclinic   P21/n,  a = 

9.708(2),  b = 19.838(4),  c = 19.893(4) Å ,  β = 92.53(3)  ,  Z = 4    1.6 

 
 

 
 

 1.6  [Cu(PPh3)2(pymtH)I] 

 

Haiduc  (Haiduc et al., 1994)   

(Ph3P)Cu(SPPh2)2N  (Ph3P)2CuNO3  K[(SPPh2)2N]

 elemental analysis, IR,  1H 31P-NMR spectroscopy 

  single-crystal  X-ray  diffraction 

(Ph3P)Cu(SPPh2)2N   monoclinic  P21/c, a = 18.826(2), b = 10.619(2),  
c = 20.587(2) Å , β =  112.46(2) ° ,  V  = 3803.6(8) Å3,  Z = 4  1.7 
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 1.7 (Ph3P)Cu(SPPh2)2N 

 

Donald  (Donald et al., 1996) 

 (I)  copper(I) butyrate  triphenylphosphine 

 IR spectroscopy  X-ray crystallography  

Cu2(CH2)4(CO2)2(Ph3P)4   monoclinic  P21/n,   a = 15.295(4),  b = 

12.555(2),  c = 17.779(3) Å , β =  106.870(2) ° ,  Z = 2  1.8 

 

 1.8   Cu2(CH2)4(CO2)2(Ph3P)4 

 

 Jianping   (Jianping et al., 1996)  

(I)  CuBr   benz-1,3-thiazolidine-2-thione (bztzdtH)   

triphenylphosphine     [Cu(bztzdtH)(PPh3)Br]2  

   single-crystal  X-ray diffraction   
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    [Cu(bztzdtH)(PPh3)Br]2    monoclinic   C2/c, a = 

25.991(14),  b = 9.206(1),  c = 19.943(3) Å ,  β = 100.02(1)  ,  Z = 4  1.9 

 

 
 1.9   [Cu(bztzdtH)(PPh3)Br]2 

 

 Aslanidis  (Aslanidis et al., 1997)    

[Cu(PPh3)3Cl]   1,3-thiazolidine-2-thione(tzdtH)    

  single-crystal  X-ray  diffraction   

  [Cu(PPh3)2(L)Cl] (L = tzdtH 

)      monoclinic   P21/c,  a = 14.31(2),  b = 

10.009(10),  c = 29.52(2) Å , β = 93.53(14)  ,     Z = 4    1.10 

 
 
 
 
 
 
 
 
 

 1.10   [Cu(PPh3)2(tzdtH)Cl] 
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 Cox   (Cox et al., 1999)   

[Cu(PPh3)3Cl]   benz-1,3-thiazolidine-2-thione (bztzdtH)   

[Cu(PPh3)2(bztzdtH)Cl]     IR,  

UV-vis,  1H-NMR spectroscopy   single-crystal  X-ray  diffraction  

    [Cu(PPh3)2(bztzdtH)Cl]    triclinic  
−

1P ,  a 

= 9.998(5),  b = 20.313(10),  c = 20.874(7) Å ,    α = 82.93(6),  β = 77.99(8), γ = 83.60(3)  ,  Z = 

2,  R = 0.060,  Rw = 0.0399    1.11 

 

 
 

 1.11   [Cu(PPh3)2(bztzdtH)Cl] 

 

Coles  (Coles et al., 2001)   

CuCN   1,3,4,6,7,8-Hexahydro-2H-pyrimido[1,2-a]pyrimidine (hppH)  

triphenylphosphine  [Cu2(CN)2(PPh3)4(hppH)]   

elemental  analysis,  infrared,    UV-Vis ,   NMR  spectroscopy    single-crystal  X-ray  

diffraction      triclinic  
−

1P  ,   a = 

13.501(6),  b = 14.3767(4),  c = 19.6377(8) Å , α = 81.818(3),  β =  78.002(2) , γ  =83.788(3)  , 

V  = 3694.4(2) Å3, Z = 2  1.12 
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 1.12  [Cu2(CN)2(PPh3)4(hppH)] 

 

Tarlok  (Tarlok et al., 2002)   

CuBr2(C5H5NS)2   tri-p-tolylphosphine(p-Tol3P)

 UV-Vis spectra, IR,  1H 13C-NMR spectroscopy   single-

crystal X-ray diffraction                             

[CuBr(η2-S- µ -C5H5NS)(p-Tol3P)]2    

   
−

1P ,  a  = 9.790(5),  b = 10.391(7),  c  = 14.600(5) Å, α = 83.64(4),          

β =73.82(39), γ = 62.16(4) , V  = 1261.0(11) Å3  Z = 1,  1.13 

 

 
 1.13 [CuBr(η2-S- µ -C5H5NS)(p-Tol3P)]2 



11

Aslanidis  (Aslanidis et al., 2003)  

  CuBr   cis-1,2-bis(diphenylphosphino)ethylene(dppet)  5-methyl-1,3,4-

thiadiazole-2-thione (mtdztH)   

 single-crystal  X-ray diffraction    

[CuBr(dppet)(mftztH)]     [CuBr(dppet)(mftztH)]     

triclinic  
−

1P  ,          a = 9.8429(2),  b = 11.3450(4),  c = 14.6006(5) Å , α 

=100.6860(10)  β =  106.870(2) ,                      γ  =98.312(2)    Z = 2       1.14 

 

                  
 

 1.14   [CuBr(dppet)(mftztH)] 

 

Dan  (Dan et al., 2003)    

Oxine (8-hydroxyquinoline)  [Cu(MeCN)2(PPh3)2](BF4)   

  single-crystal  X-ray  diffraction  

   [Cu(oxine)(PPh3)2](BF4) 

  monoclinic   P21/n,  a = 11.372(3),  b = 22.171(5),  c = 16.038(4) Å , β = 

97.942(5)  , V  = 4005.0(16) Å3,  Z = 4  1.15 
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 1.15  [Cu(oxine)(PPh3)2](BF4) 

 

 Tarlok  (Tarlok et al., 2007)  
(I)  thiophene-2-carbaldehyde thiosemicarbazone (Httsc)  triphenylphosphine 

   elemental analysis, IR,   1H
31P-NMR spectroscopy   single-crystal  X-ray  diffraction   

 [Cu2Cl2(µ2-S-Httsc)2(PPh3)2].2CH3CN    

   
−

1P   ,  a  = 9.2407(15),  b = 11.1336(17),  c  = 14.125(2) Å, α 

= 74.720(9), β =71.123(9), γ = 78.615(9) , V  = 1316.4(3) Å3  Z = 2  1.16 

 
 

 1.16  [Cu2Cl2(µ2-S-Httsc)2(PPh3)2] 
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 Nimthong  (Nimthong et al., 2008) 

(I)  N-phenylthiourea (ptu)  triphenylphosphine   

  single-crystal  X-ray  diffraction  

  [Cu(ptu)(PPh3)2I]  
−

1P   ,  a  = 

10.9505(9), b = 18.7294(15),  c  = 21.3731(18) Å, α = 67.422(1), β =77.215(1), γ = 73.224(1) , 

V  = 3844.9(5) Å3  Z = 4  1.17 

 1.17 [Cu(ptu)(PPh3)2I]

 
 

1.  (I)   N,N - 

dimethylthiourea   triphenylphosphine   

    

                2.    

                       

3.   

 

4.    

(X-ray diffraction)   

  (Xtal version 3.7)     
(Shelxtl NT version 6.12) 
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 ����� 2  
 

��	
� ��
���� ��������
��� 

 
2.1 	������ 

2.1.1 ��� Fluka Chemical, Buchs, Switzerland 
�� !"#$�%&'() *+(, C5H14N2S, purum 
�0*123#$1'4123, C18H18P, purum 
7'8 8'*9(I)&=*�!�9 , CuBr, L.R. grade 
7'8 8'*9(I)7$'�*�9, CuCl, L.R. grade 

 2.1.2 ��� Lab-Scan Analytical Science 
 '"�3'$, C2H5OH, A.R. grade 
'FG+&0�3�0*$9, CH3CN, A.R. grade 
 '"#$'FG# 0�, C4H8O2, A.R. grade 
'FG#&03, CH3OCH3, A.R. grade 

 2.1.3 ��� Aldrich Chemical Company, Inc 
7'8 8'*9(I)�'&'���9 , CuI, L.R. grade 

 
2.2 ��
����������������� 

2.2.1  "'*9&!!# 0'*9, Gallenkamp, England 0-360 °C 
2.2.2 O$'�7�8P$$�*+ Q3�� 4R3ST�U)3(9�$�V 0.4-0.5 !#$$# !0* 
2.2.3 Capillary melting point apparatus, Thomas Hoover, Unimelt 0-360 °C 
2.2.4 Hot plate stirrer with magnetic bar 
2.2.5 X-ray fluorescence spectrometer model PW 2400, Philips 
2.2.6 Fourier transfrom infrared spectrometer, model 783, Perkin - Elmer 
2.2.7 Fourier transfrom NMR spectrometer 500 MHz, Model UNITY INOVA, Varian 
2.2.8 Bruker SMART APEX CCD diffractometer 
2.2.9 CHNS-O Analyzer, model Flash 112Series EA, Thermo finningan 
2.2.10 Fiber glass, 0.1-0.4 mm. (in diameter) 
2.2.11 �$R'V�c$"**U39 Bin Steriom VT II, Olympus 
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2.3 ���	������� �	��
������!��"#�$ 

2.3.1 ��*4dV 7*�FO94�*8*F�'= e#VGR'3 [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 
  4d�4Th3&!$Q'V CuCl  :  PPh3  :  dmtu  "T��d= 1 : 2 : 1 
$F$�( PPh3 0.5 !#$$#�*d! (2.02 !#$$#&!$) $V�8j30dh"k�$F$�( acetonitrile 8*#!�0* 30 !#$$#$#0* 
"k���**+1$d�G9�3$F$�(O!� �F��R4�*$F$�(j4�!T!+4+ ���3dl3 0#! CuCl 0.10 �*d! (1 !#$$#&!$) 
$Vj34�*$F$�( PPh3 �F��R4�*$F$�(4+ Q+(h'T'3 "k���**+1$d�G90T'"+m'cnOo)!#8*F!�n 750 C 
 8p3 h$� 2 edmh&!V �F��R4�*$F$�(QcT34+ Q+(h  0#! dmtu 0.10 �*d! (1 !#$$#&!$) $V�8j3
4�*$F$�( 4+Q'V4�*$F$�(�F 8$+m(3q8$V 8p3 j4�!T!+4+ "k���**+1$d�G90T' 8p3 h$� 5 edmh&!V �F
��R4�*$F$�(j4�!T!+4+ 3k�4�*$F$�(!��*'V�F��R1P$ 0*� (filtrate) j4�!T!+4+ h�V�hR"+m
'cnOo)!#OR'V 1 7r3 �F!+S$s�*)8 O$+m(!$d�tnFj4�!T!+4+ "k���*�*'Vq(�S$s�''�!��Rh(h#%+$�
7h�!�d3 S$s�"+m��R!+�c�O$'! O$h195-198 0C 

2.3.2 ��*4dV 7*�FO94�*8*F�'= e#VGR'3 [Cu(PPh3)2(dmtu)Br] 
  4d�4Th3&!$Q'V CuBr  :  PPh3  :  dmtu  "T��d= 1 : 2 : 1 
$F$�( PPh3 0.73  �*d! (2.78 !#$$#&!$) $V�8j30dh"k�$F$�( acetone 8*#!�0* 30 !#$$#$#0* "k�
��**+1$d�G9�3$F$�(O!� �F��R4�*$F$�(j4�!T!+4+ ���3dl3 0#! CuBr 0.20 �*d! (1.39 !#$$#&!$) 
$Vj34�*$F$�( PPh3 �F��R4�*$F$�(4+ Q+(h'T'3 "k���**+1$d�G90T'"+m'cnOo)!#8*F!�n 550 C 
 8p3 h$� 2 edmh&!V �F��R4�*$F$�(QcT34+ Q+(h  0#! dmtu 0.14 �*d! (1.39 !#$$#&!$) $V�8j3
4�*$F$�( 4+Q'V4�*$F$�(�F 8$+m(3q8$V 8p3 j4�!T!+4+ "k���**+1$d�G90T' 8p3 h$� 5 edmh&!V �F
��R4�*$F$�(j4�!T!+4+ 3k�4�*$F$�(!��*'V�F��R1P$ 0*� (filtrate) j4�!T!+4+ h�V�hR"+m
'cnOo)!#OR'V 1 7r3 �F!+S$s�*)8 O$+m(!$d�tnFj4�!T!+4+ "k���*�*'Vq(�S$s�''�!��Rh(h#%+$�
7h�!�d3 S$s�"+m��R!+�c�O$'! O$h 188-190 0C 

2.3.3 ��*4dV 7*�FO94�*8*F�'= e#VGR'3 [Cu(PPh3)2(dmtu)I] 
  4d�4Th3&!$Q'V CuI  :  PPh3  :  dmtu  "T��d= 1 : 2 : 1 
$F$�( PPh3 0.55  �*d! (2 !#$$#&!$) $V�8j30dh"k�$F$�( acetone 8*#!�0* 30 !#$$#$#0* "k���*
*+1$d�G9�3$F$�(O!� �F��R4�*$F$�(j4�!T!+4+ ���3dl3 0#! CuI 0.20 �*d! (1 !#$$#&!$) $Vj3
4�*$F$�( PPh3 �F��R4�*$F$�(4+ Q+(h'T'3 "k���**+1$d�G90T'"+m'cnOo)!#8*F!�n 500 C  8p3 h$� 
2 edmh&!V �F��R4�*$F$�(QcT34+ Q+(h  0#! dmtu 0.10 �*d! (1 !#$$#&!$) $V�8j34�*$F$�( 4+Q'V
4�*$F$�(�F 8$+m(3q8$V 8p3 j4�!T!+4+ "k���**+1$d�G90T' 8p3 h$� 5 edmh&!V �F��R4�*$F$�(j4
�!T!+4+ 3k�4�*$F$�(!��*'V�F��R1P$ 0*� (filtrate) j4�!T!+4+ h�V�hR"+m'cnOo)!#OR'V 1 7r3 �F!+S$s�
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*)8 O$+m(!$d�tnFj4�!T!+4+"k���*�*'Vq(�S$s�''�!��Rh(h#%+$�7h�!�d3 S$s�"+m��R!+�c�O$'! 
 O$h 180-183 0C 
 

2.4 ���&'�(�	���)������*+�,����������*-��	��
������!��"#�$ 

 2.4.1 ��*Us�t�4!=d0#"�V��(o�u 
  4!=d0#"�V��(o�u"+m��R"k���*Us�t���Rq�T4+ $d�tnFS$s� �c�O$'! O$h q$F��*
$F$�(j30dh"k�$F$�(e3#�0T�Vv  
  2.4.1.1 4+q$F$d�tnFS$s�4dV �0��R�Rh(0� 8$T� 
  2.4.1.2 �c�O$'! O$h 3k��8hd��Rh( 7*rm'V capillary melting point 
  2.4.1.3 ��*$F$�( &�($F$�(4�*8*F�'= e#VGR'3j30dh"k�$F$�(e3#�0T�Vv 
���3dl34dV �0��* 8$+m(3q8$V"+m �#�Qsl3 
 
2.5 ���������� � �
�������)�����
/$����
�����0$	��
������!��"#�$ 

 O�8*#!�nQ'V%�0c7�*9='3(C), �w&�* �3(H), Gd$ 1'*9(S) q$F�3&0* �3(N) j3
4�*8*F�'= e#VGR'3&�(jeR 7*rm'V CHN-O Analyzer, Ce Flash 1112 Series EA Q'VU)3(9 7*rm'V!r'
�$�V !O�h#"(�$d(4VQ$�37*#3"*9  
 
2.6 ���������� � �!$�
-����)�0$	��
������!��"#�$2
*0!#���$�� XRF 
 3k�S$s�"+m4dV 7*�FO9��R!�0*h�4'=hT�S$s�"+m��R 8p3S$s�Q'V4�*8*F�'= e#VGR'3 GsmV�F
jOR4 8�0*d!Q'V%�0c 7'8 8'*9(Cu) ,1'41'*d4(P) , Gd$ 1'*9(S) q$F w�$�9(Cl, Br O*r' I) &�(
jeR 7*rm'V X-ray fluorescence, Phillips PW 2400 spectrometer Q'VU)3(9 7*rm'V!r'�$�V 
!O�h#"(�$d(4VQ$�37*#3"*9  
 
2.7 ���&'�(�����
���*$�
��-���7����
8
���$ FT-IR 
 Us�t���* 8$+m(3q8$VQ'Vqx=��*�)��$r3Q'VO!)T1yV�9ed3"+m4k�7dz"dlVj3$#q�3�9q$F
4�*8*F�'= e#VGR'3 &�(jeR KBr discs ��*Us�t�7*dlV3+l��RjeR 7*rm'V Infrared Spectrophotometer, 
Perkin-Elmer 783 Q'Vo�7h#e� 7!+ !O�h#"(�$d(4VQ$�37*#3"*9  
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2.8 ���&'�(� 1H NMR��� 13C NMR 

 Us�t���* 8$+m(3q8$V7T� chemical shift Q'V 1H NMR 4 8�0*d!q$F 13C NMR 
4 8�0*d!Q'V$#q�3�9'#4*F 8*+(= "+(=�d=4�*8*F�'= e#VGR'3 Us�t�&�(jeR0dh"k�$F$�( 
dimethylsulfoxide-d6 (DMSO-d6) 
 
2.9 ���&'�(�2���	�#��-��	��
������!��"#�$2
*����������B*���$-�����	����"��$C�'��
��*� 

 Us�t�&7*V4*R�VQ'V4�*8*F�'= e#VGR'3&�(��* �}=QR'!)$��* $+l(h =3Q'V*dV4+ '�G9
=3S$s� �+m(h�Rh( 7*rm'V '�G *(9�#1q1*�&"!# 0'*9q$FO�&7*V4*R�V�Rh(&8*q�*!7'!u#h 0'*9
*F== Xtal version 3.7 q$F SHELXTL version 6.12 j3��*Us�t�&7*V4*R�VS$s��Rh(h#%+"�V*dV4+
 '�G9 !+Qdl30'3"+m4k�7dz�dV3+l 

�) ��* $r'�S$s�q$F��* !R�"9S$s� 
Q) ��*"�$'V urm' �}=QR'!)$�#1q1*�ed3 QR'!)$"+m��R�F 8p3"#U"�VO*r'*F3�="+m �#���*

 $+l(h =3q$F7h�! QR!Q'V*dV4+ '�G9"+m $+l(h =3''�!����S$s� 
7) ��*Us�t� urm'O�&7*V4*R�V'(T�V7*T�hv q$RhjeR&7*V4*R�V"+m��R3+l7k�3hnO�7h�! QR!

Q'V��* $+l(h =3Q'V*dV4+ '�G9 urm' 8*+(= "+(=�d=7h�! QR!"+mhd���R GsmV�F 8p30dh='�
hT�&7*V4*R�V"+mO���Rx)�0R'V!��3R'(q7T�O3&�(!+7T��de3+ (R-factor) "+m�F 8p30dh=TV
='�7h�!x)�0R'VQ'V&7*V4*R�V 

V) ��*�*F"k�jOR&7*V4*R�V!+7h�!x)�0R'V!��(#mVQsl3 (refinement)  8p3Qdl30'3Q'V��*
Qd� �$�&7*V4*R�VO*r'8*d=8*cV&7*V4*R�VjOR!+7h�!x)�0R'V!��"+m4c� 

&�(j3��*Us�t�&7*V4*R�VS$s��Rh(h#%+"�V*dV4+ '�G9!+Qdl30'3q4�V�dV*)8 
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*)8"+m 2.1 qS3SdVQdl30'3j3��*Us�t�&7*V4*R�VS$s� 
 

1.  $r'�S$s� �+m(h"+m O!�F4! 
q$F"k���* !�"9S$s� 

 h$�"+mjeR 
 

Qdl30'3 QR'!)$"+m��R 

2.  �}=*h=*h!QR'!)$ 

3. hd�7h�! QR! 

4.��*$�"'3QR'!)$ 

5.O�&7*V4*R�V 

6.��R&7*V4*R�V"+m4!=)*n9 

7. Qd� �$�&7*V4*R�V 

8. q8$S$QR'!)$ 

3�"+/edmh&!V 

edmh&!V/hd3 
 

3�"+ 
 

1 3�"+Qsl3�8 
 

3�"+/edmh&!V 

3�"+-hd3 
 

a, b, c, α, β, γ 
*F==S$s�q$FO!)T8*#o)!# 
 

h k l I σ(I) 
 

h k l F σ (F) O*r' 
h k l F

2
 σ (F

2
) 

 

0k�qO3TVQ'V'F0'!
=�V4Th3O*r'"dlVO!�"+m�!TjeT
�w&�* �3 

0k�qO3TVQ'V"c�'F0'! 

0k�qO3TVQ'V'F0'!q$FO!)T
q"3"+m 

*)8"*V"�V *Q�7n#0Q'V
&! $�c$ 
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2.9.1 ��* $r'�S$s� (Crystal selection) 
        ��* $r'�S$s� 8p3Qdl30'3"+m4k�7dz!�� u*�FQR'!)$�#1q1*�ed3"+m��R�FQsl3'()T�d=
7cno�uQ'VS$s�  xR� $r'�S$s���R�+ QR'!)$�#1q1*�ed3�}�F�+4�!�*x"+m�FO�O3Th( G$$9��R    urm'jOR
��RQR'!)$�#1q1*�ed3"+m�+ !+4#mV4k�7dz"+m0R'V7k�3sVxsV 2 '(T�V7r' 

2.9.1.1 0R'V 8p3S$s� �+m(h 
              7r' S$s��F0R'V!+&7*V4*R�Vo�(j3  eT3 &! $�c$ O*r''#''3 O*r''F0'!"+m�d�0dh 

'(T�V 8p3*F =+(=4!mk� 4!' �!T 8p3S$s�q�� (twinned crystal)   eT3�!T!+*'(q0�*R�h  O*r' 8p3S$s�
=�u*T'V 

2.9.1.2 S$s�0R'V!+Q3��q$F*)8*T�V O!�F4! 
                           7r'  S$s��F0R'V�!TjOzT �#3$k�*dV4+ '�G9"+m QR�!� �!T eT33dl3�F!+=�V4Th3Q'VS$s�
�!Tx)�*dV4+ '�G90��*F"= $( Q3��Q'VS$s��!T $}��3jOR7h�! QR!Q'V*dV4+ '�G9"+m4F"R'3''�!�
!+7T�0mk� �#3�8  &�(Q3��Q'VS$s�"+m O!�F4!�*#Vv  3dl3 O���R�����*u#��*n�7h�! O!�F4!
"+m4c�  (optimum  thickness)  Q'VS$s�j3*dV4+ '�G9"+m!+7h�!(�h7$rm30T�Vv  q$F!+7h�!4d!ud3%9
&�(0*V�d=��*�)��$r3*dV4+ '�G9 
2.9.2 ��* !R�"9S$s� (crystal mounting) 
 ��* !R�"9S$s�  7r'  ��*"k�jORS$s�'()T�d="+m   urm'jOR4�!�*x8*d=S$s�jOR'()Tj3q3h 4R30*V
q$F'()Tj30k�qO3TVU)3(9�$�VQ'V�$R'VxT�(o�u '�G *(9   urm'"+m�F �}=QR'!)$�#1q1*�ed3   &�(!+
h#%+��*7r'  3k�S$s�"+m $r'��hR�80#��d=8$�(QR�VO3smVQ'Vj(q�Rh  (fiber  glass O*r'  quartz  fiber)  "+m
!+Q3�� 4R3ST�3U)3(9�$�V $}��hT�S$s� $}�3R'(   &�(j(q�Rh"+mjeR�F!+7h�!(�h&�(8*F!�n  1.5 
 G30# !0* &�(jeR��h0#� ��h"+mjeR0R'V�!T$F$�(S$s� q$F0#��hR=3O!c�"'V O$r'V (brass  pin)  "+m
!+7h�!(�h8*F!�n 10-15 !#$$# !0*  �dV*)8"+m  2.2 

                                               
                                                           *)8"+m 2.2  q4�V��* !R�"9S$s� 
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        4k�O*d=��*0#�S$s�3dl3Qsl3'()T�d=*)8*T�VQ'VS$s�q$Fq�3Q'VS$s�"+m0R'V��*�F0#�  
��*0#��F�*F"k�&�(��*jeR�$R'V�c$"**U39q== 2 0�   eT3xR�S$s� 8p3q==*)8 Q}!  (needle)   *�
!d��F0#��80�!q�3 Q}!  (needle axis)  GsmVq�3�dV�$T�h3+l�FjeR 8p3q�3O!c3Q'VS$s�0T'�8  xR�
 8p3uh�S$s�"+m!+O$�(v O3R�  (polygon)  !d��F0#��80�!O3R�"+m(�h"+m4c� 8p30R3   
                     ��*0#�S$s�3dl3�*F"k���R&�( *#m!�����*h�VS$s�"+m $r'� '��hR$V=3qST34�$�9"+mh�V
'()T=3q"T3 $349Q'V�$R'V�c$"**U39"+m8*d=&1�d4�3 O}3S$s�"+med� �3  ���3dl3�}q0F8$�(Q'Vj(
q�Rh"+m 0*+(!�hR�d=��h  (adhesive)  q$Rh3k��8q0F�d=S$s�&�(jORq�3Q'Vj(q�Rh!+"#UQ3�3�8�d=
q�3Q'VS$s�"+m0R'V��*�F0#�  ���3dl3�}8*d=S$s�jOR'()Tj3"#U"+m0R'V��*&�(jeR8$�( Q}!  q$F !rm'
��hqORVS$s��}�F0#�q3T3�d=j(q�Rh  ���3dl3�}3k�S$s�"+m0#� 4*}�q$Rh�8j4T�hR=3Odh&�3#&'!# 0'*9 
(goniometer head) �dV*)8"+m 2.3 
 
 
 
 
 
 
 

 

 

 

*)8"+m 2.3 q4�V��*0#�0dlVS$s�=3Odh&�3#&'!# 0'*9 

                                                

2.9.3 ��* �}=QR'!)$�#1q1*�ed3q$F��*O�O3Th( G$$9 

 ���������	
�
����
����
������	������� 3 �������������� � 

 1. ���#���
�$ %���&����'(���)*)��+�� ���'(�#,%-��',#��
���*
�.
#�/#�
*�	���'���'
��
��
�,��&�0�#,%��,���������'�1������ 

 2. ���/��3��$ %�
����
����
��.�
��.��4 *���5+����
����
#,%-���,������6
����'���'
��
�����,��������
��
�,��&�0� �$ %����,���#,��������'���'#,%���-��1�����#���
5��������#,% 1 
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���
����
#,%5+�5���������6���'���'������7����
����
����#,%�����
/��3���(. *�.��.�
-��&��'
���
����
#,%-���,���7����
����
��.��4�#.����� ��������.�-�1	���
�������
� �������8
5
�-��
���
����
#,%9(����
 

3. ���#��5
����
����
9(����
'����%
���� (refinement) ��7����������
����������
� �
������8
�$ %�5
����
����
��.��4#,%
�'�-��1������#,% 2 ',���'9(����
'������ ���#,%���'���'��

�����,������#,%�����61�����
����
#,%
�-�� �������
'��#,%�8�������'���'#,%-��1�����#���
 
0�%
�����(.5���������
���������� %��#�
���#���
�#.����� 

 

2.9.4 h#%+��* �}=QR'!)$ (Data collection methods) 

 ����� ��5+���C,���5������&����'(���)*)��+�� ��������D11��
�����.�
 0�%
*�.�	��C,',���
-�����,����,����,����'#��
���'�
'�	�'������36	
��*���.�
������-� 5�#,%�,�1	��.��9�

��C,��� #,%���'5+�#�%�-� 0�%
��11����C,�.�
4�
�.��,�5
���(.5��#����#,%�.�
��� 2 *�� 0�%
�#����#,%
�.�
���������(.������36	��
���� � � �#������)*)��+�����
���������,%�� *�	�#������)*)��
+�����
����
 ���
���
����1��+����,�1	5+��#������)*)��+�����
���������,%�� 

 

2.9.5  "73#7�#1q1*�ed34k�O*d=S$s� �+m(h (Single-crystal diffraction techniques) 

 Qdl30'3q*�S$s�"+m !R�"9q$Rh�Fx)�0#�0dlV�hR=3Odh&�3#&'!# 0'*9 (goniometer) "+m0*V8$�( 
&�(jeR4�*)(s��hR ��*h�VS$s� jORS$s��R�3"+m!+url3"+mS#h!��Od3�8(dV�R�3"+m*dV4+0��*F"= 8*d=S$s� 
(aligned) j3q3h0dlV (vertical) q$Fq3h3'3 (horizontal) jOR O!�F4! &�(��*8*d="+m4�*) X, Y 
q$F Z ���3dl33k��8 �}=*h=*h!QR'!)$��* $+l(h =3�Rh( 7*rm'V '�G *(9�#1q1*�&"!# 0'*9 (*)8"+m 

2.4 ) &�(jeR*dV4+ '�G9��� Kα Q'V&!$#=�#3d! GsmV!+7h�!(�h7$rm3 0.71073 Å  
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*)8"+m 2.4   7*rm'V '�G *(9�#1q1*�&"!# 0'*9 *cT3 SMART APEX 
 

&�(QR'!)$�#1q1*�ed3"+m0R'V��*7r'0k�qO3TVq$F7h�! QR!Q'V*dV4+ '�G9"+m $+l(h =3''�!�
j3"#U"�V0T�Vv �d3 j3��*hd�7h�! QR!*+ 1*�ed3�FjeRh#%+ rotation GsmV7h=7c!��*O!c3Q'VS$s�
q$F0dh0*h�hd� (detector) �Rh(&8*q�*!7'!u#h 0'*9  !rm'��(*dV4+ '�G97h�!(�h7$rm3 0.71073 Å     

(Mo - Kα) �8(dVS$s��F �#�*dV4+ $+l(h =3O*r'4F"R'3'd3 3rm'V���'F0'!j3S$s�ST�3�8(dV0dh
0*h�hd� QnF"+m��(*dV4+ 0dh0*h�hd��F 7$rm'3"+m�8 8p3!c! 0 - 28o  urm'=d3"s�7T�7h�! QR!Q'V*+ 1
*�ed3 &�(j3"�V8�#=d0#�F �}=QR'!)$Q'Vq$0"#Gj3*F3�=4Th3�$d= (reciprocal lattice plane) 

j3QnF"+mS$s�O!c3�8 3 q�3"+m 8p3'#4*F0T'�d3q$F'()Tj3q3h*dV4+ '�G9 �Rh(!c! 2θ , φ q$F χ 

(*)8"+m 2.4) &�("+m!c!χ �F7V"+m(54.74) o QR'!)$"+m��R�F 8p3QR'!)$��� 3 !#0# x)�=d3"s��hR 8p3 1*! v 
(frame)  &�(���0k�qO3TVQ'V*+q1*�ed3"+mO�''�!���Rec�O3smV�Fx)�3k�!�jeRj3��*4*R�VO3Th(
 G$$9 (unit cell) j3*F=="+m O!�F4!    GsmV�F��RQR'!)$ =rl'V0R3Q'VS$s�  eT3 7h�!(�h�R�3"dlV4�! 

(a, b, c), !c!*FOhT�V�R�3"dlV4�! (α, β, γ), *F==S$s� q$F8*#!�0*Q'VO3Th( G$$9    
               ���QR'!)$��* $+l(h =3 =rl'V0R3 0*h�4'=*F==S$s�q$F G$$9u�*�!# 0'*9Q'VO3Th(
 G$$9"+m��R  !rm'u#��*n�q$RhO3Th( G$$94'�7$R'V�d=&7*V4*R�V"+m�FO� �}�F"k���* �}=*h=*h!
QR'!)$��* $+l(h =3"dlVO!� ���3dl3�sV3k�QR'!)$7h�! QR!u*R'!0k�qO3TV"+m��R�8h# 7*�FO9O�&7*V 
4*R�VS$s�0T'�8 
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*)8"+m 2.5 q�3O!c3"dlV 4 Q'V 7*rm'V�#1q1*�&"!# 0'*9       
 
2.9.6 ��*O�&7*V4*R�V&�(jeR&8*q�*!7'!u#h 0'*9*F== SHELXTL NT version 6.12 
 4�!�*x"k���R&�(��*3k�QR'!)$"+m��R�����* $+l(h =3Q'V*dV4+ '�G9j3S$s�!�7k�3hn&�(
jeR&8*q�*!4k� *}�*)8 SHELXTL NT version 6.12 &�(!+Qdl30'3q4�Vj3*)8"+m 2.6 
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*)8"+m 2.6 qS3SdV��*O�&7*V4*R�V&�(jeR&8*q�*!7'!u#h 0'*9*F== SHELXTL NT version 
6.12 
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 3 

 

 

 

3.1  

   3.1 

   3.2  

3.3  

 

 3.1  

 

   (°C)  

CuCl:PPh3:dmtu 1: 2 :1 acetonitrile 70-75 [Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN 

CuBr:PPh3:dmtu 1: 2 :1 acetone 70-75 [Cu(PPh3)2(dmtu)Br] 

Cu�:PPh3:dmtu 1: 2 :1 acetone 70-75 [Cu(PPh3)2(dmtu)�] 

 

 3.2   

 

  (°C) 

dmtu  61-63 

PPh3  79-81 

[Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN  195-198 

[Cu(PPh3)2(dmtu)Br]  188-190 

[Cu(PPh3)2(dmtu)�]  180-183 
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 3.3   

 

 

 

 

[Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN 

[Cu(PPh3)2(dmtu)Br] [Cu(PPh3)2(dmtu)�] 

H2O    

CH3OH    

C2H5OH    

CH3CN    

CH3COCH3    

CH3COOC2H5    

CHCl3    

CH2Cl2    

n-C6H12    

DMSO    

 

 

3.2  

 3.4  

 

(%) ( ) 

C H N S 

 64.20 5.32 4.68 4.28 [Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN   64.24 5.38 4.70 4.22 

 64.86 5.30 3.89 4.43 [Cu(PPh3)2(dmtu)Br] 

  64.82 5.48 3.91 4.38 

 57.18 4.67 3.41 3.91 [Cu(PPh3)2(dmtu)�] 

  57.23 5.57 3.40 3.76 
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3.3  XRF 

 XRF     3.1-3.8 
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3.4  FT-IR 
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3.5  1H NMR 13C NMR 

 1H NMR   

 3.14  3.18 
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 3.15 1H NMR  DMSO-d6
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 3.16 1H NMR   [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN  DMSO-d6 
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  3.17 1H NMR  [Cu(PPh3)2(dmtu)Br]  DMSO-d6

Cu

PH PH

Br
HS

C

NH

HN

CH3

CH3

1

2

3

4

5

2

3

4

5

6

2’
3’

4’

5’6’2’’

3’’

4’’

5’’

6’’



44

2 

3 
5 

4 

6 

2’
3’

4’

5’6’2’’

3’’

4’’
5’’

6’’

1 

2 3 

4 

5

Cu

P P

S

CHN

NH
CH3

CH3

I

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.18 1H NMR  [Cu(PPh3)2(dmtu)�]  DMSO-d6
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13C NMR   

 3.19  3.23 
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 3.19 13C NMR  DMSO-d6 3.19 13C NMR  DMSO-d6
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 3.20 13C NMR  DMSO-d6
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 3.21 13C NMR   [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN  DMSO-d6 
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 3.22  13C NMR  [Cu(PPh3)2(dmtu)Br]  DMSO-d6
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 3.23   13C NMR   [Cu(PPh3)2(dmtu)�]  DMSO-d6 
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3.6 

 SHELXTL NT version 6.12  

 3.5  [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 

 

Empirical formula  C40 H39.5 Cl Cu N2.5 P2 S1 

Formula weight  748.26 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/n 

Unit cell dimensions a = 13.7503(4) Å α = 90o 

 b = 30.0495(9) Å β = 90.8740(10)o 

 c = 18.4227(5) Å γ  = 90o 

Volume 7611.2(4) Å3 

Z 8 

Density (calculated) 1.306 Mg/m3 

Absorption coefficient 0.814 mm-1 

F(000) 3112 

Crystal size 0.356 � 0.121 � 0.079 mm3 

Theta range for data collection 1.30 to 25.00 o. 

�nde� ranges -16<=h<=16, -35<=k<=35, -21<=l<=21 

Reflections collected 70507 

�ndependent reflections 13413 [R(int) = 0.0594] 

Completeness to theta = 25.00o 100.0 %  

Absorption correction Semi-empirical from equivalents 

Ma�. and min. transmission 0.940 and 0.777 

Refinement method Full-matri� least-squares on F2 

Goodness-of-fit on F2 1.095 
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Final R indices [I>2σ (I)] R1 = 0.0530, wR2 = 0.1031 

R indices (all data) R1 = 0.0744, wR2 = 0.1110 

Largest diff. peak and hole 0.525 and -0.245 e. Å-3 

 

 3.6 [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN 

 

                              (Å) 

                                                          A

   Cu(1A)-P(1A) 2.2847(9) 

Cu(1A)-P(2A)   2.2850(9) 

Cu(1A)-S(1A)   2.3716(10) 

   Cu(1A)-Cl(1A)   2.4014(9) 

S(1A)-C(37A)   1.709(3) 

N(1A)-C(37A)  1.331(4) 

N(2A)-C(39A)   1.444(4) 

N(2A)-H(2AA)   0.876(18) 

P(1A)-C(7A)   1.832(3) 

P(1A)-C(13A)   1.835(3) 

P(1A)-C(1A)   1.838(3) 

P(2A)-C(25A)   1.825(3) 

P(2A)-C(19A)   1.830(4) 

P(2A)-C(31A)   1.834(4) 

                                                              B

Cu(1B)-P(2B)   2.2831(9) 

Cu(1B)-P(1B)   2.2989(9) 

Cu(1B)-S(1B)   2.3857(9) 

Cu(1B)-Cl(1B)   2.3956(9) 
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 3.6 ( ) 

 

              (Å) 

 

S(1B)-C(37B)   1.709(3) 

N(1B)-C(37B)   1.325(4) 

N(1B)-H(1BB)   0.869(18) 

N(2B)-C(37B)   1.323(4) 

P(1B)-C(1B)   1.833(3) 

P(1B)-C(7B)   1.834(3) 

P(1B)-C(13B)   1.836(3) 

P(2B)-C(25B)   1.820(3) 

P(2B)-C(19B)   1.834(3) 

P(2B)-C(31B)   1.837(3) 

 

    3.7 [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN 

 

                     (o) 

 

                                                               A 

P(1A)-Cu(1A)-P(2A)  124.71(3) 

P(1A)-Cu(1A)-S(1A)  107.56(4) 

P(2A)-Cu(1A)-S(1A)  104.04(4) 

P(1A)-Cu(1A)-Cl(1A)  104.71(3) 

P(2A)-Cu(1A)-Cl(1A)  103.01(3) 

S(1A)-Cu(1A)-Cl(1A)  112.92(3) 

C(37A)-S(1A)-Cu(1A)  111.93(12) 
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 3.7 ( ) 

 

                     (o) 

 

 B 

P(2B)-Cu(1B)-P(1B)  120.07(3) 

P(2B)-Cu(1B)-S(1B)  106.08(3) 

P(1B)-Cu(1B)-S(1B)  108.79(3) 

P(2B)-Cu(1B)-Cl(1B)  105.37(3) 

P(1B)-Cu(1B)-Cl(1B)  107.62(3) 

S(1B)-Cu(1B)-Cl(1B)  108.45(3) 

C(37B)-S(1B)-Cu(1B)  109.86(12) 
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 3.24  A  B             

[Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN 
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 3.25  A [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN  

 
  3.26  B [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN  
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    A 

    B 

 

 

 

 3.27 [Cu(PPh3)2(dmtu)Cl]  

 a 

a b

c
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 3.28 [Cu(PPh3)2(dmtu)Cl]   b

 3.29 [Cu(PPh3)2(dmtu)Cl]   c

b c

a

ao

b
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 3.8 [Cu(PPh3)2(dmtu)Cl] ⋅ 0.5CH3CN 

 

H-bond D H H---A D---A D H---A 

�nter-molecular interaction 

N(1B)-H(1B)---Cl(1A) 

[�, y+1, z]    

 

0.869(18) 

 

2.47(2) 

 

3.262(3) 

 

152(3) 

�ntra-molecular interaction 

N(2A)-H(2A)---Cl(1A) 

N(2B)-H(2B)---Cl(1B) 

 

0.879(18) 

0.876(18) 

 

2.36(2) 

2.326(19) 

 

3.230(3) 

3.197(3) 

 

169(3) 

173(3) 

 

 : D = Donor atom 

   A = Acceptor atom 

 

 

 

 

 3.30  

A B [Cu(PPh3)2(dmtu)Cl] 
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 3.9  [Cu(PPh3)2(dmtu)Br] 

 

Empirical formula     C39H38BrCuN2P2S 

Formula weight      772.16 

Temperature      293(2) K 

Wavelength      0.71073 Å 

Crystal system      Monoclinic 

Space group      P21/c   (No. 14) 

Unit cell dimensions    a = 9.7886(3) Å  α  = 90o 

b = 17.6205(6) Å     β =100.6460(10)o 

      c = 21.6517(7) Å γ   = 90o 

Volume      3670.2(2) Å 3 

Z      4 

Density (calculated)    1.397 Mg/m3 

Absorption coefficient    1.857 mm-1 

F(000)      1584 

Crystal size     0.358 � 0.16 � 0.115 mm3 

Theta range for data collection   1.50 to 28.05o 

�nde� ranges     -12<=h<=12, -23<=k<=23, -28<=l<=28 

Reflections collected    43462 

�ndependent reflections    8875 [R(int) = 0.0328] 

Completeness to theta = 28.05o   99.9 %  

Absorption correction    Semi-empirical from equivalents 

Ma�. and min. transmission   0.810 and 0.638 

Refinement method    Full-matri� least-squares on F2 

Goodness-of-fit on F2    1.030 

Final R indices [I>2σ (I)]   R1 = 0.0342, wR2 = 0.0823 

R indices (all data)    R1 = 0.0494, wR2 = 0.0887 

Largest diff. peak and hole   0.610 and -0.226 e. Å-3 
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 3.10 [Cu(PPh3)2(dmtu)Br] 

 

                  (Å) 

Cu(1)-P(1)  2.2746(5) 

Cu(1)-P(2)  2.2923(6) 

Cu(1)-S(1)  2.3611(6) 

Cu(1)-Br(1)  2.5423(3) 

P(1)-C(11)  1.822(2) 

P(1)-C(21)  1.827(2) 

P(1)-C(31)  1.8306(19) 

P(2)-C(51)  1.830(2) 

P(2)-C(41)  1.832(2) 

P(2)-C(61)  1.834(2) 

S(1)-C(1)  1.711(2) 

N(1)-C(1)  1.328(3) 

N(1)-C(2)  1.457(4) 

 

 3.11 [Cu(PPh3)2(dmtu)Br] 

 

                     (o) 

 

P(1)-Cu(1)-P(2) 122.90(2) 

P(1)-Cu(1)-S(1) 99.98(2) 

P(2)-Cu(1)-S(1) 114.16(2) 

P(1)-Cu(1)-Br(1) 104.351(16) 

P(2)-Cu(1)-Br(1) 105.901(17) 

S(1)-Cu(1)-Br(1) 108.650(19) 

C(1)-S(1)-Cu(1) 110.11(9) 
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 3.31  [Cu(PPh3)2(dmtu)Br] 
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 3.32 [Cu(PPh3)2(dmtu)Br]  

 a 

 3.33 [Cu(PPh3)2(dmtu)Br]   b
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 3.34 [Cu(PPh3)2(dmtu)Br]  

 c 
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 3.12 [Cu(PPh3)2(dmtu)Br] 

 

H-bond D H H---A D---A D H---A 

�ntra-molecular interaction 

N(2)-H(2)---Br(1) 

 

0.899(17) 

 

2.429(18) 

 

3.327(2) 

 

176(3) 

 

 : D = Donor atom 

   A = Acceptor atom 

 

 

 

 

 

 

 3.35 [Cu(PPh3)2(dmtu)Br]
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 3.13  [Cu(PPh3)2(dmtu)�] 

 

Empirical formula     C39H38Cu�N2P2S 

Formula weight      819.17 

Temperature      293(2) K 

Wavelength      0.71073 Å 

Crystal system      Monoclinic 

Space group      P21/n 

Unit cell dimensions    a = 10.8474(5) Å       α = 90o 

      b = 17.3669(7) Å       β = 100.038(1)o 

      c = 19.9418(9) Å      γ  = 90o 

Volume      3699.2(3) Å3 

Z      4 

Density (calculated)    1.471 Mg/m3 

Absorption coefficient    1.597 mm-1 

F(000)      1656 

Crystal size     0.249 � 0.229 � 0.135 mm3 

Theta range for data collection   1.57 to 25.00o 

�nde� ranges     -12<=h<=12, -20<=k<=20, -23<=l<=23 

Reflections collected    58592 

�ndependent reflections    6518 [R(int) = 0.0249] 

Completeness to theta = 25.00o   100.0 %  

Absorption correction    Semi-empirical from equivalents 

Ma�. and min. transmission   0.810 and 0.706 

Refinement method    Full-matri� least-squares on F2 

Goodness-of-fit on F2    1.055 

Final R indices [I>2σ (I)]   R1 = 0.0245, wR2 = 0.0594 

R indices (all data)    R1 = 0.0264, wR2 = 0.0605 

Largest diff. peak and hole   0.620 and -0.390 e. Å-3 
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 3.14 [Cu(PPh3)2(dmtu)�] 

 

                  (Å) 

 

Cu(1)-P(2)  2.2951(6) 

Cu(1)-P(1)  2.3121(6) 

Cu(1)-S(1)  2.3704(6) 

Cu(1)-�(1)  2.7093(3) 

S(1)-C(1)  1.702(2) 

P(1)-C(31)  1.828(2) 

P(1)-C(11)  1.832(2) 

P(1)-C(21)  1.832(2) 

P(2)-C(41)  1.823(2) 

P(2)-C(51)  1.835(2) 

P(2)-C(61)  1.842(2) 

N(1)-C(1)  1.333(3) 

N(1)-C(2)  1.439(4) 

 

 

 3.15 [Cu(PPh3)2(dmtu)�] 

 

                  (o) 

 

P(2)-Cu(1)-P(1) 115.74(2) 

P(2)-Cu(1)-S(1) 119.31(2) 

P(1)-Cu(1)-S(1) 101.67(2) 

P(2)-Cu(1)-�(1) 107.645(17) 

P(1)-Cu(1)-�(1) 103.010(17) 

S(1)-Cu(1)-�(1) 108.118(19) 

C(1)-S(1)-Cu(1) 110.40(9) 
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 3.36  [Cu(PPh3)2(dmtu)�] 

 

 

 

 

 



68

 
 

 

 

 
 

  3.38 [Cu(PPh3)2(dmtu)�]  

 b 

 3.37 [Cu(PPh3)2(dmtu)�]  

 a 
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  3.39 [Cu(PPh3)2(dmtu)�]  

 c 
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 3.16 [Cu(PPh3)2(dmtu)�] 

 

H-bond D H H---A D---A D H---A 

�ntra-molecular interaction 

N(1)-H(1)---�(1) 

 

0.86 

 

2.99 

 

3.781(4) 

 

153.5 

 

 : D = Donor atom 

   A = Acceptor atom 

 

 

 

 

 

 

 

 

 3.40 [Cu(PPh3)2(dmtu)�]
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����� 4 
 

��	
��
���
������ 

 

4.1 �
�������
��
�
��������������  
 ������	
��
����
����� 3 
��� ������������	��������	�����	���� !"�� #
���
�$(I) 
�(�)�$ (CuX; X = Cl, Br, I) 	�����34��)3
�34�(PPh3) 7�	�������	������)�8	��$������)�9�
�:
��� �   (dmtu)����� ����	� �� � �>��?���>�!���@ � ������� � ? � ���������	
��
� ���
� 
[Cu(PPh3)2(dmtu)X]  ���	��DE	F��#�������������	
��
����
���@����#��� $��� ���!�9�	��
�)���!���G
�������
	�$��H)E	���@�! �������H)E	G
�������	
��
����
�7���
���I�H)E	���@�! 
��� ���
�����"!���)��@?
�?�	���	�����	�����G
� #
���
�$(I) �(�)�$ (CuX; X = Cl, Br, I) 	��
���3J��)3
�34�(PPh3)8)�������)�9�
�:���� (dmtu) ��"�	�� 1:2:1 ������	����3)�	�$��@
LM >:�� 
70-750 C ��I��!)� 7 
�@!��� 
 H)E	��@������� 3 
�����)�	FM���I��:�� )�@����"���� ��7L� )
�� )!195-198 0C,188-190 
0C, 180-183 0C ���)����� ?�������	
��
����
�[Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN, 
[Cu(PPh3)2(dmtu)Br]8)� [Cu(PPh3)2(dmtu)I] 
 
4.2 �
������
��
�
���"
�#
$%�����& ���
������' �
��������������  

 7�		�� ������M9��L#��$�
� �(����7� ������7� 8)���)�3
�$?�������	
�
�
����
���@����#��� $��� V�!"�H)��@���7�		����)
���#"�?	)��#���	��H)��@���7�		��#���!M7�	
�:�����)	L) 
 
4.3 �
������
��
�
� ��)��#
$%' �
�������������� *�+'����� �� XRF 

��#��#�
	����$3):

�������$���	����������I���#��#��@?
�?�	��!��#��� $ �
���G
�9��L�"�� 
W ?�������	
��
����
� ���
�D�� )�		����@!"���X@
	���L�������!
�"�� (sample excitation) ���
	���)"
�
�L>�# �X
�3�
���@��V)������:� �E@�
�7��I�
��)b	��
� ������
	�$  �X
�����8	��� 
7�	8 )"�
X@���	����	��
��)b	��
�?�
��
�G
�9��L?������!
�"�� �	��	��c"���
�V)�����
? �8	"
��)b	��
� ���? �
��)b	��
���V)������:���	V
��@7� )L�

	��I�
��)b	��
� 
���� ���? �
�	����@!"�� 
��)b	��
���@
�:"?�
�����@�:�	!"�	b�	)���8����@ 8)�#��V)������"!� �E@�

	��?��:�
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C N H

CH3

NH

CH3

S

C N H

CH3

NH

CH3

SH

������
	�$ (���V��9$, 2535) ���9��L��@��
�	��!��#��� $ ����	
�����!� #
���
�$(Cu) ��)�3
�$
(S) 3
�3
���(P) #)
���(Cl) ������(Br) 8)��
�
���(I) 
 7�	 XRF ���	����G
�������	
��
����
���@���7�		����)
�����:���@ 3.1-3.8 V� 

!"�������	
��
����
�G
�[Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN [Cu(PPh3)2(dmtu)Br] 8)� 

[Cu(PPh3)2(dmtu)I] 7�8���8c�V)�������@ 2.01, 2.31 8)� 8.04 keV �E@���#"����	�� Kα G
�9��L
3
�3
���(P) ��)�3
�$(S) 8)� #
���
�$(Cu) ���)����� �
	7�	������V�!"� XRF ���	����G
�

������	
��
����
� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN [Cu(PPh3)2(dmtu)Br] 8)� 

[Cu(PPh3)2(dmtu)I]  8���8c�V)�������@ 2.63, 11.92 8)� 25.54 keV  �E@���#"����	�� Kα G
�9��L 
#)
���(Cl) ������(Br) 8)��
�
���(I) ���)����� �E@�7�	H)��@��������c�X�������!"� ?�
������	
��
����
���@����#��� $�����9��L� )"����
�:"7��� 
 
4.4 �
�/0�1
�
������+ 2���)��23��
��4���5  FT-IR 
 )�8	��$ dmtu ��I�)�8	��$��@���	
���!�	)L"� NHCS �����c�	�� tautomer ��� ���? �
���)	L)�� 2 8�� #X
 thione 8)� thiol ���8��� 
 
 
 
 
 
 
 �������)�8	��$ dmtu �����c��@7�?
�
��
���)�3
�$(S)  �X
 
��
�������7�(N) 
?�	�������V��9�	���) �#
���
�$ (Cu) 8�"7�		����)
�V�!"�)�8	��$ dmtu 
�:"?��:� thione 
����GM���@��I�)�8	��$
����8)�GM���@�	��������	
��
����
� ��X@
�7�	���	�8c�	���:�	)X�
?� 
"!� 3000-4000 cm-1G
� ν (N-H) 8)���"V�8c�	���:�	)X�?��"�� 2500-2600 cm-1 G
� ν 
(S-H) (Hadjikakau et al., 1991) 
 �����	��DE	F�8c�	���:�	)X�G
�)�8	��$?�	)L"�G
��9�
�:����?�������	
�
�
����
������� 
 Singh8)�Dikshit (Singh, R. and Dikshit, S.K., 1995)  ������	��DE	F��#�������8)�
���������
��3��������	�����	�4G
�������	
��
����
� #
���
�$(I)�(�)�$ 	��)�8	��$ 

Thiol Thione 
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dimethyl-phenylthiourea(dmptH) 8)� dibutyl-phenylthiourea(dbptH) ���	�� ��8c�	��
�:�	)X�8��
��3�����G
� thioamide ��@���8 �"��"�� W ������ 
 8���$��@  ���8 �"���@�:�	)X�  8c�	���:�	)X� 

 I      1500 cm-1   ν (C-N)+ δ(N-H) 
 II     1300 cm-1   νs(C=N) + ν (C=S)+ν (C-H) 
 III     1000 cm-1   νs (C-N)+(C-S)  
 IV     800 cm-1   νs (C-S) 
 Karagiannidis8)�#M� (Karagiannidis et al., 1989) ������	��DE	F��#�������8)�
���������
��3��������	�����	�4G
�������	
��
����
� #
���
�$(I ) 	��)�8	��$	)L"� 
heterocyclic thiones 8)� triphenylphosphine ��@���8 �"��"�� W ������ 

8���$��@   ���8 �"���@�:�	)X�  8c�	���:�	)X� 
 I       2900 cm-1   ν (N-H) 

 II      1510 cm-1    δ(NH2)   
 III      1320 cm-1  ν(C=N)+ ν (C-N)+ ν(C=S) 
 IV      1000 cm-1   ν(C=S) + ν(C-N) 
 V    750 cm-1   ν(C=S) 
 Lecomte8)�#M� (Lecomte et al.,1989 ) ������	��DE	F��#�������8)����������

��3��������	�����	�4G
�������	
��
����
� #
���
�$(I) ������$ 	��)�8	��$	)L"� 
heterocyclic thiones 8)� triphenylphosphine ��@���8 �"��"�� W ������ 

8���$��@   ���8 �"���@�:�	)X�  8c�	���:�	)X� 
 I       3180-3130 cm-1   ν (N-H) 

 II      1505-1515 cm-1    δ(NH2)   
 III      1330-1250cm-1  ν(C=N)+ ν (C-N)+ ν(C=S) 
 IV      1030-990 cm-1   ν(C=S) + ν(C-N) 
 V    900 cm-1   ν(C=S) 
 ��� ���G�
�:)���
��3��������	�����	�4G
�������	
��
����
���@��������� 8���

����:���@ 3.9-3.13 �����@8���8c�	���X�G
� N-H ?�������	
��
����
� [Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN 8)� [Cu(PPh3)2(dmtu)Br] ���	���@���8 �"���@��V)�������
�)� ��X@
���7�		���	��
V��9��(����7�>��?����)	L) �����X@
������	
��
����
��	��V��9��(����7� (N-HtX) (X= 
Cl, Br, I) 7����? �#!�� ��8�"�G
�
��)b	��
�����!MV��9� N-H ��
�)����c:	
��
� Cl 8)� 
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Br �E@��"��	b��#!�������c?�	���E�
��)b	��
������ �E�
��)b	��
������? �V��9��� !"�� N 	�� 
H 
"
�)� V)�������@?
�?�	����@�G
�V��9�	b7���
��������!� 
 
�������@ 4.1 8���G�
�:)8c�	���:�	)X���@���#�u?�)�8	��$ dmtu 8)�������	
��
����
� 
 

����>�	����@�/�)G#)X@� (cm-1) ������	
� 
ν (N-H) Band I Band II Band III Band IV 

)�8	��$ dmtu 3229 1504 1308 1039 723 

[Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN  

3198 1531 1327 1092  

[Cu(PPh3)2(dmtu)Br] 
 

3196 1527 1372 1092  

[Cu(PPh3)2(dmtu)I] 
 

3284 1568 1368 1091  

 
�"!�������	
��
����
� [Cu(PPh3)2(dmtu)I] ����8c�	���:�	)X�7��#)X@
������

���8 �"���@��V)������:�8��!"�7���V��9��(����7��	��>��?����)	L)	b��� ��X@
�7�	
��
�G
�
�
�
�����G�����@? u"#"� EN �@��	!"� #)
���8)������� #!�������c?�	���E�
��)b	��
�	b��
�
	!"� ���? �V��9��(����7���@�	��GE����I�8��
"
� W (N-H---I ��"�	�� 2.99 Å ?�GM���@ N-H---
Cl,Br ��"�	�� 2.326, 2.429 Å ���)�����) 8)���X@
�����������	��
�	���� �E@���@��	��c"���
����7L
H"��
��
�G
�������7���? �
��
���)�3
�$�����V��9�	��
��
�#
���
�$ ���? �V��9�
�� !"��������7�	���(����7�G
� [Cu(PPh3)2(dmtu)I] ��#!��8Gb�8����	GE��V)�������@?
�?�
	����@�V��9�	b�V�@�GE�� �E@�H)7�		����@V�8c�	���:�	)X�G
� ν (N-H) �����c���L���!"� )�
8	��$������)�9�
�:����?�������	
��
����
�
�:"?��:�G
� thione 


�"����	b��������	��!��#��� $ �8c�	���:�	)X�G
� �:" amide �VX@
V�7��M�!"��	��
V��9��� !"�� M-N 8)�M-S ?�)�8	��$	)L"�G
� thione ligand (Karagiannidis et al., 1990) 8c�
	���:�	)X���@V����?�
"!�G
� 1531-1568 cm-1 �����c
9�������!"���I�8c�	���:�	)X�G
� 
thioamide 8c���@ I �����@8c�	���:�	)X�7��)X@
���������8 �"���@��V)������:�GE��?�������	
�
���� 3 
��� ��X@
�7�	�	��8��	�����G
�V��9��(����7�?�������	
��
����
� 
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8c�	���:�	)X�G
� thioamide 8c���@ II 8)�III #X
8c�	���X�G
� C=S 8)� C=N �����@
8c�	���:�	)X�7��)X@
���������8 �"���@��V)������:�?�������	
����� 3 
��� ��X@
�7�	#!��
��I�V��9�#:"�� !"�� C=S )�)� 8�"#!����I�V��9�#:"�� !"�� C=N �V�@�GE����X@
�7�		���#

�$��
��
��H"��
��
���)�3
�$8)�!�	��	��c"���
����7L�����
��
� ��)�3
�$ ���? � C-N 8Gb�8��GE��
��#!����I�V��9�#:"��	GE��(Aslanidis et al., 1994) 8�"?�������	
��
����
�������"�����c���L
8���$��@ IV G
� thioamide ��X@
�7�		���	��	����
����	��	��8c�	���:�	)X�G
����34��)3
�
34��E@��
�#)�
�	�����!�7��G
� Karagiannidis (Karagiannidis et al., 1990) ��@���	��DE	F�8c�
	���:�	)X�G
� thioamide ?�������	
��
����
� [Cu(PPh3)2(meimtH)Br]�E@���"�����c���L
8���$G
� thioamide ��� ����X@
�7�		����
����G
����34��)3
�34� 

7�	�������	��DE	F�8c�	���:�	)X�G
�)�8	��$���34��)3
�34��E@�7�V�8c�	��
�:�	)X���@���#�u����?�)�8	��$
�������34��)3
�34� 8)�������	
��
����
������� 

8c�	���:�	)X�G
� ν (=C-H)   ��@ 3064 cm-1 
8c�	���:�	)X�G
� ν (C=C)   ��@ 15808)� 1474 cm-1 

8c�	���:�	)X�G
� δ(=C-H) ?������  ��@ 1088 cm-1 

8c�	���:�	)X�G
�δ(=C-H) �
	�����  ��@ 741 8)�692 cm-1 
 �����X@
V�7��M������������V�!"�8c�	���:�	)X�G
����34��)3
�34�����?�)�8	��$

�������34��)3
�34� 8)�������	
��
����
���"V�	����)�@��8�)���@���#�u �E@��
�#)�
�	��
���!�7��G
� Karagiannidis (Karagiannidis et al., 1990) ��@��"V�	����)�@��8�)�8c�	���:�	)X�
G
�!�
�������	3
�34� ?�������	
��
����
� [Cu(PPh3)2(meimtH)Br] ��X@
�����	��)�8	��$

���� 
 
4.5 �
�/0�1
 1H NMR 2��13C NMR 
 !��#��� $ � 1H NMR ?����)�)�� DMSO-d

6
 ���	����!7!����@
LM >:�� �
� 7�V�

��uu�MG
�����
�7�		)L"�G
� phosphine 7�	)�8	��$���34��)3
�34� 8)�	)L"�G
�thione 
7�	)�8	��$������)�9�
�:���� �E@����	
���!�����
� |(NH) 8)�����
� |CH3 �����@
��uu�MG
� |(NH) 7����	���@ chemical shift 7-9 ppm 
 �����X@
V�7��M� 1H NMR spectra  G
�)�8	��$���34��)3
�34�?�������	
�
�
����
�V�!"� ��"��	����)�@��8�)���@���#�u��X@
�����������	��)�8	��$
�������34��)3
�34� 
���#"� chemical shift ��	����)�@��8�)��)b	��
� ��� ���#"� chemical shift G
�)�8	��$������)�9
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�
�:���������������	��������	
��
����
� V�	����)�@��8�)�#"� chemical shift ��@���#�uG
�    
|(NH) �E@�8�������������@ 4.2 
 7�	�����V�!"���uu�MG
� |(NH) ?�������	
��
����
����	���@ chemical shift 
��@�����@�� (down field) ��X@
�����	��)�8	��$
���� ���������X@
���7�	
����	�����G
�V��9�
�(����7���@�	��GE��>��?����)	L)G
�������	
��
����
� ���7�)�)���I�)�����7�	 
[Cu(PPh3)2(dmtu)Cl], [Cu(PPh3)2(dmtu)Br] 8)�[Cu(PPh3)2(dmtu)I] (Satyanarayana et al., 2004) 
 �E@�H)7�		����@V���uu�MG
�|(NH) ����
�?�GM���@��uu�MG
� S-H ����
�
��"���	� �����c�X�������!"� ������)�9�
�:��������?��:�G
�)�8	��$8)�������	
��
����
�

�:"?��:�G
� thione (Skoulika et al., 1991) 
 
�������@ 4.2 8���#"� chemical shift G
� |(NH) 
 

������	
� δ N-H (ppm) 
dmtu 7.34 

[Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 8.72 

[Cu(PPh3)2(dmtu)Br] 8.38 
[Cu(PPh3)2(dmtu)I] 8.21 

  
��� ���	��13C NMR  G
�)�8	��$���34��)3
�34�?�������	
��
����
�	��)�8	��$


�������34��)3
�34� V�!"���"��	����)�@��8�)���@���#�u ��� ���#"� chemical shift G
� C=S ?�
)�8	��$������)�9�
�:����?�������	
��
����
���X@
�����	��)�8	��$
���� V�!"���	��
��)�@��8�)�#"� chemical shift ��@�����:� ( upfield) ���������I�H)��7�		��	�����G
�
��)b	��
���@
��	GE�� �E@������c
9�������!"� C=S �� bond order ��@)�)���X@
�7�	��	���#

�$����� �����	��

��)�@��8�)�G
�#!�� ��8�"�G
�
��)b	��
�7�	 N→C �VX@
�����V��9�H"��
��
�G
�
#��$�
� (C=S) H)7�	���������? � C-N ��#!����I�V��9�#:"��	GE��8)�
��
�G
�#��$�
���@�"

	��
��
�G
���)�3
�$c:		�����7�	
��)b	��
��V�@���	GE�� #"� chemical shift )��@��)� 8������
�������@ 4.3 
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�������@  4.3 8���#"� chemical shift G
� C=S 
 

������	
� δ C=S (ppm) 
dmtu 182.88 

[Cu(PPh3)2(dmtu)Cl]⋅ 0.5 CH3CN 179.82 

[Cu(PPh3)2(dmtu)Br] 178.20 
[Cu(PPh3)2(dmtu)I] 178.11 

 

4.6 �
�/0�1
*������
�)���
�������������� *�+'����� ���
����?+��� )�����������
� ��0�

����+� 

4.6.1 �#�������G
�������	
��
����
�  [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 
 7�		��DE	F����?
���#��#	���)���!���G
�������
	�$��H)E	���@�! V�!"�  ������	
�

�
����
� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN  �	H)E	
�:"?������
��#)���	  �:"���>:��  P21/n  ��
7���!����)	L)?� �"!���))$��"�	�� 4 ����))$V�������
�$ ������ a = 13.7503(4) Å , b = 30.0495(9) 
Å, c = 18.4227(5) Å,  β = 90.8740(10)o�#�������G
�������	
��
����
�7����	
�����!�   
[Cu(PPh3)2(dmtu)Cl]  2 ���)	L)��@��I�
����	�� (two independent molecules) ����:�������
��G�#M���
�
��
�#
���
�$G
����� 2 ���)	L) ��I�8������ )�@����@ �����@��������! ����
�

��
�#
���
�$7����	
�����!�  �E@�V��9���@�����	���(�)�$  �E@�V��9���@�����	����)�3
�$
7�	)�8	��$������)�9�
�:���� 8)��
�V��9���@�����	��3
�3
���7�	)�8	��$���34��)3
�34�
7���!� 2 ���)	L)  
 ��X@
V�7��M��L��
� W 
��
�G
�#
���
�$V�!"���)�	FM���@#)���#)X@
���7�	 �L����
��@ ����	�� (109.4 o) 8���?��������@ 4.5�����I�H)��7�	#!���	�	�G
�)�8	��$���34��)3
�
34���@��G���? u" �E@��
�#)�
�	��H)	��DE	F�	"
� ������[Cu(PPh3)2(py2SH)Cl](P-Cu-
P=122.41(11), P-Cu-Cl = 112.01 (10), P-Cu-Cl = 99.17(9), P-Cu-S = 102.38(13) o)(Aslanidis et 
al., 1998) 
 ��X@
V�7��M�#!����!V��9��
�
��
�#
���
�$������	
��
����
�  
[Cu(PPh3)2(dmtu)Cl] ���8���?��������@ 4.5 ��#!��?	)��#���	��#!����!V��9��
�
��
� #
�
��
�$������	
��
����
� [Cu(PPh3)2(bztzdtH)Cl] (Cu-P(1) = 2.269(2), Cu-P(2) = 2.285(3), Cu-
S = 2.37(3), Cu-Cl = 2.40(2) Å)(Cox et al., 1999) 8)� [Cu(PPh3)2(py2SH)Cl] (Cu-Cl = 2.344(3), 
Cu-P(1) = 2.287(3), Cu-P(2) = 2.298(2), Cu-S = 2.418(5) Å)( Aslanidis et al., 1998) 
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 �
	7�	���?�������	
��
����
� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN �	��V��9�
�(����7��� !"�� N(2)-H(2)---Cl(1) 8)������8����@�	��GE���� !"�����)	L)�� !"�� N(1B)-
H(1B)---Cl(1A)���8��	��������	)"�!������? �������	
��
����
���#!����c���?��>�!�
G
�8Gb� ���8���?��������@ 4.4 
 
�������@ 4.4 8���
����	�����G
�V��9��(����7�?�������	
��
����
� 
 

#!����!V��9� (Å) �L�V��9�
(o) 

������	
�
�
����
� 

D-H---A 

D-H H---A D---A D-H---A 
[Cu(PPh3)2(dmtu)Cl] 
���)	L) A 

N(2)-H(2)---Cl(1) 
N(1A)-H(1A)---Cl(1B) 

0.876(18) 
0.875(18) 

2.326(19) 
2.43(2) 

3.197(3) 
3.234(3) 

173(3) 
153(3) 

[Cu(PPh3)2(dmtu)Cl] 
���)	L) B 

N(2)-H(2)---Cl(1) 
N(1B)-H(1B)---Cl(1A) 

0.879(18) 
0.869(18) 

2.36(2) 
2.47(2) 

3.230(3) 
3.262(3) 

169(3) 
152(3) 

[Cu(PPh3)2(dmtu)Br] N(2)-H(2)---Br(1) 0.899(17) 2.429(18) 3.327(2) 176(3) 
[Cu(PPh3)2(dmtu)I] N(1)-H(1)---I(1) 0.86 2.99 3.781(2) 153.5 
 
 ���� �L: D = Donor atom 
  A = Acceptor atom     
    
4.6.2 �#�������G
�������	
��
����
�  [Cu(PPh3)2(dmtu)Br] 8)�[Cu(PPh3)2(dmtu)I] 
 7�		��DE	F����?
���#��#	���)���!���G
�������
	�$��H)E	���@�! V�!"�  ������	
�
�
����
� [Cu(PPh3)2(dmtu)Br]  �	H)E	
�:"?������
��#)���	  �:"���>:��  P21/c ��7���!����)	L)
?� �"!���))$��"�	�� 4 ����))$V�������
�$ ������ a = 9.7886(3) Å,  b = 17.6205(6) Å, c = 
21.6517(7) Å, β = 100.6460(10)o 8)�������	
��
����
� [Cu(PPh3)2(dmtu)I] �	H)E	
�:"?�
�����
��#)���	  �:"���>:��  P21/c ��7���!����)	L)?� �"!���))$��"�	�� 4 ����))$V�������
�$ 
������ a = 10.8474(5) Å, b = 17.3669(7) Å, c = 19.9418(9) Å, β = 100.038(1)o �����@������	
�
�
����
������
� ��I� isomorphous 	��������#���������@� �X
�	��  
 ��X@
V�7��M�#!����!V��9��
�
��
�#
���
�$������	
��
����
�  
[Cu(PPh3)2(dmtu)Br] 8)� [Cu(PPh3)2(dmtu)I] ���8���?��������@ ��#!��?	)��#���	��#!����!
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V��9��
�
��
�#
���
�$?�������	
��
����
� [Cu(PPh3)2(meimtH)Br] (Cu-Br = 2.509(0), 
Cu-S= 2.375(1), Cu-P(1) = 2.268(1), Cu-P(2) = 2.281(1) Å) (Karagiannidis et al., 1990)           
8)�  [Cu(PPh3)2(pymtH)I] (Cu-I = 2.674(2), Cu-S= 2.338(4), Cu-P(1) = 2.296(4), Cu-P(2) = 
2.303(4) Å) (Aslanidis et al., 1993) 
 ��X@
V�7��M��L��
� W 
��
�G
�#
���
�$V�!"�
�:"?�
"!� 99.98(2)- 122.90(2) o 8)� 
101.67(2)- 119.31(2) o?�������	
��
����
�  [Cu(PPh3)2(dmtu)Br] 8)� [Cu(PPh3)2(dmtu)I]   
���)����� ��)�	FM���@#)���#)X@
���7�	 �L������@ ����	�� (109.4 o) 8���?��������@4.5 �E@�
�
�#)�
�	��H)	��DE	F�	"
� ������ [Cu(PPh3)2(pymtH)Br] (Br-Cu-P(1) = 108.0(1),                
Br-Cu-P(2) = 111.0(1), Br-Cu-S = 108.2(1), P(1)-Cu-P(2) = 112.9(1),P(1)-Cu-S = 106.5(1),    
P(2)-Cu-S = 110.0(1) o) (Lecomte et al., 1989 )8)� [Cu(PPh3)2(pymtH)I] (I-Cu-S = 116.5(1),      
I-Cu-P(1) = 103.6(1), S-Cu-P(1) = 105.4(1), S-Cu-P(2) = 103.4(1), P(1)-Cu-P(2) = 125.3(1) o ) 
(Aslanidis et al., 1993) 
 �
	7�	���?�������	
��
����
� [Cu(PPh3)2(dmtu)Br] 8)� [Cu(PPh3)2(dmtu)I] �	��
V��9��(����7��� !"�� N(2)-H(2)---Br(1) 8)� N(1)-H(1)---I(1) ���)����� 
 7�	G�
�:)V��9��(����7�G
�������	
��
����
����� 3 
��� V�!"�#!��8Gb�8��G
�
V��9��(����7�?� [Cu(PPh3)2(dmtu)Cl] > [Cu(PPh3)2(dmtu)Br]> [Cu(PPh3)2(dmtu)I] ���
V�7��M�7�	#!����!V��9�G
� H---A ?������ c��#!����!V��9�G
� H---A ��#"���
�8���!"�
V��9���#!��8Gb�8����	 
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Cu1 XP1

P2

S1

�������@ 4.5 8���#!����!V��9�8)��L�V��9��
�
��
�G
�#
���
�$ 
 
 
 
 
 
������	
��
����
� 

 
[Cu(PPh3)2(dmtu)Cl]⋅ 
0.5CH3CN 

[Cu(PPh3)2(dmtu)Br] [Cu(PPh3)2(dmtu)I] 

Cu1-X 2.4014(9)a 

2.3956(9)b 
2.5423(3) 2.7093(3) 

Cu1-S1 2.3716(10) a 
2.3857(9) b 

2.3611(6) 2.3704(6) 

Cu1-P1 2.2847(9) a 
2.2989(9) b 

2.2746(5) 2.2951(6) 

Cu1-P2 2.2850(9) a 
2.2831(9) b 

2.2923(6) 2.3121(6) 

P1-Cu1-P2 124.71(3) a 
120.07(3) b 

122.90(2) 115.74(2) 

P1-Cu1-S1 107.56(4) a 
106.08(3) b 

99.98(2) 101.67(2) 

P2-Cu1-S1 104.04(4) a 
108.79(3) b 

114.16(2) 119.31(2) 

P1-Cu1-X 104.71(3) a 
105.37(3) b 

104.351(16) 103.010(17) 

P2-Cu1-X 103.01(3) a 
107.62(3) b 

105.901(17) 107.645(17) 

S1-Cu1-X 112.92(3) a 
108.45(3) b 

108.650(19) 108.118(19) 

a 8�����)	L) A 
b 8�����)	L) B 
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����� 5 
 

��	
��
������� 

 
�����	
���
���
����������������������
������ ���������!�"��#$��%����������(I) 

�)*+,��
!+�-��,�*��./��+.��.0�(PPh3) -+�+�-��,�*,����+*45��6����(dmtu) *,$��������!

�"��#$�� 3 "��,*,$-�; [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN, [Cu(PPh3)2(dmtu)Br]-+�  
[Cu(PPh3)2(dmtu)I] ��$���

������������6��-+�5�����$���������5,�I"$����������+�
���!�
%���
������#�!�J+K��,���� �!�;� ��������!�"��#$�� [Cu(PPh3)2(dmtu)Cl]  ��J+K���6;I���!!
��5��+����  �6;���L6��  P21/n  ��	�����5��+��+I� �;���#++���;��
! 8 ���#++������������ ,
���
 a 
= 13.7503(4) Å , b = 30.0495(9) Å, c = 18.4227(5) Å, β = 90.8740(10)o ��� �
!��������!
�"��#$�� [Cu(PPh3)2(dmtu)Br]  ��J+K���6;I���!!5�5��+����  �6;���L6��  P21/c ��	�����5��+��+
I� �;���#++���;��
! 4 ���#++������������,
���
 a = 9.7886(3) Å,  b = 17.6205(6) Å, c = 
21.6517(7) Å, β = 100.6460(10)o  ��� �
!��������![Cu(PPh3)2(dmtu)I] ��J+K���6;I���!!5�
5��+����  �6;���L6��  P21/n ��	�����5��+��+I� �;���#++���;��
! 4  ���#++������������,
���
   a = 
10.8474(5) Å, b = 17.3669(7) Å, c = 19.9418(9) Å, β = 100.038(1)o 5,��6���������%��U����!
�������������%����������!�"��#$���

� 3 "��,  ��V�-!!���� +������� �$����!�,�!�
�� 
5,���!�������������	������!*�,$��  �K���
�4������$���
!�)*+,�  �K���
�4������$��
�
!#
+�.���	��+�-��,�*,����+*45��6���� -+�����
�4������$���
!.��.��
�	��+�-��,�*��.0
��+.��.0�	����� 2 5��+��+  

	���

�*,$WK�X���!
���������-+���U��!
��������L��%����������!�"��#$�����
�
������ �*,$ -+�WK�X����������!%����������!�"��#$�����������*,$ 5,�I"$���������
���#����.6������#�#�����5���5��0 ������.6������������.�������.����,����5���5��0-+�
������.6������������.���������+����-���������5#-��#�����5���5��0-+�������� � ������U
�$��+�%��4��������V����������!%����������!�"��#$���

�3 "��,�������V��������
�5�����$��
���*,$	������������+�
���!�%���
������#�!�J+K��,���� #K���!�;�%$��6+���*,$��,�+$���
� 
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%$�����-����� �
!J6$��I	���	������	
��;�*� 
1. ��+����I"$-��*�������� Y -���)*+,� �";� *����, (NO3

-), *45�*#����� (SCN-)  
2. I"$5+ � �6;����Y -���������� �";� Ag(I) 
3. �����������!�"��#$�����*,$*���V�-!!��;��I�����
������ ���������!�"��#$��

���� Y �����5�����$��-!!�,����
� ����+$���
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��
����� (Crystallographic data) 

 

������	
 1 �
����
��������
���������� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 

 

�����                 �
����
����� (Å) 

                                                         
������� A 

 
   Cu(1A)-P(1A) 2.2847(9) 

Cu(1A)-P(2A)   2.2850(9) 

Cu(1A)-S(1A)   2.3716(10) 

   Cu(1A)-Cl(1A)   2.4014(9) 

S(1A)-C(37A)   1.709(3) 

N(1A)-C(37A)  1.331(4) 

N(1A)-C(38A)   1.453(5) 

N(1A)-H(1AA)   0.875(18) 

N(2A)-C(37A)   1.315(4) 

N(2A)-C(39A)   1.444(4) 

N(2A)-H(2AA)   0.876(18) 

P(1A)-C(7A)   1.832(3) 

P(1A)-C(13A)   1.835(3) 

P(1A)-C(1A)   1.838(3) 

P(2A)-C(25A)   1.825(3) 

P(2A)-C(19A)   1.830(4) 

P(2A)-C(31A)   1.834(4) 

C(1A)-C(6A)   1.358(5) 

C(1A)-C(2A)   1.363(5) 

C(2A)-C(3A)   1.389(6) 

C(2A)-H(2A)   0.9300 

C(3A)-C(4A)   1.348(7) 
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������	
 1 (��6) 

 

             �����             �
����
����� (Å) 

 

C(3A)-H(3A)   0.9300 

C(4A)-C(5A)   1.349(7) 

C(4A)-H(4A)   0.9300 

C(5A)-C(6A)   1.384(6) 

C(5A)-H(5A)   0.9300 

C(6A)-H(6A)   0.9300 

C(7A)-C(8A)   1.376(5) 

C(7A)-C(12A)   1.378(5) 

C(8A)-C(9A)   1.380(5) 

C(8A)-H(8A)   0.9300 

C(9A)-C(10A)   1.348(6) 

C(9A)-H(9A)   0.9300 

C(10A)-C(11A)   1.365(6) 

C(10A)-H(10A)   0.9300 

C(11A)-C(12A)   1.378(5) 

C(11A)-H(11A)   0.9300 

C(12A)-H(12A)   0.9300 

C(13A)-C(18A)   1.373(5) 

C(13A)-C(14A)   1.380(5) 

C(14A)-C(15A)   1.386(5) 

C(14A)-H(14A)   0.9300 

C(15A)-C(16A)   1.357(6) 

C(15A)-H(15A)   0.9300 

C(16A)-C(17A)   1.359(6) 

C(16A)-H(16A)   0.9300 

C(17A)-C(18A)   1.386(6) 
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������	
 1 (��6) 

 

             �����             �
����
����� (Å) 

 

C(17A)-H(17A)   0.9300 

C(18A)-H(18A)   0.9300 

C(19A)-C(24A)   1.368(5) 

C(19A)-C(20A)   1.377(5) 

C(20A)-C(21A)   1.380(6) 

C(20A)-H(20A)   0.9300 

C(21A)-C(22A)   1.345(7) 

C(21A)-H(21A)   0.9300 

C(22A)-C(23A)   1.340(7) 

C(22A)-H(22A)   0.9300 

C(23A)-C(24A)   1.395(6) 

C(23A)-H(23A)   0.9300 

C(24A)-H(24A)   0.9300 

C(25A)-C(30A)   1.372(5) 

C(25A)-C(26A)   1.379(5) 

C(26A)-C(27A)   1.387(6) 

C(26A)-H(26A)   0.9300 

C(27A)-C(28A)   1.339(7) 

C(27A)-H(27A)   0.9300 

C(28A)-C(29A)   1.357(6) 

C(28A)-H(28A)   0.9300 

C(29A)-C(30A)   1.379(5) 

C(29A)-H(29A)   0.9300 

C(30A)-H(30A)   0.9300 

C(31A)-C(32A)   1.353(5) 

C(31A)-C(36A)   1.376(5) 
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������	
 1 (��6) 

 

  �����             �
����
����� (Å) 

 

C(32A)-C(33A)   1.396(6) 

C(32A)-H(32A)   0.9300 

C(33A)-C(34A)   1.351(7) 

C(33A)-H(33A)   0.9300 

C(34A)-C(35A)   1.342(7) 

C(34A)-H(34A)   0.9300 

C(35A)-C(36A)   1.378(6) 

C(35A)-H(35A)   0.9300 

C(36A)-H(36A)   0.9300 

C(38A)-H(38D)   0.9600 

C(38A)-H(38E)   0.9600 

C(38A)-H(38F)   0.9600 

C(39A)-H(39A)   0.9600 

C(39A)-H(39B)   0.9600 

C(39A)-H(39C)   0.9600 

 

                                                              ������� B 

 
Cu(1B)-P(2B)   2.2831(9) 

Cu(1B)-P(1B)   2.2989(9) 

Cu(1B)-S(1B)   2.3857(9) 

Cu(1B)-Cl(1B)   2.3956(9) 

S(1B)-C(37B)   1.709(3) 

N(1B)-C(37B)   1.325(4) 

N(1B)-C(38B)   1.440(5) 

N(1B)-H(1BB)   0.869(18) 
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������	
 1 (��6) 

 

   �����                    �
����
����� (Å) 

 

N(2B)-C(37B)   1.323(4) 

N(2B)-C(39B)   1.451(5) 

N(2B)-H(2BB)   0.879(18) 

P(1B)-C(1B)   1.833(3) 

P(1B)-C(7B)   1.834(3) 

P(1B)-C(13B)   1.836(3) 

P(2B)-C(25B)   1.820(3) 

P(2B)-C(19B)   1.834(3) 

P(2B)-C(31B)   1.837(3) 

C(1B)-C(6B)   1.378(5) 

C(1B)-C(2B)   1.380(5) 

C(2B)-C(3B)   1.386(5) 

C(2B)-H(2B)   0.9300 

C(3B)-C(4B)   1.354(6) 

C(3B)-H(3B)   0.9300 

C(4B)-C(5B)   1.367(6) 

C(4B)-H(4B)   0.9300 

C(5B)-C(6B)   1.386(5) 

C(5B)-H(5B)   0.9300 

C(6B)-H(6B)   0.9300 

C(7B)-C(12B)   1.377(5) 

C(7B)-C(8B)   1.378(5) 

C(8B)-C(9B)   1.377(6) 

C(8B)-H(8B)   0.9300 

C(9B)-C(10B)   1.380(6) 

C(9B)-H(9B)   0.9300 
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������	
 1 (��6) 

 

�����             �
����
����� (Å) 

 

C(10B)-C(11B)   1.359(6) 

C(10B)-H(10B)   0.9300 

C(11B)-C(12B)   1.368(5) 

C(11B)-H(11B)   0.9300 

C(12B)-H(12B)   0.9300 

C(13B)-C(14B)   1.363(5) 

C(13B)-C(18B)   1.382(5) 

C(14B)-C(15B)   1.388(6) 

C(14B)-H(14B)   0.9300 

C(15B)-C(16B)   1.351(7) 

C(15B)-H(15B)   0.9300 

C(16B)-C(17B)   1.349(7) 

C(16B)-H(16B)   0.9300 

C(17B)-C(18B)   1.380(6) 

C(17B)-H(17B)   0.9300 

C(18B)-H(18B)   0.9300 

C(19B)-C(20B)   1.378(5) 

C(19B)-C(24B)   1.381(5) 

C(20B)-C(21B)   1.378(5) 

C(20B)-H(20B)   0.9300 

C(21B)-C(22B)   1.357(6) 

C(21B)-H(21B)   0.9300 

C(22B)-C(23B)   1.362(6) 

C(22B)-H(22B)   0.9300 

C(23B)-C(24B)   1.399(5) 
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������	
 1 (��6) 

 

�����             �
����
����� (Å) 

 

C(23B)-H(23B)   0.9300 

C(24B)-H(24B)   0.9300 

C(25B)-C(30B)   1.384(5) 

C(25B)-C(26B)   1.393(5) 

C(26B)-C(27B)   1.374(5) 

C(26B)-H(26B)   0.9300 

C(27B)-C(28B)   1.367(6) 

C(27B)-H(27B)   0.9300 

C(28B)-C(29B)   1.359(6) 

C(28B)-H(28B)   0.9300 

C(29B)-C(30B)   1.387(5) 

C(29B)-H(29B)   0.9300 

C(30B)-H(30B)   0.9300 

C(31B)-C(36B)   1.378(5) 

C(31B)-C(32B)   1.382(5) 

C(32B)-C(33B)   1.378(5) 

C(32B)-H(32B)   0.9300 

C(33B)-C(34B)   1.371(6) 

C(33B)-H(33B)   0.9300 

C(34B)-C(35B)   1.370(5) 

C(34B)-H(34B)   0.9300 

C(35B)-C(36B)   1.384(5) 

C(35B)-H(35B)   0.9300 

C(36B)-H(36B)   0.9300 

C(38B)-H(38A)   0.9600 
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������	
 1 (��6) 

 

�����             �
����
����� (Å) 

 

C(38B)-H(38B)   0.9600 

C(38B)-H(38C)   0.9600 

C(39B)-H(39D)   0.9600 

C(39B)-H(39E)   0.9600 

C(39B)-H(39F)   0.9600 

C(1)-C(2)   1.436(8) 

C(1)-H(1A)   0.9600 

C(1)-H(1B)   0.9600 

C(1)-H(1C)   0.9600 

C(2)-N(3)   1.116(7) 
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������	
 2 �����������
���6��6�;��������[Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 

 

�����                    ��������( <) 

 

                                                              ������� A 

P(1A)-Cu(1A)-P(2A)  124.71(3) 

P(1A)-Cu(1A)-S(1A)  107.56(4) 

P(2A)-Cu(1A)-S(1A)  104.04(4) 

P(1A)-Cu(1A)-Cl(1A)  104.71(3) 

P(2A)-Cu(1A)-Cl(1A)  103.01(3) 

S(1A)-Cu(1A)-Cl(1A)  112.92(3) 

C(37A)-S(1A)-Cu(1A)  111.93(12) 

C(37A)-N(1A)-C(38A)  124.4(3) 

C(37A)-N(1A)-H(1AA)  120(3) 

C(38A)-N(1A)-H(1AA)  116(3) 

C(37A)-N(2A)-C(39A)  125.5(3) 

C(37A)-N(2A)-H(2AA)  114(2) 

C(39A)-N(2A)-H(2AA)  120(2) 

C(7A)-P(1A)-C(13A)  102.24(15) 

C(7A)-P(1A)-C(1A)  102.89(15) 

C(13A)-P(1A)-C(1A)  105.54(16) 

C(7A)-P(1A)-Cu(1A)  115.08(11) 

C(13A)-P(1A)-Cu(1A)  114.40(11) 

C(1A)-P(1A)-Cu(1A)  115.16(11) 

C(25A)-P(2A)-C(19A)  103.78(17) 

C(25A)-P(2A)-C(31A)  103.71(16) 

C(19A)-P(2A)-C(31A)  103.47(17) 

C(25A)-P(2A)-Cu(1A)  115.18(12) 

C(19A)-P(2A)-Cu(1A)  116.67(12) 

C(31A)-P(2A)-Cu(1A)  112.51(12) 
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������	
 2 (��6) 

 

�����                    �������� ( <) 

 

C(6A)-C(1A)-C(2A)  117.2(4) 

C(6A)-C(1A)-P(1A)  117.2(3) 

C(2A)-C(1A)-P(1A)  125.6(3) 

C(1A)-C(2A)-C(3A)  120.9(4) 

C(1A)-C(2A)-H(2A)  119.5 

C(3A)-C(2A)-H(2A)  119.5 

C(4A)-C(3A)-C(2A)  120.6(4) 

C(4A)-C(3A)-H(3A)  119.7 

C(2A)-C(3A)-H(3A)  119.7 

C(3A)-C(4A)-C(5A)  119.5(4) 

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

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

C(4A)-C(5A)-C(6A)  119.7(5) 

C(4A)-C(5A)-H(5A)  120.2 

C(6A)-C(5A)-H(5A)  120.2 

C(1A)-C(6A)-C(5A)  122.2(4) 

C(1A)-C(6A)-H(6A)  118.9 

C(5A)-C(6A)-H(6A)  118.9 

C(8A)-C(7A)-C(12A)  116.8(3) 

C(8A)-C(7A)-P(1A)  118.7(3) 

C(12A)-C(7A)-P(1A)  124.6(3) 

C(7A)-C(8A)-C(9A)  121.6(4) 

C(7A)-C(8A)-H(8A)  119.2 

C(9A)-C(8A)-H(8A)  119.2 

C(10A)-C(9A)-C(8A)  120.3(4) 

C(10A)-C(9A)-H(9A)  119.8 
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 2 (��6) 

 

�����                    �������� ( <) 

 

C(8A)-C(9A)-H(9A)  119.8 

C(9A)-C(10A)-C(11A)  119.5(4) 

C(9A)-C(10A)-H(10A)  120.3 

C(11A)-C(10A)-H(10A)  120.3 

C(10A)-C(11A)-C(12A)  120.2(4) 

C(10A)-C(11A)-H(11A)  119.9 

C(12A)-C(11A)-H(11A)  119.9 

C(7A)-C(12A)-C(11A)  121.4(4) 

C(7A)-C(12A)-H(12A)  119.3 

C(11A)-C(12A)-H(12A)  119.3 

C(18A)-C(13A)-C(14A)  118.2(3) 

C(18A)-C(13A)-P(1A)  123.6(3) 

C(14A)-C(13A)-P(1A)  118.2(3) 

C(13A)-C(14A)-C(15A)  120.6(4) 

C(13A)-C(14A)-H(14A)  119.7 

C(15A)-C(14A)-H(14A)  119.7 

C(16A)-C(15A)-C(14A)  120.1(4) 

C(16A)-C(15A)-H(15A)  120.0 

C(14A)-C(15A)-H(15A)  120.0 

C(15A)-C(16A)-C(17A)  120.3(4) 

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

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

C(16A)-C(17A)-C(18A)  119.9(4) 

C(16A)-C(17A)-H(17A)  120.1 

C(18A)-C(17A)-H(17A)  120.1 

C(13A)-C(18A)-C(17A)  121.0(4) 
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������	
 2 (��6) 

 

�����                    �������� ( <) 

 

C(13A)-C(18A)-H(18A)  119.5 

C(17A)-C(18A)-H(18A)  119.5 

C(24A)-C(19A)-C(20A)  117.7(4) 

C(24A)-C(19A)-P(2A)  124.8(3) 

C(20A)-C(19A)-P(2A)  117.4(3) 

C(19A)-C(20A)-C(21A)  120.6(4) 

C(19A)-C(20A)-H(20A)  119.7 

C(21A)-C(20A)-H(20A)  119.7 

C(22A)-C(21A)-C(20A)  121.0(5) 

C(22A)-C(21A)-H(21A)  119.5 

C(20A)-C(21A)-H(21A)  119.5 

C(23A)-C(22A)-C(21A)  119.3(5) 

C(23A)-C(22A)-H(22A)  120.3 

C(21A)-C(22A)-H(22A)  120.3 

C(22A)-C(23A)-C(24A)  120.9(5) 

C(22A)-C(23A)-H(23A)  119.5 

C(24A)-C(23A)-H(23A)  119.5 

C(19A)-C(24A)-C(23A)  120.3(5) 

C(19A)-C(24A)-H(24A)  119.8 

C(23A)-C(24A)-H(24A)  119.8 

C(30A)-C(25A)-C(26A)  117.1(4) 

C(30A)-C(25A)-P(2A)  118.6(3) 

C(26A)-C(25A)-P(2A)  124.3(3) 

C(25A)-C(26A)-C(27A)  120.1(4) 

C(25A)-C(26A)-H(26A)  120.0 

C(27A)-C(26A)-H(26A)  120.0 
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������	
 2 (��6) 

 

�����                    �������� ( <) 

 

C(28A)-C(27A)-C(26A)  121.7(5) 

C(28A)-C(27A)-H(27A)  119.1 

C(26A)-C(27A)-H(27A)  119.1 

C(27A)-C(28A)-C(29A)  119.0(4) 

C(27A)-C(28A)-H(28A)  120.5 

C(29A)-C(28A)-H(28A)  120.5 

C(28A)-C(29A)-C(30A)  120.2(5) 

C(28A)-C(29A)-H(29A)  119.9 

C(30A)-C(29A)-H(29A)  119.9 

C(25A)-C(30A)-C(29A)  121.8(4) 

C(25A)-C(30A)-H(30A)  119.1 

C(29A)-C(30A)-H(30A)  119.1 

C(32A)-C(31A)-C(36A)  117.7(4) 

C(32A)-C(31A)-P(2A)  124.7(3) 

C(36A)-C(31A)-P(2A)  117.5(3) 

C(31A)-C(32A)-C(33A)  120.9(5) 

C(31A)-C(32A)-H(32A)  119.5 

C(33A)-C(32A)-H(32A)  119.5 

C(34A)-C(33A)-C(32A)  119.8(5) 

C(34A)-C(33A)-H(33A)  120.1 

C(32A)-C(33A)-H(33A)  120.1 

C(35A)-C(34A)-C(33A)  120.4(5) 

C(35A)-C(34A)-H(34A)  119.8 

C(33A)-C(34A)-H(34A)  119.8 

C(34A)-C(35A)-C(36A)  119.7(5) 

C(34A)-C(35A)-H(35A)  120.1 
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������	
 2 (��6) 

 

�����                    �������� ( <) 

 

C(36A)-C(35A)-H(35A)  120.1 

C(31A)-C(36A)-C(35A)  121.5(4) 

C(31A)-C(36A)-H(36A)  119.3 

C(35A)-C(36A)-H(36A)  119.3 

N(2A)-C(37A)-N(1A)  118.5(3) 

N(2A)-C(37A)-S(1A)  121.2(3) 

N(1A)-C(37A)-S(1A)  120.3(3) 

N(1A)-C(38A)-H(38D)  109.5 

N(1A)-C(38A)-H(38E)  109.5 

H(38D)-C(38A)-H(38E)  109.5 

N(1A)-C(38A)-H(38F)  109.5 

H(38D)-C(38A)-H(38F)  109.5 

H(38E)-C(38A)-H(38F)  109.5 

N(2A)-C(39A)-H(39A)  109.5 

N(2A)-C(39A)-H(39B)  109.5 

H(39A)-C(39A)-H(39B)  109.5 

N(2A)-C(39A)-H(39C)  109.5 

H(39A)-C(39A)-H(39C)  109.5 

H(39B)-C(39A)-H(39C)  109.5 

 

                                                          ������� B 

P(2B)-Cu(1B)-P(1B)  120.07(3) 

P(2B)-Cu(1B)-S(1B)  106.08(3) 

P(1B)-Cu(1B)-S(1B)  108.79(3) 

P(2B)-Cu(1B)-Cl(1B)  105.37(3) 

P(1B)-Cu(1B)-Cl(1B)  107.62(3) 
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 2 (��6) 

 

�����                    �������� ( <) 

 

S(1B)-Cu(1B)-Cl(1B)  108.45(3) 

C(37B)-S(1B)-Cu(1B)  109.86(12) 

C(37B)-N(1B)-C(38B)  124.9(3) 

C(37B)-N(1B)-H(1BB)  119(3) 

C(38B)-N(1B)-H(1BB)  116(3) 

C(37B)-N(2B)-C(39B)  124.9(3) 

C(37B)-N(2B)-H(2BB)  116(3) 

C(39B)-N(2B)-H(2BB)  119(3) 

C(1B)-P(1B)-C(7B)  103.14(15) 

C(1B)-P(1B)-C(13B)  102.46(15) 

C(7B)-P(1B)-C(13B)  101.02(16) 

C(1B)-P(1B)-Cu(1B)  116.22(10) 

C(7B)-P(1B)-Cu(1B)  114.62(11) 

C(13B)-P(1B)-Cu(1B)  117.19(12) 

C(25B)-P(2B)-C(19B)  102.78(15) 

C(25B)-P(2B)-C(31B)  105.67(15) 

C(19B)-P(2B)-C(31B)  99.76(15) 

C(25B)-P(2B)-Cu(1B)  114.17(11) 

C(19B)-P(2B)-Cu(1B)  115.73(11) 

C(31B)-P(2B)-Cu(1B)  116.81(11) 

C(6B)-C(1B)-C(2B)  118.3(3) 

C(6B)-C(1B)-P(1B)  118.5(3) 

C(2B)-C(1B)-P(1B)  123.1(3) 

C(1B)-C(2B)-C(3B)  120.4(4) 

C(1B)-C(2B)-H(2B)  119.8 

C(3B)-C(2B)-H(2B)  119.8 
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 2 (��6) 

 

�����                    �������� ( <) 

 

C(4B)-C(3B)-C(2B)  120.8(4) 

C(4B)-C(3B)-H(3B)  119.6 

C(2B)-C(3B)-H(3B)  119.6 

C(3B)-C(4B)-C(5B)  119.6(4) 

C(3B)-C(4B)-H(4B)  120.2 

C(5B)-C(4B)-H(4B)  120.2 

C(4B)-C(5B)-C(6B)  120.3(4) 

C(4B)-C(5B)-H(5B)  119.9 

C(6B)-C(5B)-H(5B)  119.9 

C(1B)-C(6B)-C(5B)  120.6(4) 

C(1B)-C(6B)-H(6B)  119.7 

C(5B)-C(6B)-H(6B)  119.7 

C(12B)-C(7B)-C(8B)  117.9(3) 

C(12B)-C(7B)-P(1B)  124.8(3) 

C(8B)-C(7B)-P(1B)  117.2(3) 

C(9B)-C(8B)-C(7B)  120.6(4) 

C(9B)-C(8B)-H(8B)  119.7 

C(7B)-C(8B)-H(8B)  119.7 

C(8B)-C(9B)-C(10B)  120.1(4) 

C(8B)-C(9B)-H(9B)  120.0 

C(10B)-C(9B)-H(9B)  120.0 

C(11B)-C(10B)-C(9B)  119.6(4) 

C(11B)-C(10B)-H(10B)  120.2 

C(9B)-C(10B)-H(10B)  120.2 

C(10B)-C(11B)-C(12B)  120.1(4) 

C(10B)-C(11B)-H(11B)  120.0 
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�����                    �������� ( <) 

 

C(12B)-C(11B)-H(11B)  120.0 

C(11B)-C(12B)-C(7B)  121.6(4) 

C(11B)-C(12B)-H(12B)  119.2 

C(7B)-C(12B)-H(12B)  119.2 

C(14B)-C(13B)-C(18B)  118.0(4) 

C(14B)-C(13B)-P(1B)  119.3(3) 

C(18B)-C(13B)-P(1B)  122.7(3) 

C(13B)-C(14B)-C(15B)  120.8(4) 

C(13B)-C(14B)-H(14B)  119.6 

C(15B)-C(14B)-H(14B)  119.6 

C(16B)-C(15B)-C(14B)  120.6(5) 

C(16B)-C(15B)-H(15B)  119.7 

C(14B)-C(15B)-H(15B)  119.7 

C(17B)-C(16B)-C(15B)  119.3(5) 

C(17B)-C(16B)-H(16B)  120.3 

C(15B)-C(16B)-H(16B)  120.3 

C(16B)-C(17B)-C(18B)  120.9(5) 

C(16B)-C(17B)-H(17B)  119.5 

C(18B)-C(17B)-H(17B)  119.5 

C(17B)-C(18B)-C(13B)  120.4(5) 

C(17B)-C(18B)-H(18B)  119.8 

C(13B)-C(18B)-H(18B)  119.8 

C(20B)-C(19B)-C(24B)  118.7(3) 

C(20B)-C(19B)-P(2B)  117.0(3) 

C(24B)-C(19B)-P(2B)  124.3(3) 

C(21B)-C(20B)-C(19B)  121.2(4) 
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�����                    �������� ( <) 

 

C(21B)-C(20B)-H(20B)  119.4 

C(19B)-C(20B)-H(20B)  119.4 

C(22B)-C(21B)-C(20B)  119.7(4) 

C(22B)-C(21B)-H(21B)  120.1 

C(20B)-C(21B)-H(21B)  120.1 

C(21B)-C(22B)-C(23B)  120.6(4) 

C(21B)-C(22B)-H(22B)  119.7 

C(23B)-C(22B)-H(22B)  119.7 

C(22B)-C(23B)-C(24B)  120.2(4) 

C(22B)-C(23B)-H(23B)  119.9 

C(24B)-C(23B)-H(23B)  119.9 

C(19B)-C(24B)-C(23B)  119.6(4) 

C(19B)-C(24B)-H(24B)  120.2 

C(23B)-C(24B)-H(24B)  120.2 

C(30B)-C(25B)-C(26B)  117.3(3) 

C(30B)-C(25B)-P(2B)  125.8(3) 

C(26B)-C(25B)-P(2B)  116.9(3) 

C(27B)-C(26B)-C(25B)  121.4(4) 

C(27B)-C(26B)-H(26B)  119.3 

C(25B)-C(26B)-H(26B)  119.3 

C(28B)-C(27B)-C(26B)  120.2(4) 

C(28B)-C(27B)-H(27B)  119.9 

C(26B)-C(27B)-H(27B)  119.9 

C(29B)-C(28B)-C(27B)  119.7(4) 

C(29B)-C(28B)-H(28B)  120.2 

C(27B)-C(28B)-H(28B)  120.2 
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�����                    �������� ( <) 

 

C(28B)-C(29B)-C(30B)  120.8(4) 

C(28B)-C(29B)-H(29B)  119.6 

C(30B)-C(29B)-H(29B)  119.6 

C(25B)-C(30B)-C(29B)  120.7(4) 

C(25B)-C(30B)-H(30B)  119.7 

C(29B)-C(30B)-H(30B)  119.7 

C(36B)-C(31B)-C(32B)  119.0(3) 

C(36B)-C(31B)-P(2B)  118.9(3) 

C(32B)-C(31B)-P(2B)  122.0(3) 

C(33B)-C(32B)-C(31B)  120.3(4) 

C(33B)-C(32B)-H(32B)  119.9 

C(31B)-C(32B)-H(32B)  119.9 

C(34B)-C(33B)-C(32B)  120.5(4) 

C(34B)-C(33B)-H(33B)  119.8 

C(32B)-C(33B)-H(33B)  119.8 

C(35B)-C(34B)-C(33B)  119.6(4) 

C(35B)-C(34B)-H(34B)  120.2 

C(33B)-C(34B)-H(34B)  120.2 

C(34B)-C(35B)-C(36B)  120.3(4) 

C(34B)-C(35B)-H(35B)  119.8 

C(36B)-C(35B)-H(35B)  119.8 

C(31B)-C(36B)-C(35B)  120.3(4) 

C(31B)-C(36B)-H(36B)  119.9 

C(35B)-C(36B)-H(36B)  119.9 

N(2B)-C(37B)-N(1B)  117.9(3) 

N(2B)-C(37B)-S(1B)  120.8(3) 
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N(1B)-C(37B)-S(1B)  121.3(3) 

N(1B)-C(38B)-H(38A)  109.5 

N(1B)-C(38B)-H(38B)  109.5 

H(38A)-C(38B)-H(38B)  109.5 

N(1B)-C(38B)-H(38C)  109.5 

H(38A)-C(38B)-H(38C)  109.5 

H(38B)-C(38B)-H(38C)  109.5 

N(2B)-C(39B)-H(39D)  109.5 

N(2B)-C(39B)-H(39E)  109.5 

H(39D)-C(39B)-H(39E)  109.5 

N(2B)-C(39B)-H(39F)  109.5 

H(39D)-C(39B)-H(39F)  109.5 

H(39E)-C(39B)-H(39F)  109.5 

C(2)-C(1)-H(1A)  109.5 

C(2)-C(1)-H(1B)  109.5 

H(1A)-C(1)-H(1B)  109.5 

C(2)-C(1)-H(1C)  109.5 

H(1A)-C(1)-H(1C)  109.5 

H(1B)-C(1)-H(1C)  109.5 

N(3)-C(2)-C(1)  178.9(8) 
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�����                    �������� ( <) 

 

                                                              ������� A 

P(1A)-Cu(1A)-S(1A)-C(37A)    111.26(13) 

P(2A)-Cu(1A)-S(1A)-C(37A)    -114.72(13) 

Cl(1A)-Cu(1A)-S(1A)-C(37A)    -3.76(13) 

P(2A)-Cu(1A)-P(1A)-C(7A)     -63.24(12) 

S(1A)-Cu(1A)-P(1A)-C(7A)      58.69(12) 

Cl(1A)-Cu(1A)-P(1A)-C(7A)     179.05(12) 

P(2A)-Cu(1A)-P(1A)-C(13A)    178.77(12) 

S(1A)-Cu(1A)-P(1A)-C(13A)    -59.29(12) 

Cl(1A)-Cu(1A)-P(1A)-C(13A)    61.07(12) 

P(2A)-Cu(1A)-P(1A)-C(1A)     56.23(13) 

S(1A)-Cu(1A)-P(1A)-C(1A)     178.16(12) 

Cl(1A)-Cu(1A)-P(1A)-C(1A)     -61.48(13) 

P(1A)-Cu(1A)-P(2A)-C(25A)    66.15(14) 

S(1A)-Cu(1A)-P(2A)-C(25A)    -57.33(13) 

Cl(1A)-Cu(1A)-P(2A)-C(25A)    -175.35(13) 

P(1A)-Cu(1A)-P(2A)-C(19A)    -55.91(14) 

S(1A)-Cu(1A)-P(2A)-C(19A)    -179.39(13) 

Cl(1A)-Cu(1A)-P(2A)-C(19A)    62.59(14) 

P(1A)-Cu(1A)-P(2A)-C(31A)    -175.27(13) 

S(1A)-Cu(1A)-P(2A)-C(31A)    61.25(13) 

Cl(1A)-Cu(1A)-P(2A)-C(31A)    -56.77(13) 

C(7A)-P(1A)-C(1A)-C(6A)     85.3(4) 

C(13A)-P(1A)-C(1A)-C(6A)     -167.9(3) 

Cu(1A)-P(1A)-C(1A)-C(6A)     -40.7(4) 

C(7A)-P(1A)-C(1A)-C(2A)     -94.5(4) 
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C(13A)-P(1A)-C(1A)-C(2A)     12.3(4) 

Cu(1A)-P(1A)-C(1A)-C(2A)     139.5(3) 

C(6A)-C(1A)-C(2A)-C(3A)     -1.0(7) 

P(1A)-C(1A)-C(2A)-C(3A)     178.9(4) 

C(1A)-C(2A)-C(3A)-C(4A)     1.1(8) 

C(2A)-C(3A)-C(4A)-C(5A)     -0.7(8) 

C(3A)-C(4A)-C(5A)-C(6A)     0.2(9) 

C(2A)-C(1A)-C(6A)-C(5A)     0.5(8) 

P(1A)-C(1A)-C(6A)-C(5A)     -179.3(5) 

C(4A)-C(5A)-C(6A)-C(1A)     -0.1(9) 

C(13A)-P(1A)-C(7A)-C(8A)     79.7(3) 

C(1A)-P(1A)-C(7A)-C(8A)     -170.9(3) 

Cu(1A)-P(1A)-C(7A)-C(8A)     -44.9(3) 

C(13A)-P(1A)-C(7A)-C(12A)    -101.4(3) 

C(1A)-P(1A)-C(7A)-C(12A)     7.9(4) 

Cu(1A)-P(1A)-C(7A)-C(12A)    134.0(3) 

C(12A)-C(7A)-C(8A)-C(9A)     -3.8(6) 

P(1A)-C(7A)-C(8A)-C(9A)     175.1(4) 

C(7A)-C(8A)-C(9A)-C(10A)     0.9(8) 

C(8A)-C(9A)-C(10A)-C(11A)    3.0(8) 

C(9A)-C(10A)-C(11A)-C(12A)    -3.8(8) 

C(8A)-C(7A)-C(12A)-C(11A)    3.0(6) 

P(1A)-C(7A)-C(12A)-C(11A)    -175.9(4) 

C(10A)-C(11A)-C(12A)-C(7A)    0.8(8) 

C(7A)-P(1A)-C(13A)-C(18A)    39.2(4) 

C(1A)-P(1A)-C(13A)-C(18A)    -68.1(3) 
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Cu(1A)-P(1A)-C(13A)-C(18A)    164.3(3) 

C(7A)-P(1A)-C(13A)-C(14A)    -137.6(3) 

C(1A)-P(1A)-C(13A)-C(14A)    115.1(3) 

Cu(1A)-P(1A)-C(13A)-C(14A)    -12.6(3) 

C(18A)-C(13A)-C(14A)-C(15A)    0.6(6) 

P(1A)-C(13A)-C(14A)-C(15A)    177.6(3) 

C(13A)-C(14A)-C(15A)-C(16A)    0.6(7) 

C(14A)-C(15A)-C(16A)-C(17A)    -1.0(8) 

C(15A)-C(16A)-C(17A)-C(18A)    0.1(8) 

C(14A)-C(13A)-C(18A)-C(17A)    -1.4(6) 

P(1A)-C(13A)-C(18A)-C(17A)    -178.3(3) 

C(16A)-C(17A)-C(18A)-C(13A)    1.2(7) 

C(25A)-P(2A)-C(19A)-C(24A)    -3.9(4) 

C(31A)-P(2A)-C(19A)-C(24A)    -112.0(4) 

Cu(1A)-P(2A)-C(19A)-C(24A)    123.9(3) 

C(25A)-P(2A)-C(19A)-C(20A)    179.9(3) 

C(31A)-P(2A)-C(19A)-C(20A)    71.9(3) 

Cu(1A)-P(2A)-C(19A)-C(20A)    -52.3(3) 

C(24A)-C(19A)-C(20A)-C(21A)    1.9(7) 

P(2A)-C(19A)-C(20A)-C(21A)    178.4(4) 

C(19A)-C(20A)-C(21A)-C(22A)    -2.4(8) 

C(20A)-C(21A)-C(22A)-C(23A)    0.9(9) 

C(21A)-C(22A)-C(23A)-C(24A)    0.9(9) 

C(20A)-C(19A)-C(24A)-C(23A)    -0.2(7) 

P(2A)-C(19A)-C(24A)-C(23A)    -176.3(4) 

C(22A)-C(23A)-C(24A)-C(19A)    -1.3(9) 
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C(19A)-P(2A)-C(25A)-C(30A)    91.1(3) 

C(31A)-P(2A)-C(25A)-C(30A)    -161.0(3) 

Cu(1A)-P(2A)-C(25A)-C(30A)    -37.6(4) 

C(19A)-P(2A)-C(25A)-C(26A)    -89.9(4) 

C(31A)-P(2A)-C(25A)-C(26A)    18.0(4) 

Cu(1A)-P(2A)-C(25A)-C(26A)    141.4(4) 

C(30A)-C(25A)-C(26A)-C(27A)    -0.2(7) 

P(2A)-C(25A)-C(26A)-C(27A)    -179.2(4) 

C(25A)-C(26A)-C(27A)-C(28A)    -2.3(9) 

C(26A)-C(27A)-C(28A)-C(29A)    3.4(9) 

C(27A)-C(28A)-C(29A)-C(30A)    -2.0(8) 

C(26A)-C(25A)-C(30A)-C(29A)    1.6(7) 

P(2A)-C(25A)-C(30A)-C(29A)    -179.3(4) 

C(28A)-C(29A)-C(30A)-C(25A)    -0.5(8) 

C(25A)-P(2A)-C(31A)-C(32A)    -108.7(4) 

C(19A)-P(2A)-C(31A)-C(32A)    -0.6(4) 

Cu(1A)-P(2A)-C(31A)-C(32A)    126.2(3) 

C(25A)-P(2A)-C(31A)-C(36A)    73.7(3) 

C(19A)-P(2A)-C(31A)-C(36A)    -178.2(3) 

Cu(1A)-P(2A)-C(31A)-C(36A)    -51.4(3) 

C(36A)-C(31A)-C(32A)-C(33A)    -0.3(7) 

P(2A)-C(31A)-C(32A)-C(33A)    -178.0(4) 

C(31A)-C(32A)-C(33A)-C(34A)    -0.2(8) 

C(32A)-C(33A)-C(34A)-C(35A)    -0.5(8) 

C(33A)-C(34A)-C(35A)-C(36A)    1.7(8) 
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C(32A)-C(31A)-C(36A)-C(35A)    1.6(6) 

P(2A)-C(31A)-C(36A)-C(35A)    179.4(3) 

C(34A)-C(35A)-C(36A)-C(31A)    -2.3(7) 

C(39A)-N(2A)-C(37A)-N(1A)    5.3(6) 

C(39A)-N(2A)-C(37A)-S(1A)    -174.0(3) 

C(38A)-N(1A)-C(37A)-N(2A)    178.2(4) 

C(38A)-N(1A)-C(37A)-S(1A)    -2.5(6) 

Cu(1A)-S(1A)-C(37A)-N(2A)    -4.3(3) 

Cu(1A)-S(1A)-C(37A)-N(1A)    176.4(3) 

 

                                                          ������� B 

P(2B)-Cu(1B)-S(1B)-C(37B) -    150.75(13) 

P(1B)-Cu(1B)-S(1B)-C(37B)     78.79(13) 

Cl(1B)-Cu(1B)-S(1B)-C(37B)    -37.99(13) 

P(2B)-Cu(1B)-P(1B)-C(1B)     50.41(13) 

S(1B)-Cu(1B)-P(1B)-C(1B)     172.76(13) 

Cl(1B)-Cu(1B)-P(1B)-C(1B)     -69.93(13) 

P(2B)-Cu(1B)-P(1B)-C(7B)     -69.88(13) 

S(1B)-Cu(1B)-P(1B)-C(7B)     52.47(13) 

Cl(1B)-Cu(1B)-P(1B)-C(7B)     169.78(12) 

P(2B)-Cu(1B)-P(1B)-C(13B)     171.97(12) 

S(1B)-Cu(1B)-P(1B)-C(13B)     -65.69(13) 

Cl(1B)-Cu(1B)-P(1B)-C(13B)    51.63(13) 

P(1B)-Cu(1B)-P(2B)-C(25B)     66.44(12) 

S(1B)-Cu(1B)-P(2B)-C(25B)     -57.21(12) 
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Cl(1B)-Cu(1B)-P(2B)-C(25B)    -172.10(12) 

P(1B)-Cu(1B)-P(2B)-C(19B)     -52.59(13) 

S(1B)-Cu(1B)-P(2B)-C(19B)     -176.25(13) 

Cl(1B)-Cu(1B)-P(2B)-C(19B)    68.87(13) 

P(1B)-Cu(1B)-P(2B)-C(31B)     -169.61(12) 

S(1B)-Cu(1B)-P(2B)-C(31B)     66.73(12) 

Cl(1B)-Cu(1B)-P(2B)-C(31B)    -48.15(12) 

C(7B)-P(1B)-C(1B)-C(6B)     74.3(3) 

C(13B)-P(1B)-C(1B)-C(6B)     178.9(3) 

Cu(1B)-P(1B)-C(1B)-C(6B)     -52.0(3) 

C(7B)-P(1B)-C(1B)-C(2B)     -107.7(3) 

C(13B)-P(1B)-C(1B)-C(2B)     -3.0(4) 

Cu(1B)-P(1B)-C(1B)-C(2B)     126.1(3) 

C(6B)-C(1B)-C(2B)-C(3B)     -1.0(6) 

P(1B)-C(1B)-C(2B)-C(3B)     -179.1(3) 

C(1B)-C(2B)-C(3B)-C(4B)     -0.9(7) 

C(2B)-C(3B)-C(4B)-C(5B)     2.0(7) 

C(3B)-C(4B)-C(5B)-C(6B)     -1.1(7) 

C(2B)-C(1B)-C(6B)-C(5B)     1.9(5) 

P(1B)-C(1B)-C(6B)-C(5B)     -180.0(3) 

C(4B)-C(5B)-C(6B)-C(1B)     -0.8(6) 

C(1B)-P(1B)-C(7B)-C(12B)     -4.2(4) 

C(13B)-P(1B)-C(7B)-C(12B)     -109.9(3) 

Cu(1B)-P(1B)-C(7B)-C(12B)     123.1(3) 

C(1B)-P(1B)-C(7B)-C(8B)     176.5(3) 
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C(13B)-P(1B)-C(7B)-C(8B)     70.8(3) 

Cu(1B)-P(1B)-C(7B)-C(8B)     -56.2(3) 

C(12B)-C(7B)-C(8B)-C(9B)     2.3(7) 

P(1B)-C(7B)-C(8B)-C(9B)     -178.4(4) 

C(7B)-C(8B)-C(9B)-C(10B)     -1.7(8) 

C(8B)-C(9B)-C(10B)-C(11B)    0.1(8) 

C(9B)-C(10B)-C(11B)-C(12B)    0.9(7) 

C(10B)-C(11B)-C(12B)-C(7B)    -0.3(7) 

C(8B)-C(7B)-C(12B)-C(11B)    -1.3(6) 

P(1B)-C(7B)-C(12B)-C(11B)     179.4(3) 

C(1B)-P(1B)-C(13B)-C(14B)     107.1(3) 

C(7B)-P(1B)-C(13B)-C(14B)     -146.7(3) 

Cu(1B)-P(1B)-C(13B)-C(14B)    -21.4(4) 

C(1B)-P(1B)-C(13B)-C(18B)     -72.3(3) 

C(7B)-P(1B)-C(13B)-C(18B)     34.0(3) 

Cu(1B)-P(1B)-C(13B)-C(18B)    159.3(3) 

C(18B)-C(13B)-C(14B)-C(15B)    -0.5(7) 

P(1B)-C(13B)-C(14B)-C(15B)    -179.9(4) 

C(13B)-C(14B)-C(15B)-C(16B)    1.3(8) 

C(14B)-C(15B)-C(16B)-C(17B)    -1.3(8) 

C(15B)-C(16B)-C(17B)-C(18B)    0.5(8) 

C(16B)-C(17B)-C(18B)-C(13B)    0.3(7) 

C(14B)-C(13B)-C(18B)-C(17B)    -0.2(6) 

P(1B)-C(13B)-C(18B)-C(17B)    179.1(3) 

C(25B)-P(2B)-C(19B)-C(20B)    -178.2(3) 

C(31B)-P(2B)-C(19B)-C(20B)    73.1(3) 
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Cu(1B)-P(2B)-C(19B)-C(20B)    -53.1(3) 

C(25B)-P(2B)-C(19B)-C(24B)    2.4(3) 

C(31B)-P(2B)-C(19B)-C(24B)    -106.2(3) 

Cu(1B)-P(2B)-C(19B)-C(24B)    127.5(3) 

C(24B)-C(19B)-C(20B)-C(21B)    0.4(6) 

P(2B)-C(19B)-C(20B)-C(21B)    -179.0(3) 

C(19B)-C(20B)-C(21B)-C(22B)    -1.6(7) 

C(20B)-C(21B)-C(22B)-C(23B)    1.9(7) 

C(21B)-C(22B)-C(23B)-C(24B)    -1.0(7) 

C(20B)-C(19B)-C(24B)-C(23B)    0.4(6) 

P(2B)-C(19B)-C(24B)-C(23B)    179.8(3) 

C(22B)-C(23B)-C(24B)-C(19B)    -0.2(7) 

C(19B)-P(2B)-C(25B)-C(30B)    -94.0(3) 

C(31B)-P(2B)-C(25B)-C(30B)    10.2(3) 

Cu(1B)-P(2B)-C(25B)-C(30B)    139.9(3) 

C(19B)-P(2B)-C(25B)-C(26B)    85.2(3) 

C(31B)-P(2B)-C(25B)-C(26B)    -170.7(3) 

Cu(1B)-P(2B)-C(25B)-C(26B)    -41.0(3) 

C(30B)-C(25B)-C(26B)-C(27B)    1.7(6) 

P(2B)-C(25B)-C(26B)-C(27B)    -177.5(3) 

C(25B)-C(26B)-C(27B)-C(28B)    -1.6(6) 

C(26B)-C(27B)-C(28B)-C(29B)    0.2(6) 

C(27B)-C(28B)-C(29B)-C(30B)    1.0(7) 

C(26B)-C(25B)-C(30B)-C(29B)    -0.6(5) 

P(2B)-C(25B)-C(30B)-C(29B)    178.5(3) 

C(28B)-C(29B)-C(30B)-C(25B)    -0.8(6) 
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C(25B)-P(2B)-C(31B)-C(36B)    111.2(3) 

C(19B)-P(2B)-C(31B)-C(36B)    -142.5(3) 

Cu(1B)-P(2B)-C(31B)-C(36B)    -17.0(3) 

C(25B)-P(2B)-C(31B)-C(32B)    -71.8(3) 

C(19B)-P(2B)-C(31B)-C(32B)    34.5(3) 

Cu(1B)-P(2B)-C(31B)-C(32B)    160.0(3) 

C(36B)-C(31B)-C(32B)-C(33B)    -1.9(6) 

P(2B)-C(31B)-C(32B)-C(33B)    -178.9(3) 

C(31B)-C(32B)-C(33B)-C(34B)    1.6(6) 

C(32B)-C(33B)-C(34B)-C(35B)    -0.3(7) 

C(33B)-C(34B)-C(35B)-C(36B)    -0.7(6) 

C(32B)-C(31B)-C(36B)-C(35B)    1.0(5) 

P(2B)-C(31B)-C(36B)-C(35B)    178.1(3) 

C(34B)-C(35B)-C(36B)-C(31B)    0.3(6) 

C(39B)-N(2B)-C(37B)-N(1B)    5.9(6) 

C(39B)-N(2B)-C(37B)-S(1B)    -175.8(3) 

C(38B)-N(1B)-C(37B)-N(2B)    -178.7(4) 

C(38B)-N(1B)-C(37B)-S(1B)    3.0(6) 

Cu(1B)-S(1B)-C(37B)-N(2B)    27.2(3) 

Cu(1B)-S(1B)-C(37B)-N(1B)    -154.6(3) 
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6��6�   x   y   z   U(eq)A**2 

 

                                                                       ������� A 

Cu(1A)   8337(1)  2233(1)  6689(1)  40(1) 

Cl(1A)   7633(1)  1502(1)  6673(1)  52(1) 

S(1A)   9985(1)  2235(1)  7087(1)  51(1) 

N(1A)   11290(2) 1651(1)  7551(2)  61(1) 

N(2A)   9764(2)  1379(1)  7361(2)  52(1) 

P(1A)   7460(1)  2617(1)  7527(1)  38(1) 

P(2A)   8411(1)  2411(1)  5485(1)  42(1) 

C(1A)   6156(2)  2674(1)  7313(2)  43(1) 

C(2A)   5422(3)  2638(2)  7798(2)  73(1) 

C(3A)   4458(3)  2695(2)  7580(3)  92(2) 

C(4A)   4228(3)  2779(2)  6880(3)  86(2) 

C(5A)   4943(4)  2813(2)  6390(3)  114(2) 

C(6A)   5902(3)  2760(2)  6611(2)  92(2) 

C(7A)   7845(2)  3194(1)  7674(2)  40(1) 

C(8A)   8823(3)  3284(1)  7747(3)  72(1) 

C(9A)   9167(3)  3714(1)  7805(3)  85(2) 

C(10A)   8543(3)  4060(1)  7802(3)  75(1) 

C(11A)   7566(3)  3981(1)  7774(3)  86(2) 

C(12A)   7222(3)  3553(1)  7706(2)  69(1) 

C(13A)   7527(2)  2386(1)  8447(2)  43(1) 

C(14A)   7917(3)  1966(1)  8537(2)  62(1) 

C(15A)   8018(4)  1781(2)  9224(2)  80(1) 

C(16A)   7725(4)  2012(2)  9815(2)  81(1) 

C(17A)   7343(4)  2426(2)  9739(2)  84(2) 

C(18A)   7252(3)  2615(1)  9055(2)  68(1) 
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C(19A)   7252(3)  2447(1)  4987(2)  50(1) 

C(20A)   6629(3)  2090(2)  5034(2)  74(1) 

C(21A)   5732(3)  2098(2)  4688(3)  95(2) 

C(22A)   5430(4)  2460(2)  4319(3)  97(2) 

C(23A)   6016(4)  2815(2)  4280(3)  107(2) 

C(24A)   6937(3)  2812(2)  4607(2)  83(1) 

C(25A)   9008(3)  2938(1)  5285(2)  47(1) 

C(26A)   9612(4)  3006(2)  4704(3)  89(2) 

C(27A)   10042(4) 3418(2)  4602(3)  106(2) 

C(28A)   9863(4)  3763(2)  5041(3)  88(2) 

C(29A)   9285(4)  3701(2)  5622(3)  87(2) 

C(30A)   8865(3)  3291(1)  5743(2)  70(1) 

C(31A)   9103(3)  2002(1)  4965(2)  49(1) 

C(32A)   8768(3)  1791(2)  4363(3)  82(1) 

C(33A)   9334(4)  1473(2)  4013(3)  105(2) 

C(34A)   10232(4) 1376(2)  4275(3)  92(2) 

C(35A)   10585(4) 1584(2)  4867(3)  82(1) 

C(36A)   10018(3) 1891(1)  5220(2)  68(1) 

C(37A)   10368(2) 1718(1)  7348(2)  43(1) 

C(38A)   12041(3) 1991(1)  7544(3)  91(2) 

C(39A)   9991(3)  940(1)  7634(2)  68(1) 

 

                                                                       ������� B 

Cu(1B)   3114(1)  10192(1) 7598(1)  39(1) 

Cl(1B)   2657(1)  10866(1) 8199(1)  49(1) 

S(1B)   4845(1)  10139(1) 7623(1)  48(1) 
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N(1B)   6224(2)  10702(1) 7228(2)  60(1) 

N(2B)   4872(2)  11018(1) 7694(2)  61(1) 

P(1B)   2587(1)  10243(1) 6411(1)  39(1) 

P(2B)   2567(1)  9630(1)  8319(1)  38(1) 

C(1B)   1268(2)  10218(1) 6256(2)  41(1) 

C(2B)   757(3)  10539(2) 5873(2)  70(1) 

C(3B)   -243(3)  10504(2) 5783(3)  88(2) 

C(4B)   -733(3)  10154(2) 6060(2)  74(1) 

C(5B)   -240(3)  9837(2)  6452(2)  65(1) 

C(6B)   758(3)  9870(1)  6554(2)  52(1) 

C(7B)   3047(2)  9805(1)  5814(2)  45(1) 

C(8B)   4042(3)  9756(2)  5777(2)  76(1) 

C(9B)   4443(3)  9442(2)  5327(3)  93(2) 

C(10B)   3848(4)  9164(2)  4921(2)  83(1) 

C(11B)   2867(3)  9203(2)  4968(2)  73(1) 

C(12B)   2472(3)  9520(1)  5408(2)  61(1) 

C(13B)   2930(2)  10744(1) 5906(2)  46(1) 

C(14B)   3182(3)  11120(1) 6278(2)  78(1) 

C(15B)   3444(4)  11505(2) 5913(3)  101(2) 

C(16B)   3434(3)  11517(2) 5180(3)  91(2) 

C(17B)   3186(3)  11148(2) 4803(3)  87(2) 

C(18B)   2935(3)  0760(2)  5156(2)  67(1) 

C(19B)   1242(2)  9568(1)  8357(2)  44(1) 

C(20B)   712(3)  9941(1)  8533(2)  61(1) 

C(21B)   -286(3)  9925(2)  8586(3)  78(1) 

C(22B)   -763(3)  9538(2)  8446(3)  85(2) 
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6��6�   x   y   z   U(eq)A**2 

 

C(23B)   -262(3)  9163(2)  8273(3)  83(1) 

C(24B)   752(3)  9174(1)  8228(2)  62(1) 

C(25B)   2967(2)  9079(1)  8046(2)  43(1) 

C(26B)   2962(3)  8988(1)  7305(2)  58(1) 

C(27B)   3214(3)  8576(1)  7044(2)  69(1) 

C(28B)   3500(3)  8247(1)  7513(3)  70(1) 

C(29B)   3532(3)  8329(1)  8238(3)  73(1) 

C(30B)   3262(3)  8741(1)  8510(2)  59(1) 

C(31B)   2855(2)  9672(1)  9294(2)  42(1) 

C(32B)   2338(3)  9439(1)  9808(2)  57(1) 

C(33B)   2566(3)  9484(2)  10535(2) 69(1) 

C(34B)   3290(3)  9768(2)  10759(2) 68(1) 

C(35B)   3792(3)  10007(1) 10254(2) 64(1) 

C(36B)   3578(2)  9959(1)  9522(2)  53(1) 

C(37B)   5344(2)  10654(1) 7501(2)  44(1) 

C(38B)   6826(3)  10342(1) 6979(3)  82(1) 

C(39B)   5206(3)  11469(1) 7571(3)  87(2) 

C(1)   8259(4)  9111(3)  6(3)  139(3) 

C(2)   9263(5)  9048(2)  207(3)  105(2) 

N(3)   10045(4) 8995(2)  354(3)  137(2) 
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 5 �C��DE6�6��6�GH�D��I�;�������� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 

 

6��6�   x   y   z   U(eq)A**2 

 

                                                                       ������� A 

H(1AA)   11480(30) 1385(8)  7690(20) 74 

H(2AA)   9202(17) 1429(12) 7146(18) 62 

H(2A)   5568  2575  8282  87 

H(3A)   3968  2674  7921  111 

H(4A)   3581  2814  6736  103 

H(5A)   4792  2872  5906  137 

H(6A)   6389  2783  6269  111 

H(8A)   9263  3049  7757  87 

H(9A)   9833  3765  7847  102 

H(10A)   8777  4350  7819  90 

H(11A)   7131  4218  7800  103 

H(12A)   6554  3504  7681  82 

H(14A)   8113  1805  8134  75 

H(15A)   8288  1499  9279  96 

H(16A)   7785  1885  10274  98 

H(17A)   7143  2583  10146  100 

H(18A)   7001  2901  9007  82 

H(20A)   6815  1840  5301  88 

H(21A)   5330  1849  4710  114 

H(22A)   4820  2464  4093  117 

H(23A)   5806  3067  4031  129 

H(24A)   7340  3059  4567  99 

H(26A)   9731  2775  4381  107 

H(27A)   10467  3456  4218  127 

H(28A)   10132  4041  4948  105 
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6��6�   x   y   z   U(eq)A**2 

 

H(29A)   9171  3935  5940  104 

H(30A)   8475  3253  6146  84 

H(32A)   8151  1858  4180  99 

H(33A)   9094  1329  3600  126 

H(34A)   10608  1163  4044  111 

H(35A)   11211  1522  5038  99 

H(36A)   10258  2027  5640  82 

H(38D)   12062  2125  7072  136 

H(38E)   12660  1857  7657  136 

H(38F)   11899  2214  7900  136 

H(39A)   10525  818  7369  102 

H(39B)   9433  751  7575  102 

H(39C)   10166  959  8140  102 

 

                                                                     ������� B 

H(1BB)   6460(30) 10968(8) 7190(20) 72 

H(2BB)   4301(18) 10976(13) 7892(19) 73 

H(2B)   1085  10779  5674  84 

H(3B)   -581  10724  5530  105 

H(4B)   -1401  10129  5985  89 

H(5B)   -576  9599  6651  78 

H(6B)   1086  9655  6827  63 

H(8B)   4446  9937  6059  91 

H(9B)   5115  9416  5296  111 

H(10B)   4118  8951  4617  99 

H(11B)   2463  9014  4701  88 
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6��6�   x   y   z   U(eq)A**2 

 

H(12B)   1800  9544  5433  73 

H(14B)   3179  11118  6783  94 

H(15B)   3627  11756  6175  121 

H(16B)   3598  11777  4938  109 

H(17B)   3184  11155  4299  104 

H(18B)   2768  10509  4888  81 

H(20B)   1035  10208  8618  73 

H(21B)   -631  10178  8717  94 

H(22B)   -1438  9529  8468  101 

H(23B)   -595  8898  8186  100 

H(24B)   1095  8917  8112  74 

H(26B)   2784  9211  6979  70 

H(27B)   3191  8521  6548  83 

H(28B)   3673  7968  7336  84 

H(29B)   3736  8106  8556  88 

H(30B)   3281  8790  9008  71 

H(32B)   1835  9250  9662  69 

H(33B)   2225  9320  10877  83 

H(34B)   3439  9799  11251  82 

H(35B)   4279  10203  10404  77 

H(36B)   3925  10121  9182  63 

H(38A)   6986  10150  7379  123 

H(38B)   7414  10461  6781  123 

H(38C)   6481  10177  6611  123 

H(39D)   5827  11511  7805  131 

H(39E)   4746  11675  7766  131 
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 6 ��6�Q�6������C��6�QE6�6��6�;�������� [Cu(PPh3)2(dmtu)Cl]⋅ 0.5CH3CN 

 

6��6�  U11            U22             U33        U23               U13          U12 

 

                                                                     ������� A 

Cu(1A)  38(1)   36(1)            45(1)          1(1)  4(1)           2(1) 

Cl(1A)  47(1)   42(1)            66(1)         -2(1)  1(1)         -13(1) 

S(1A)  39(1)   34(1)            80(1)          3(1) -10(1)           1(1) 

N(1A)  40(2)   40(2)          104(3)          5(2) -10(2)           7(2) 

N(2A)  47(2)   36(2)            73(2)          4(2) -9(2)           1(2) 

P(1A)  35(1)   36(1)            43(1)         -1(1)  3(1)           3(1) 

P(2A)  41(1)   41(1)            43(1)          2(1)  4(1)           2(1) 

C(1A)  36(2)   39(2)            54(2)       -10(2)  1(2)           1(2) 

C(2A)  43(2)   94(3)            80(3)          9(3)  9(2)          -6(2) 

C(3A)  43(3)   118(4)           116(4)         -3(4) 16(3)          -6(3) 

C(4A)  41(3)   94(4)           122(4)       -28(3) -16(3)           9(2) 

C(5A)  65(3)   202(7)             74(3)       -23(4) -17(3)         40(4) 

C(6A)  45(3)   169(5)             62(3)       -14(3)  0(2)         31(3) 

C(7A)  39(2)   38(2)             43(2)         -2(2)  0(2)           5(2) 

C(8A)  44(2)   48(2)           125(4)       -29(2)  2(2)           5(2) 

C(9A)  45(2)   66(3)           144(5)       -37(3) 18(3)        -10(2) 

C(10A)  77(3)   41(2)           108(4)         -2(2) 16(3)        -10(2) 

C(11A)  72(3)   38(2)           148(5)          0(3) -16(3)           8(2) 

C(12A)  53(2)   42(2)           110(3)         -2(2) -10(2)           4(2) 

C(13A)  44(2)   39(2)             45(2)         3(2)  3(2)          -4(2) 

C(14A)  82(3)   53(2)             51(2)         4(2)  6(2)           8(2) 

C(15A)  108(4)   63(3)             70(3)        22(2)  5(3)           9(3) 

C(16A)  114(4)   78(3)             52(3)        18(2) -4(3)        -22(3) 

C(17A)  125(4)   79(3)             48(3)       -11(2) 20(3)        -17(3) 

C(18A)  99(3)   51(2)             54(2)         -3(2) 10(2)          -1(2) 
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6��6�  U11            U22             U33        U23               U13          U12 

 

C(19A)  51(2)   55(2)             44(2)         -2(2) -2(2)          7(2) 

C(20A)  49(2)   75(3)             96(3)           9(3) -11(2)          0(2) 

C(21A)  57(3)   108(4)           119(4)         -2(4) -20(3)         -8(3) 

C(22A)  66(3)   130(5)             95(4)        -14(4) -35(3)         17(3) 

C(23A)  106(4)   111(5)           104(4)         19(4) -49(4)         22(4) 

C(24A)  85(3)   79(3)             83(3)         19(3) -29(3)          1(3) 

C(25A)  52(2)   41(2)             48(2)           7(2)  3(2)         -2(2) 

C(26A)  128(4)   57(3)             84(3)           4(2) 49(3)        -17(3) 

C(27A)  130(5)   84(4)           105(4)         14(3) 56(4)        -27(3) 

C(28A)  93(4)   59(3)           112(4)         25(3)  5(3)        -24(3) 

C(29A)  112(4)   53(3)             96(4)          -6(3) 12(3)        -19(3) 

C(30A)  85(3)   54(3)             71(3)          -1(2) 16(2)        -11(2) 

C(31A)  52(2)   43(2)             52(2)           2(2) 15(2)          -3(2) 

C(32A)  62(3)   94(4)             91(3)        -38(3) 14(2)          -6(3) 

C(33A)  99(4)   105(4)           112(4)        -63(3) 31(4)        -18(4) 

C(34A)  94(4)   56(3)           129(5)          -6(3) 62(4)           5(3) 

C(35A)  79(3)   72(3)             96(4)         15(3) 29(3)         25(3) 

C(36A)  64(3)   72(3)             68(3)           0(2) 15(2)         23(2) 

C(37A)  40(2)   38(2)             52(2)         -7(2) -1(2)           5(2) 

C(38A)  40(2)   59(3)           172(5)         10(3) -16(3)           1(2) 

C(39A)  74(3)   38(2)             91(3)         10(2) -10(2)           3(2) 

 

                                                                     ������� B 

Cu(1B)  35(1)   38(1)             45(1)          5(1) -1(1)         -2(1) 

Cl(1B)  45(1)   44(1)             59(1)          0(1)  5(1)           9(1) 

S(1B)  31(1)   41(1)             70(1)          8(1)  1(1)          -2(1) 
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6��6�  U11            U22             U33        U23               U13          U12 

 

N(1B)  43(2)  43(2)      95(2)         2(2) 21(2)          -6(2) 

N(2B)  42(2)   44(2)      96(3)        -4(2) 18(2)          -3(2) 

P(1B)  33(1)   44(1)      40(1)         3(1) -1(1)           3(1) 

P(2B)  34(1)   35(1)      45(1)         5(1) -2(1)          -2(1) 

C(1B)  33(2)   53(2)      37(2)         0(2) 0(1)           4(2) 

C(2B)  42(2)   86(3)      83(3)       27(2) -3(2)          10(2) 

C(3B)  43(3)   121(4)     99(4)       32(3) -9(2)          12(3) 

C(4B)  34(2)   116(4)    73(3)        -4(3) -6(2)           4(3) 

C(5B)  46(2)   84(3)      65(3)        -6(2) 9(2)        -19(2) 

C(6B)  44(2)   62(2)      51(2)         2(2) 0(2)          2(2) 

C(7B)  43(2)   50(2)      43(2)         1(2) 1(2)          4(2) 

C(8B)  44(2)   88(3)       95(3)      -29(3) 4(2)          7(2) 

C(9B)  57(3)   99(4)      123(4)      -25(3) 21(3)        21(3) 

C(10B)  95(4)   78(3)      76(3)      -21(3) 18(3)        27(3) 

C(11B)  75(3)   75(3)      69(3)      -25(2) -3(2)          9(2) 

C(12B)  54(2)   73(3)      55(2)      -14(2) -2(2)          8(2) 

C(13B)  37(2)   53(2)      49(2)       13(2) 2(2)          6(2) 

C(14B)  104(4)   61(3)      69(3)       19(2) -9(3)       -17(3) 

C(15B)  123(5)   66(3)      113(4)       27(3) -12(4)       -24(3) 

C(16B)  68(3)   87(4)      118(5)       57(4) 16(3)          5(3) 

C(17B)  77(3)   115(4)    70(3)       49(3) 30(3)        30(3) 

C(18B)  67(3)   81(3)      54(2)       13(2) 8(2)        14(2) 

C(19B)  35(2)   49(2)      48(2)       11(2) -6(2)        -3(2) 

C(20B)  42(2)   59(2)      82(3)       12(2) 8(2)         1(2) 

C(21B)  46(3)   84(3)      106(4)       23(3) 15(2)       13(2) 

C(22B)  39(2)   117(4)    98(4)       31(3) 6(2)        -5(3) 
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6��6�  U11            U22             U33        U23               U13          U12 

 

C(23B)  49(3)   95(4)      106(4)       11(3) -11(3)        -27(3) 

C(24B)  48(2)   61(3)      77(3)         2(2) -4(2)        -12(2) 

C(25B)  35(2)   39(2)      54(2)         6(2) -2(2)          -2(2) 

C(26B)  60(2)   46(2)      68(3)        -2(2) -10(2)         11(2) 

C(27B)  66(3)   59(3)      81(3)       -21(2) -13(2)           7(2) 

C(28B)  53(3)   42(2)      116(4)       -12(3) 8(3)          -1(2) 

C(29B)  66(3)   47(2)      105(4)        25(3) 7(3)         14(2) 

C(30B)  61(3)   47(2)      68(3)        13(2) 2(2)           7(2) 

C(31B)  38(2)   44(2)      43(2)         2(2) -3(2)           3(2) 

C(32B)  56(2)   66(3)      51(2)         6(2) -1(2)        -13(2) 

C(33B)  73(3)   81(3)      53(3)       10(2) 11(2)          -8(2) 

C(34B)  69(3)   92(3)      43(2)        -3(2) -9(2)         12(3) 

C(35B)  53(2)   77(3)      62(3)        -7(2) -16(2)          -7(2) 

C(36B)  40(2)   62(2)      56(2)         5(2) -4(2)          -2(2) 

C(37B)  35(2)   46(2)      50(2)         5(2) 0(2)          -1(2) 

C(38B)  56(3)   65(3)      127(4)         5(3) 41(3)           4(2) 

C(39B)  69(3)   44(2)      149(5)      -11(3) 22(3)          -7(2) 

C(1)  101(5)   227(8)     89(4)       15(5) 22(4)          17(5) 

C(2)  110(5)   123(5)    82(4)         9(3) 16(4)          17(4) 

N(3)  110(4)   152(5)    148(5)        28(4) 2(4)          18(4) 
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�����                 �
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Cu(1)-P(1)  2.2746(5) 

Cu(1)-P(2)  2.2923(6) 

Cu(1)-S(1)  2.3611(6) 

Cu(1)-Br(1)  2.5423(3) 

P(1)-C(11)  1.822(2) 

P(1)-C(21)  1.827(2) 

P(1)-C(31)  1.8306(19) 

P(2)-C(51)  1.830(2) 

P(2)-C(41)  1.832(2) 

P(2)-C(61)  1.834(2) 

S(1)-C(1)  1.711(2) 

N(1)-C(1)  1.328(3) 

N(1)-C(2)  1.457(4) 

N(1)-H(1)  0.861(17) 

N(2)-C(1)  1.322(3) 

N(2)-C(3)  1.452(3) 

N(2)-H(2)  0.899(17) 

C(2)-H(2A)  0.9600 

C(2)-H(2B)  0.9600 

C(2)-H(2C)  0.9600 

C(3)-H(3A)  0.9600 

C(3)-H(3B)  0.9600 

C(3)-H(3C)  0.9600 

C(11)-C(16)  1.379(3) 

C(11)-C(12)  1.385(3) 

C(12)-C(13)  1.383(3) 
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C(12)-H(12)  0.9300 

C(13)-C(14)  1.373(4) 

C(13)-H(13)  0.9300 

C(14)-C(15)  1.362(4) 

C(14)-H(14)  0.9300 

C(15)-C(16)  1.388(3) 

C(15)-H(15)  0.9300 

C(16)-H(16)  0.9300 

C(21)-C(22)  1.383(3) 

C(21)-C(26)  1.389(3) 

C(22)-C(23)  1.379(3) 

C(22)-H(22)  0.9300 

C(23)-C(24)  1.369(4) 

C(23)-H(23)  0.9300 

C(24)-C(25)  1.363(4) 

C(24)-H(24)  0.9300 

C(25)-C(26)  1.380(3) 

C(25)-H(25)  0.9300 

C(26)-H(26)  0.9300 

C(31)-C(32)  1.372(3) 

C(31)-C(36)  1.382(3) 

C(32)-C(33)  1.387(4) 

C(32)-H(32)  0.9300 

C(33)-C(34)  1.359(5) 

C(33)-H(33)  0.9300 

C(34)-C(35)  1.358(4) 
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C(34)-H(34)  0.9300 

C(35)-C(36)  1.385(3) 

C(35)-H(35)  0.9300 

C(36)-H(36)  0.9300 

C(41)-C(42)  1.383(3) 

C(41)-C(46)  1.385(3) 

C(42)-C(43)  1.382(4) 

C(42)-H(42)  0.9300 

C(43)-C(44)  1.364(4) 

C(43)-H(43)  0.9300 

C(44)-C(45)  1.344(5) 

C(44)-H(44)  0.9300 

C(45)-C(46)  1.390(4) 

C(45)-H(45)  0.9300 

C(46)-H(46)  0.9300 

C(51)-C(52)  1.376(4) 

C(51)-C(56)  1.393(4) 

C(52)-C(53)  1.391(4) 

C(52)-H(52)  0.9300 

C(53)-C(54)  1.353(5) 

C(53)-H(53)  0.9300 

C(54)-C(55)  1.367(5) 

C(54)-H(54)  0.9300 

C(55)-C(56)  1.388(4) 

C(55)-H(55)  0.9300 

C(56)-H(56)  0.9300 
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C(61)-C(62)  1.384(3) 

C(61)-C(66)  1.388(3) 

C(62)-C(63)  1.386(3) 

C(62)-H(62)  0.9300 

C(63)-C(64)  1.370(5) 

C(63)-H(63)  0.9300 

C(64)-C(65)  1.359(5) 

C(64)-H(64)  0.9300 

C(65)-C(66)  1.388(4) 

C(65)-H(65)  0.9300 

C(66)-H(66)  0.9300 
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P(1)-Cu(1)-P(2) 122.90(2) 

P(1)-Cu(1)-S(1) 99.98(2) 

P(2)-Cu(1)-S(1) 114.16(2) 

P(1)-Cu(1)-Br(1) 104.351(16) 

P(2)-Cu(1)-Br(1) 105.901(17) 

S(1)-Cu(1)-Br(1) 108.650(19) 

C(11)-P(1)-C(21) 103.93(9) 

C(11)-P(1)-C(31) 102.50(9) 

C(21)-P(1)-C(31) 103.91(9) 

C(11)-P(1)-Cu(1) 116.38(7) 

C(21)-P(1)-Cu(1) 115.61(6) 

C(31)-P(1)-Cu(1) 112.90(6) 

C(51)-P(2)-C(41) 104.23(11) 

C(51)-P(2)-C(61) 101.82(10) 

C(41)-P(2)-C(61) 100.79(10) 

C(51)-P(2)-Cu(1) 113.08(7) 

C(41)-P(2)-Cu(1) 116.68(7) 

C(61)-P(2)-Cu(1) 118.12(7) 

C(1)-S(1)-Cu(1) 110.11(9) 

C(1)-N(1)-C(2) 125.3(2) 

C(1)-N(1)-H(1) 114(2) 

C(2)-N(1)-H(1) 120(2) 

C(1)-N(2)-C(3) 125.1(2) 

C(1)-N(2)-H(2) 114.6(19) 

C(3)-N(2)-H(2) 120.3(19) 
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N(2)-C(1)-N(1) 118.6(2) 

N(2)-C(1)-S(1) 120.29(18) 

N(1)-C(1)-S(1) 121.1(2) 

N(1)-C(2)-H(2A) 109.5 

N(1)-C(2)-H(2B) 109.5 

H(2A)-C(2)-H(2B) 109.5 

N(1)-C(2)-H(2C) 109.5 

H(2A)-C(2)-H(2C) 109.5 

H(2B)-C(2)-H(2C) 109.5 

N(2)-C(3)-H(3A) 109.5 

N(2)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

N(2)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

C(16)-C(11)-C(12) 119.0(2) 

C(16)-C(11)-P(1) 117.22(16) 

C(12)-C(11)-P(1) 123.78(16) 

C(13)-C(12)-C(11) 119.7(2) 

C(13)-C(12)-H(12) 120.1 

C(11)-C(12)-H(12) 120.1 

C(14)-C(13)-C(12) 120.7(2) 

C(14)-C(13)-H(13) 119.6 

C(12)-C(13)-H(13) 119.6 

C(15)-C(14)-C(13) 119.9(2) 
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C(15)-C(14)-H(14) 120.1 

C(13)-C(14)-H(14) 120.1 

C(14)-C(15)-C(16) 120.0(2) 

C(14)-C(15)-H(15) 120.0 

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

C(11)-C(16)-C(15) 120.7(2) 

C(11)-C(16)-H(16) 119.7 

C(15)-C(16)-H(16) 119.7 

C(22)-C(21)-C(26) 117.49(19) 

C(22)-C(21)-P(1) 118.50(16) 

C(26)-C(21)-P(1) 123.90(16) 

C(23)-C(22)-C(21) 121.2(2) 

C(23)-C(22)-H(22) 119.4 

C(21)-C(22)-H(22) 119.4 

C(24)-C(23)-C(22) 120.5(3) 

C(24)-C(23)-H(23) 119.8 

C(22)-C(23)-H(23) 119.8 

C(25)-C(24)-C(23) 119.2(2) 

C(25)-C(24)-H(24) 120.4 

C(23)-C(24)-H(24) 120.4 

C(24)-C(25)-C(26) 120.8(2) 

C(24)-C(25)-H(25) 119.6 

C(26)-C(25)-H(25) 119.6 

C(25)-C(26)-C(21) 120.8(2) 

C(25)-C(26)-H(26) 119.6 

C(21)-C(26)-H(26) 119.6 
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C(32)-C(31)-C(36) 118.8(2) 

C(32)-C(31)-P(1) 123.51(17) 

C(36)-C(31)-P(1) 117.68(16) 

C(31)-C(32)-C(33) 120.2(3) 

C(31)-C(32)-H(32) 119.9 

C(33)-C(32)-H(32) 119.9 

C(34)-C(33)-C(32) 120.1(3) 

C(34)-C(33)-H(33) 119.9 

C(32)-C(33)-H(33) 119.9 

C(35)-C(34)-C(33) 120.7(3) 

C(35)-C(34)-H(34) 119.7 

C(33)-C(34)-H(34) 119.7 

C(34)-C(35)-C(36) 119.5(3) 

C(34)-C(35)-H(35) 120.2 

C(36)-C(35)-H(35) 120.2 

C(31)-C(36)-C(35) 120.6(2) 

C(31)-C(36)-H(36) 119.7 

C(35)-C(36)-H(36) 119.7 

C(42)-C(41)-C(46) 117.5(2) 

C(42)-C(41)-P(2) 119.14(18) 

C(46)-C(41)-P(2) 123.31(19) 

C(43)-C(42)-C(41) 120.6(3) 

C(43)-C(42)-H(42) 119.7 

C(41)-C(42)-H(42) 119.7 

C(44)-C(43)-C(42) 120.9(3) 

C(44)-C(43)-H(43) 119.6 
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C(42)-C(43)-H(43) 119.6 

C(45)-C(44)-C(43) 119.5(3) 

C(45)-C(44)-H(44) 120.3 

C(43)-C(44)-H(44) 120.3 

C(44)-C(45)-C(46) 120.8(3) 

C(44)-C(45)-H(45) 119.6 

C(46)-C(45)-H(45) 119.6 

C(41)-C(46)-C(45) 120.7(3) 

C(41)-C(46)-H(46) 119.6 

C(45)-C(46)-H(46) 119.6 

C(52)-C(51)-C(56) 118.8(2) 

C(52)-C(51)-P(2) 124.4(2) 

C(56)-C(51)-P(2) 116.76(19) 

C(51)-C(52)-C(53) 119.9(3) 

C(51)-C(52)-H(52) 120.0 

C(53)-C(52)-H(52) 120.0 

C(54)-C(53)-C(52) 120.8(3) 

C(54)-C(53)-H(53) 119.6 

C(52)-C(53)-H(53) 119.6 

C(53)-C(54)-C(55) 120.4(3) 

C(53)-C(54)-H(54) 119.8 

C(55)-C(54)-H(54) 119.8 

C(54)-C(55)-C(56) 119.8(3) 

C(54)-C(55)-H(55) 120.1 

C(56)-C(55)-H(55) 120.1 
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C(55)-C(56)-C(51) 120.2(3) 

C(55)-C(56)-H(56) 119.9 

C(51)-C(56)-H(56) 119.9 

C(62)-C(61)-C(66) 118.7(2) 

C(62)-C(61)-P(2) 123.35(18) 

C(66)-C(61)-P(2) 117.84(18) 

C(61)-C(62)-C(63) 120.4(3) 

C(61)-C(62)-H(62) 119.8 

C(63)-C(62)-H(62) 119.8 

C(64)-C(63)-C(62) 120.3(3) 

C(64)-C(63)-H(63) 119.9 

C(62)-C(63)-H(63) 119.9 

C(65)-C(64)-C(63) 119.9(3) 

C(65)-C(64)-H(64) 120.0 

C(63)-C(64)-H(64) 120.0 

C(64)-C(65)-C(66) 120.6(3) 

C(64)-C(65)-H(65) 119.7 

C(66)-C(65)-H(65) 119.7 

C(61)-C(66)-C(65) 120.1(3) 

C(61)-C(66)-H(66) 120.0 

C(65)-C(66)-H(66) 120.0 
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P(2)-Cu(1)-P(1)-C(11)     69.43(8) 

S(1)-Cu(1)-P(1)-C(11)     -163.07(7) 

Br(1)-Cu(1)-P(1)-C(11)     -50.72(7) 

P(2)-Cu(1)-P(1)-C(21)     -52.97(8) 

S(1)-Cu(1)-P(1)-C(21)     74.53(7) 

Br(1)-Cu(1)-P(1)-C(21)     -173.12(7) 

P(2)-Cu(1)-P(1)-C(31)     -172.43(7) 

S(1)-Cu(1)-P(1)-C(31)     -44.92(7) 

Br(1)-Cu(1)-P(1)-C(31)     67.42(7) 

P(1)-Cu(1)-P(2)-C(51)     172.21(9) 

S(1)-Cu(1)-P(2)-C(51)     51.12(9) 

Br(1)-Cu(1)-P(2)-C(51)     -68.37(9) 

P(1)-Cu(1)-P(2)-C(41)     -66.92(8) 

S(1)-Cu(1)-P(2)-C(41)     171.99(8) 

Br(1)-Cu(1)-P(2)-C(41)     52.51(8) 

P(1)-Cu(1)-P(2)-C(61)     53.50(9) 

S(1)-Cu(1)-P(2)-C(61)     -67.59(9) 

Br(1)-Cu(1)-P(2)-C(61)     172.92(8) 

P(1)-Cu(1)-S(1)-C(1)     150.91(9) 

P(2)-Cu(1)-S(1)-C(1)     -75.99(9) 

Br(1)-Cu(1)-S(1)-C(1)     41.94(9) 

C(3)-N(2)-C(1)-N(1)      -6.2(4) 

C(3)-N(2)-C(1)-S(1)      173.0(2) 

C(2)-N(1)-C(1)-N(2)      177.2(3) 

C(2)-N(1)-C(1)-S(1)      -2.0(4) 

Cu(1)-S(1)-C(1)-N(2)     -18.9(2) 
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Cu(1)-S(1)-C(1)-N(1)     160.26(19) 

C(21)-P(1)-C(11)-C(16)     100.70(18) 

C(31)-P(1)-C(11)-C(16)     -151.32(17) 

Cu(1)-P(1)-C(11)-C(16)     -27.62(19) 

C(21)-P(1)-C(11)-C(12)     -78.2(2) 

C(31)-P(1)-C(11)-C(12)     29.8(2) 

Cu(1)-P(1)-C(11)-C(12)     153.48(17) 

C(16)-C(11)-C(12)-C(13)     -0.6(4) 

P(1)-C(11)-C(12)-C(13)     178.3(2) 

C(11)-C(12)-C(13)-C(14)     0.0(4) 

C(12)-C(13)-C(14)-C(15)     0.8(5) 

C(13)-C(14)-C(15)-C(16)     -1.0(4) 

C(12)-C(11)-C(16)-C(15)     0.4(4) 

P(1)-C(11)-C(16)-C(15)     -178.6(2) 

C(14)-C(15)-C(16)-C(11)     0.4(4) 

C(11)-P(1)-C(21)-C(22)     -173.50(19) 

C(31)-P(1)-C(21)-C(22)     79.6(2) 

Cu(1)-P(1)-C(21)-C(22)     -44.7(2) 

C(11)-P(1)-C(21)-C(26)     2.7(2) 

C(31)-P(1)-C(21)-C(26)     -104.26(18) 

Cu(1)-P(1)-C(21)-C(26)     131.47(16) 

C(26)-C(21)-C(22)-C(23)     -0.1(4) 

P(1)-C(21)-C(22)-C(23)     176.3(2) 

C(21)-C(22)-C(23)-C(24)     -0.7(5) 

C(22)-C(23)-C(24)-C(25)     0.9(5) 

C(23)-C(24)-C(25)-C(26)     -0.3(4) 
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C(24)-C(25)-C(26)-C(21)     -0.5(4) 

C(22)-C(21)-C(26)-C(25)     0.7(3) 

P(1)-C(21)-C(26)-C(25)     -175.51(18) 

C(11)-P(1)-C(31)-C(32)     -112.4(2) 

C(21)-P(1)-C(31)-C(32)     -4.4(2) 

Cu(1)-P(1)-C(31)-C(32)     121.57(19) 

C(11)-P(1)-C(31)-C(36)     68.73(18) 

C(21)-P(1)-C(31)-C(36)     176.73(17) 

Cu(1)-P(1)-C(31)-C(36)     -57.26(18) 

C(36)-C(31)-C(32)-C(33)     -0.1(4) 

P(1)-C(31)-C(32)-C(33)     -179.0(3) 

C(31)-C(32)-C(33)-C(34)     -1.3(5) 

C(32)-C(33)-C(34)-C(35)     0.7(6) 

C(33)-C(34)-C(35)-C(36)     1.2(5) 

C(32)-C(31)-C(36)-C(35)     2.1(4) 

P(1)-C(31)-C(36)-C(35)     -179.1(2) 

C(34)-C(35)-C(36)-C(31)     -2.6(4) 

C(51)-P(2)-C(41)-C(42)     90.9(2) 

C(61)-P(2)-C(41)-C(42)     -163.8(2) 

Cu(1)-P(2)-C(41)-C(42)     -34.5(2) 

C(51)-P(2)-C(41)-C(46)     -91.5(2) 

C(61)-P(2)-C(41)-C(46)     13.8(2) 

Cu(1)-P(2)-C(41)-C(46)     143.05(19) 

C(46)-C(41)-C(42)-C(43)     -1.2(4) 

P(2)-C(41)-C(42)-C(43)     176.5(2) 

C(41)-C(42)-C(43)-C(44)     0.9(5) 
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C(42)-C(43)-C(44)-C(45)     0.1(5) 

C(43)-C(44)-C(45)-C(46)     -0.8(5) 

C(42)-C(41)-C(46)-C(45)     0.6(4) 

P(2)-C(41)-C(46)-C(45)     -177.0(2) 

C(44)-C(45)-C(46)-C(41)     0.4(5) 

C(41)-P(2)-C(51)-C(52)     4.9(2) 

C(61)-P(2)-C(51)-C(52)     -99.6(2) 

Cu(1)-P(2)-C(51)-C(52)     132.6(2) 

C(41)-P(2)-C(51)-C(56)     -175.82(19) 

C(61)-P(2)-C(51)-C(56)     79.7(2) 

Cu(1)-P(2)-C(51)-C(56)     -48.1(2) 

C(56)-C(51)-C(52)-C(53)     0.4(4) 

P(2)-C(51)-C(52)-C(53)     179.6(2) 

C(51)-C(52)-C(53)-C(54)     0.6(5) 

C(52)-C(53)-C(54)-C(55)     -1.4(6) 

C(53)-C(54)-C(55)-C(56)     1.2(6) 

C(54)-C(55)-C(56)-C(51)     -0.2(5) 

C(52)-C(51)-C(56)-C(55)     -0.6(4) 

P(2)-C(51)-C(56)-C(55)     -179.9(2) 

C(51)-P(2)-C(61)-C(62)     6.0(2) 

C(41)-P(2)-C(61)-C(62)     -101.1(2) 

Cu(1)-P(2)-C(61)-C(62)     130.52(18) 

C(51)-P(2)-C(61)-C(66)     -178.4(2) 

C(41)-P(2)-C(61)-C(66)     74.5(2) 

Cu(1)-P(2)-C(61)-C(66)     -53.9(2) 
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C(66)-C(61)-C(62)-C(63)     -1.1(4) 

P(2)-C(61)-C(62)-C(63)     174.4(2) 

C(61)-C(62)-C(63)-C(64)     -0.5(4) 

C(62)-C(63)-C(64)-C(65)     1.7(5) 

C(63)-C(64)-C(65)-C(66)     -1.3(5) 

C(62)-C(61)-C(66)-C(65)     1.5(4) 

P(2)-C(61)-C(66)-C(65)     -174.3(2) 

C(64)-C(65)-C(66)-C(61)     -0.3(5) 
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6��6�   x   y   z   U(eq)A**2 

 

Cu(1)   2485(1)  8162(1)  1008(1)  38(1) 

Br(1)   3639(1)  8468(1)  78(1)  55(1) 

P(1)   3936(1)  8667(1)  1850(1)  32(1) 

P(2)   1950(1)  6895(1)  926(1)  39(1) 

S(1)   539(1)  8964(1)  971(1)  54(1) 

N(1)   -1666(2) 9268(2)  94(1)  70(1) 

N(2)   260(2)  8862(1)  -261(1)  65(1) 

C(1)   -351(2)  9040(1)  215(1)  52(1) 

C(2)   -2502(3) 9452(2)  565(2)  84(1) 

C(3)   -430(4)  8825(2)  -914(1)  85(1) 

C(11)   5767(2)  8415(1)  1936(1)  38(1) 

C(12)   6843(2)  8867(1)  2241(1)  53(1) 

C(13)   8202(3)  8620(2)  2299(2)  69(1) 

C(14)   8498(3)  7931(2)  2057(2)  69(1) 

C(15)   7447(3)  7489(1)  1750(2)  65(1) 

C(16)   6079(2)  7728(1)  1691(1)  51(1) 

C(21)   3510(2)  8449(1)  2617(1)  36(1) 

C(22)   2139(2)  8505(2)  2689(1)  62(1) 

C(23)   1741(3)  8307(2)  3246(1)  78(1) 

C(24)   2698(3)  8042(2)  3741(1)  66(1) 

C(25)   4056(3)  7984(2)  3680(1)  59(1) 

C(26)   4469(2)  8187(1)  3127(1)  47(1) 

C(31)   3985(2)  9705(1)  1832(1)  37(1) 

C(32)   3649(3)  10156(1) 2298(1)  64(1) 

C(33)   3689(4)  10939(2) 2247(2)  92(1) 

C(34)   4087(4)  11265(2) 1739(2)  84(1) 
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C(35)   4436(3)  10830(2) 1274(1)  69(1) 

C(36)   4359(3)  10047(1) 1313(1)  52(1) 

C(41)   3368(2)  6246(1)  844(1)  44(1) 

C(42)   4370(3)  6481(1)  511(1)  62(1) 

C(43)   5494(3)  6022(2)  468(2)  80(1) 

C(44)   5631(3)  5325(2)  746(2)  80(1) 

C(45)   4657(4)  5081(2)  1063(2)  82(1) 

C(46)   3524(3)  5534(2)  1118(1)  68(1) 

C(51)   582(2)  6674(1)  253(1)  48(1) 

C(52)   652(3)  6094(2)  -166(1)  69(1) 

C(53)   -450(4)  5970(2)  -662(2)  94(1) 

C(54)   -1592(4) 6418(2)  -742(2)  101(1) 

C(55)   -1692(3) 6992(2)  -327(2)  91(1) 

C(56)   -607(3)  7124(2)  172(1)  68(1) 

C(61)   1282(2)  6443(1)  1574(1)  45(1) 

C(62)   100(3)  5997(1)  1486(1)  57(1) 

C(63)   -281(3)  5620(2)  1990(2)  75(1) 

C(64)   515(4)  5681(2)  2579(2)  86(1) 

C(65)   1665(4)  6129(2)  2673(1)  86(1) 

C(66)   2059(3)  6515(2)  2175(1)  67(1) 
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6��6�   x   y   z   U(eq)A**2 

 

H(1)   -2000(30) 9328(18) -300(9)  84 

H(2)   1178(19) 8774(17) -155(13) 78 

H(2A)   -2542  9020  831  126 

H(2B)   -3426  9586  360  126 

H(2C)   -2090  9872  814  126 

H(3A)   -1208  8485  -954  128 

H(3B)   212  8643  -1166  128 

H(3C)   -750  9322  -1055  128 

H(12)   6652  9334  2406  63 

H(13)   8922  8923  2504  83 

H(14)   9414  7768  2103  82 

H(15)   7647  7026  1580  78 

H(16)   5365  7423  1483  61  

H(22)   1474  8680  2356  75 

H(23)   815  8355  3286  93 

H(24)   2426  7902  4114  79 

H(25)   4712  7806  4015  71 

H(26)   5401  8148  3095  56 

H(32)   3393  9935  2650  77 

H(33)   3443  11243  2560  110 

H(34)   4122  11791  1710  101 

H(35)   4724  11057  932  82 

H(36)   4560  9749  987  63 

H(42)   4286  6952  314  74 

H(43)   6165  6191  248  95 

H(44)   6391  5020  715  96 
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������	
 11 �C��DE6�6��6�GH�D��I�;�������� [Cu(PPh3)2(dmtu)Br] 

 

6��6�   x   y   z   U(eq)A**2 

 

H(45)   4743  4603  1248  98 

H(46)   2864  5358  1342  81 

H(52)   1435  5785  -118  82 

H(53)   -402  5575  -941  112 

H(54)   -2312  6336  -1080  121 

H(55)   -2486  7293  -379  109 

H(56)   -674  7515  453  82 

H(62)   -442  5949  1088  68 

H(63)   -1082  5323  1928  90 

H(64)   270  5416  2913  103 

H(65)   2192  6178  3075  103 

H(66)   2845  6823  2245  81 
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������	
 12 ��6�Q�6������C��6�QE6�6��6�;�������� [Cu(PPh3)2(dmtu)Br] 

 

6��6�  U11            U22             U33        U23               U13          U12 

 

Cu(1)  38(1)   38(1)            36(1)          0(1) 4(1)          -3(1) 

Br(1)  63(1)   61(1)            46(1)          4(1) 23(1)          -5(1) 

P(1)  30(1)   33(1)            33(1)        -1(1) 6(1)            0(1) 

P(2)  41(1)   36(1)            39(1)         0(1) 6(1)          -5(1) 

S(1)  48(1)   63(1)            47(1)         0(1) 1(1)          16(1) 

N(1)  50(1)   92(2)            65(1)       23(1) -1(1)          11(1) 

N(2)  56(1)   87(2)            49(1)       14(1) 5(1)            2(1) 

C(1)  47(1)   53(1)            53(1)       14(1) 2(1)          -1(1) 

C(2)  53(2)   103(2)            95(2)       19(2) 13(2)          22(2) 

C(3)  92(2)   111(3)            48(2)       19(2) 2(2)           4(2) 

C(11)  32(1)   42(1)            40(1)         4(1) 8(1)           1(1) 

C(12)  38(1)   52(1)            65(2)        -6(1) 3(1)          -3(1) 

C(13)  34(1)   75(2)            94(2)         2(2) -2(1)          -4(1) 

C(14)  36(1)   72(2)          100(2)       19(2) 16(1)         13(1) 

C(15)  53(2)   51(1)            97(2)         3(1) 28(1)         14(1) 

C(16)  41(1)   45(1)            69(2)        -5(1) 14(1)           1(1) 

C(21)  39(1)   37(1)            33(1)        -2(1) 6(1)          -1(1) 

C(22)  40(1)   103(2)            44(1)        16(1) 9(1)           6(1) 

C(23)  48(2)   136(3)            54(2)        16(2) 22(1)           8(2) 

C(24)  76(2)   84(2)            42(1)        12(1) 22(1)           5(2) 

C(25)  68(2)   69(2)           39(1)        11(1) 7(1)         15(1) 

C(26)  46(1)   52(1)           43(1)         6(1) 7(1)          9(1) 

C(31)  33(1)   34(1)           42(1)        -2(1) 4(1)          0(1) 

C(32)  90(2)   45(1)           64(2)        -9(1) 30(1)         -2(1) 

C(33)  134(3)   47(2)         106(3)             -25(2) 50(2)         -2(2) 

C(34)  97(2)   35(1)         120(3)         1(2) 22(2)       -10(1) 
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������	
 12 (��6) 

 

6��6�  U11            U22             U33        U23               U13          U12 

 

C(35)  73(2)   50(1)           84(2)        15(1) 17(2)         -13(1) 

C(36)  57(1)   45(1)           57(1)          3(1) 16(1)           -3(1) 

C(41)  48(1)   40(1)           43(1)         -7(1) 5(1)           -1(1) 

C(42)  73(2)   51(1)           69(2)         -6(1) 31(1)             1(1) 

C(43)  71(2)   80(2)           96(2)        -21(2) 40(2)             2(2) 

C(44)  71(2)   77(2)           90(2)        -25(2) 8(2)           24(2) 

C(45)  96(2)   60(2)           89(2)          11(2) 16(2)           28(2) 

C(46)  75(2)   51(1)           80(2)          10(1) 23(2)             9(1) 

C(51)  49(1)   47(1)           45(1)            3(1) 3(1)          -16(1) 

C(52)  66(2)   79(2)           58(2)        -18(1) 7(1)          -14(1) 

C(53)  98(3)   112(3)           65(2)        -29(2) -1(2)          -33(2) 

C(54)  91(3)   118(3)           77(2)           8(2) -28(2)          -43(2) 

C(55)  68(2)   77(2)          111(3)         21(2) -28(2)          -17(2) 

C(56)  56(2)   55(1)           84(2)          5(1) -11(1)          -12(1) 

C(61)  54(1)   37(1)           46(1)          2(1) 15(1)             0(1) 

C(62)  59(2)   54(1)           63(2)          3(1) 24(1)           -5(1) 

C(63)  87(2)   66(2)           84(2)          3(2) 49(2)         -15(2) 

C(64)  138(3)   65(2)          70(2)         10(2) 62(2)           -4(2) 

C(65)  131(3)   83(2)          46(2)          8(1) 20(2)           -7(2) 

C(66)  86(2)   63(2)          52(1)          6(1) 12(1)          -13(1) 
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������	
 13 �
����
��������
���6��6�;��������[Cu(PPh3)2(dmtu)I] 

 

�����                 �
����
����� (Å) 

 

Cu(1)-P(2)  2.2951(6) 

Cu(1)-P(1)  2.3121(6) 

Cu(1)-S(1)  2.3704(6) 

Cu(1)-I(1)  2.7093(3) 

S(1)-C(1)  1.702(2) 

P(1)-C(31)  1.828(2) 

P(1)-C(11)  1.832(2) 

P(1)-C(21)  1.832(2) 

P(2)-C(41)  1.823(2) 

P(2)-C(51)  1.835(2) 

P(2)-C(61)  1.842(2) 

N(1)-C(1)  1.333(3) 

N(1)-C(2)  1.439(4) 

N(1)-H(1)  0.8600 

N(2)-C(1)  1.323(3) 

N(2)-C(3)  1.454(3) 

N(2)-H(2)  0.8600 

C(2)-H(2A)  0.9600 

C(2)-H(2B)  0.9600 

C(2)-H(2C)  0.9600 

C(3)-H(3A)  0.9600 

C(3)-H(3B)  0.9600 

C(3)-H(3C)  0.9600 

C(11)-C(16)  1.375(3) 

C(11)-C(12)  1.382(3) 

C(12)-C(13)  1.382(4) 



 

   

150 

������	
 13 (��6) 

 

�����               �
����
����� (Å) 

 

C(12)-H(12)  0.9300 

C(13)-C(14)  1.377(5) 

C(13)-H(13)  0.9300 

C(14)-C(15)  1.364(5) 

C(14)-H(14)  0.9300 

C(15)-C(16)  1.380(4) 

C(15)-H(15)  0.9300 

C(16)-H(16)  0.9300 

C(21)-C(26)  1.387(3) 

C(21)-C(22)  1.394(3) 

C(22)-C(23)  1.385(4) 

C(22)-H(22)  0.9300 

C(23)-C(24)  1.374(4) 

C(23)-H(23)  0.9300 

C(24)-C(25)  1.369(4) 

C(24)-H(24)  0.9300 

C(25)-C(26)  1.387(3) 

C(25)-H(25)  0.9300 

C(26)-H(26)  0.9300 

C(31)-C(36)  1.380(3) 

C(31)-C(32)  1.382(3) 

C(32)-C(33)  1.385(4) 

C(32)-H(32)  0.9300 

C(33)-C(34)  1.360(5) 

C(33)-H(33)  0.9300 

C(34)-C(35)  1.355(5) 
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������	
 13 (��6) 

 

�����               �
����
����� (Å) 

 

C(34)-H(34)  0.9300 

C(35)-C(36)  1.379(4) 

C(35)-H(35)  0.9300 

C(36)-H(36)  0.9300 

C(41)-C(42)  1.385(3) 

C(41)-C(46)  1.386(3) 

C(42)-C(43)  1.390(4) 

C(42)-H(42)  0.9300 

C(43)-C(44)  1.360(5) 

C(43)-H(43)  0.9300 

C(44)-C(45)  1.373(5) 

C(44)-H(44)  0.9300 

C(45)-C(46)  1.383(4) 

C(45)-H(45)  0.9300 

C(46)-H(46)  0.9300 

C(51)-C(56)  1.384(3) 

C(51)-C(52)  1.389(3) 

C(52)-C(53)  1.391(4) 

C(52)-H(52)  0.9300 

C(53)-C(54)  1.375(4) 

C(53)-H(53)  0.9300 

C(54)-C(55)  1.369(4) 

C(54)-H(54)  0.9300 

C(55)-C(56)  1.387(4) 

C(55)-H(55)  0.9300 

C(56)-H(56)  0.9300 
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������	
 13 (��6) 

 

�����               �
����
����� (Å) 

 

C(61)-C(66)  1.375(4) 

C(61)-C(62)  1.385(4) 

C(62)-C(63)  1.380(4) 

C(62)-H(62)  0.9300 

C(63)-C(64)  1.357(5) 

C(63)-H(63)  0.9300 

C(64)-C(65)  1.355(5) 

C(64)-H(64)  0.9300 

C(65)-C(66)  1.393(4) 

C(65)-H(65)  0.9300 

C(66)-H(66)  0.9300 
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������	
 14 �����������
���6��6�;��������[Cu(PPh3)2(dmtu)I] 

 

�����                 �������� ( <) 

 

P(2)-Cu(1)-P(1) 115.74(2) 

P(2)-Cu(1)-S(1) 119.31(2) 

P(1)-Cu(1)-S(1) 101.67(2) 

P(2)-Cu(1)-I(1) 107.645(17) 

P(1)-Cu(1)-I(1) 103.010(17) 

S(1)-Cu(1)-I(1) 108.118(19) 

C(1)-S(1)-Cu(1) 110.40(9) 

C(31)-P(1)-C(11) 103.44(10) 

C(31)-P(1)-C(21) 103.87(10) 

C(11)-P(1)-C(21) 100.45(10) 

C(31)-P(1)-Cu(1) 115.52(8) 

C(11)-P(1)-Cu(1) 112.39(7) 

C(21)-P(1)-Cu(1) 119.05(7) 

C(41)-P(2)-C(51) 103.11(10) 

C(41)-P(2)-C(61) 101.72(10) 

C(51)-P(2)-C(61) 103.72(10) 

C(41)-P(2)-Cu(1) 109.10(7) 

C(51)-P(2)-Cu(1) 115.20(8) 

C(61)-P(2)-Cu(1) 121.73(8) 

C(1)-N(1)-C(2) 125.3(2) 

C(1)-N(1)-H(1) 117.4 

C(2)-N(1)-H(1) 117.4 

C(1)-N(2)-C(3) 125.2(2) 

C(1)-N(2)-H(2) 117.4 

C(3)-N(2)-H(2) 117.4 

N(2)-C(1)-N(1) 117.6(2) 



 

   

154 

������	
 14 (��6) 

 

�����                 �������� ( <) 

 

N(2)-C(1)-S(1) 120.89(18) 

N(1)-C(1)-S(1) 121.51(19) 

N(1)-C(2)-H(2A) 109.5 

N(1)-C(2)-H(2B) 109.5 

H(2A)-C(2)-H(2B) 109.5 

N(1)-C(2)-H(2C) 109.5 

H(2A)-C(2)-H(2C) 109.5 

H(2B)-C(2)-H(2C) 109.5 

N(2)-C(3)-H(3A) 109.5 

N(2)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

N(2)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

C(16)-C(11)-C(12) 118.8(2) 

C(16)-C(11)-P(1) 123.74(19) 

C(12)-C(11)-P(1) 117.34(17) 

C(11)-C(12)-C(13) 120.3(2) 

C(11)-C(12)-H(12) 119.9 

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

C(14)-C(13)-C(12) 120.1(3) 

C(14)-C(13)-H(13) 120.0 

C(12)-C(13)-H(13) 120.0 

C(15)-C(14)-C(13) 119.8(3) 

C(15)-C(14)-H(14) 120.1 

C(13)-C(14)-H(14) 120.1 
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������	
 14 (��6) 

 

�����                 �������� ( <) 

 

C(14)-C(15)-C(16) 120.1(3) 

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

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

C(11)-C(16)-C(15) 120.8(3) 

C(11)-C(16)-H(16) 119.6 

C(15)-C(16)-H(16) 119.6 

C(26)-C(21)-C(22) 118.7(2) 

C(26)-C(21)-P(1) 118.52(17) 

C(22)-C(21)-P(1) 122.78(18) 

C(23)-C(22)-C(21) 120.4(2) 

C(23)-C(22)-H(22) 119.8 

C(21)-C(22)-H(22) 119.8 

C(24)-C(23)-C(22) 120.0(3) 

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

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

C(25)-C(24)-C(23) 120.1(2) 

C(25)-C(24)-H(24) 119.9 

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

C(24)-C(25)-C(26) 120.4(2) 

C(24)-C(25)-H(25) 119.8 

C(26)-C(25)-H(25) 119.8 

C(21)-C(26)-C(25) 120.3(2) 

C(21)-C(26)-H(26) 119.9 

C(25)-C(26)-H(26) 119.9 

C(36)-C(31)-C(32) 117.6(2) 

C(36)-C(31)-P(1) 117.26(18) 
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������	
 14 (��6) 

 

�����                 �������� ( <) 

 

C(32)-C(31)-P(1) 125.2(2) 

C(31)-C(32)-C(33) 120.4(3) 

C(31)-C(32)-H(32) 119.8 

C(33)-C(32)-H(32) 119.8 

C(34)-C(33)-C(32) 120.9(3) 

C(34)-C(33)-H(33) 119.5 

C(32)-C(33)-H(33) 119.5 

C(35)-C(34)-C(33) 119.4(3) 

C(35)-C(34)-H(34) 120.3 

C(33)-C(34)-H(34) 120.3 

C(34)-C(35)-C(36) 120.5(3) 

C(34)-C(35)-H(35) 119.8 

C(36)-C(35)-H(35) 119.8 

C(35)-C(36)-C(31) 121.3(3) 

C(35)-C(36)-H(36) 119.4 

C(31)-C(36)-H(36) 119.4 

C(42)-C(41)-C(46) 119.0(2) 

C(42)-C(41)-P(2) 120.88(19) 

C(46)-C(41)-P(2) 119.68(18) 

C(41)-C(42)-C(43) 119.9(3) 

C(41)-C(42)-H(42) 120.1 

C(43)-C(42)-H(42) 120.1 

C(44)-C(43)-C(42) 120.4(3) 

C(44)-C(43)-H(43) 119.8 

C(42)-C(43)-H(43) 119.8 

C(43)-C(44)-C(45) 120.4(3) 
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������	
 14 (��6) 

 

�����                 �������� ( <) 

 

C(43)-C(44)-H(44) 119.8 

C(45)-C(44)-H(44) 119.8 

C(44)-C(45)-C(46) 119.9(3) 

C(44)-C(45)-H(45) 120.1 

C(46)-C(45)-H(45) 120.1 

C(45)-C(46)-C(41) 120.4(3) 

C(45)-C(46)-H(46) 119.8 

C(41)-C(46)-H(46) 119.8 

C(56)-C(51)-C(52) 118.8(2) 

C(56)-C(51)-P(2) 117.69(18) 

C(52)-C(51)-P(2) 123.52(18) 

C(51)-C(52)-C(53) 120.4(3) 

C(51)-C(52)-H(52) 119.8 

C(53)-C(52)-H(52) 119.8 

C(54)-C(53)-C(52) 120.0(3) 

C(54)-C(53)-H(53) 120.0 

C(52)-C(53)-H(53) 120.0 

C(55)-C(54)-C(53) 120.0(3) 

C(55)-C(54)-H(54) 120.0 

C(53)-C(54)-H(54) 120.0 

C(54)-C(55)-C(56) 120.4(3) 

C(54)-C(55)-H(55) 119.8 

C(56)-C(55)-H(55) 119.8 

C(51)-C(56)-C(55) 120.4(3) 

C(51)-C(56)-H(56) 119.8 

C(55)-C(56)-H(56) 119.8 
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������	
 14 (��6) 

 

�����                 �������� ( <) 

 

C(66)-C(61)-C(62) 118.0(2) 

C(66)-C(61)-P(2) 119.79(19) 

C(62)-C(61)-P(2) 122.2(2) 

C(63)-C(62)-C(61) 121.0(3) 

C(63)-C(62)-H(62) 119.5 

C(61)-C(62)-H(62) 119.5 

C(64)-C(63)-C(62) 120.3(3) 

C(64)-C(63)-H(63) 119.9 

C(62)-C(63)-H(63) 119.9 

C(65)-C(64)-C(63) 119.8(3) 

C(65)-C(64)-H(64) 120.1 

C(63)-C(64)-H(64) 120.1 

C(64)-C(65)-C(66) 120.7(3) 

C(64)-C(65)-H(65) 119.7 

C(66)-C(65)-H(65) 119.7 

C(61)-C(66)-C(65) 120.3(3) 

C(61)-C(66)-H(66) 119.9 

C(65)-C(66)-H(66) 119.9 
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������	
 15 ��� Torsion ;�������� [Cu(PPh3)2(dmtu)I] 

 

�����                    �������� ( <) 

 

P(2)-Cu(1)-S(1)-C(1)     -43.27(9) 

P(1)-Cu(1)-S(1)-C(1)     -171.91(8) 

I(1)-Cu(1)-S(1)-C(1)      80.06(9) 

P(2)-Cu(1)-P(1)-C(31)     -47.33(8) 

S(1)-Cu(1)-P(1)-C(31)     83.56(8) 

I(1)-Cu(1)-P(1)-C(31)     -164.50(8) 

P(2)-Cu(1)-P(1)-C(11)     -165.70(8) 

S(1)-Cu(1)-P(1)-C(11)     -34.82(8) 

I(1)-Cu(1)-P(1)-C(11)     77.12(8) 

P(2)-Cu(1)-P(1)-C(21)     77.35(8) 

S(1)-Cu(1)-P(1)-C(21)     -151.76(8) 

I(1)-Cu(1)-P(1)-C(21)     -39.82(8) 

P(1)-Cu(1)-P(2)-C(41)     -41.18(8) 

S(1)-Cu(1)-P(2)-C(41)     -163.06(8) 

I(1)-Cu(1)-P(2)-C(41)     73.37(8) 

P(1)-Cu(1)-P(2)-C(51)     74.17(8) 

S(1)-Cu(1)-P(2)-C(51)     -47.71(8) 

I(1)-Cu(1)-P(2)-C(51)     -171.27(8) 

P(1)-Cu(1)-P(2)-C(61)     -159.02(8) 

S(1)-Cu(1)-P(2)-C(61)     79.10(9) 

I(1)-Cu(1)-P(2)-C(61)     -44.46(9) 

C(3)-N(2)-C(1)-N(1)      3.6(4) 

C(3)-N(2)-C(1)-S(1)      -176.5(2) 

C(2)-N(1)-C(1)-N(2)      -177.0(3) 

C(2)-N(1)-C(1)-S(1)      3.1(4) 

Cu(1)-S(1)-C(1)-N(2)     0.6(2) 



 

   

160 

������	
 15 (��6) 
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Cu(1)-S(1)-C(1)-N(1)     -179.51(17) 

C(31)-P(1)-C(11)-C(16)     12.2(3) 

C(21)-P(1)-C(11)-C(16)     -94.9(2) 

Cu(1)-P(1)-C(11)-C(16)     137.5(2) 

C(31)-P(1)-C(11)-C(12)     -171.58(19) 

C(21)-P(1)-C(11)-C(12)     81.3(2) 

Cu(1)-P(1)-C(11)-C(12)     -46.3(2) 

C(16)-C(11)-C(12)-C(13)     3.1(4) 

P(1)-C(11)-C(12)-C(13)     -173.3(2) 

C(11)-C(12)-C(13)-C(14)     -1.1(4) 

C(12)-C(13)-C(14)-C(15)     -1.7(5) 

C(13)-C(14)-C(15)-C(16)     2.5(5) 

C(12)-C(11)-C(16)-C(15)     -2.4(4) 

P(1)-C(11)-C(16)-C(15)     173.8(3) 

C(14)-C(15)-C(16)-C(11)     -0.4(5) 

C(31)-P(1)-C(21)-C(26)     105.72(18) 

C(11)-P(1)-C(21)-C(26)     -147.48(18) 

Cu(1)-P(1)-C(21)-C(26)     -24.4(2) 

C(31)-P(1)-C(21)-C(22)     -75.7(2) 

C(11)-P(1)-C(21)-C(22)     31.1(2) 

Cu(1)-P(1)-C(21)-C(22)     154.13(18) 

C(26)-C(21)-C(22)-C(23)     -0.2(4) 

P(1)-C(21)-C(22)-C(23)     -178.8(2) 

C(21)-C(22)-C(23)-C(24)     0.2(4) 

C(22)-C(23)-C(24)-C(25)     -0.4(4) 

C(23)-C(24)-C(25)-C(26)     0.5(4) 
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C(22)-C(21)-C(26)-C(25)     0.4(3) 

P(1)-C(21)-C(26)-C(25)     178.98(18) 

C(24)-C(25)-C(26)-C(21)     -0.5(4) 

C(11)-P(1)-C(31)-C(36)     93.6(2) 

C(21)-P(1)-C(31)-C(36)     -161.9(2) 

Cu(1)-P(1)-C(31)-C(36)     -29.6(2) 

C(11)-P(1)-C(31)-C(32)     -86.3(3) 

C(21)-P(1)-C(31)-C(32)     18.3(3) 

Cu(1)-P(1)-C(31)-C(32)     150.5(2) 

C(36)-C(31)-C(32)-C(33)     -1.2(5) 

P(1)-C(31)-C(32)-C(33)     178.7(3) 

C(31)-C(32)-C(33)-C(34)     0.2(6) 

C(32)-C(33)-C(34)-C(35)     0.9(6) 

C(33)-C(34)-C(35)-C(36)     -1.1(6) 

C(34)-C(35)-C(36)-C(31)     0.1(5) 

C(32)-C(31)-C(36)-C(35)     1.0(4) 

P(1)-C(31)-C(36)-C(35)     -178.9(2) 

C(51)-P(2)-C(41)-C(42)     138.5(2) 

C(61)-P(2)-C(41)-C(42)     31.2(2) 

Cu(1)-P(2)-C(41)-C(42)     -98.6(2) 

C(51)-P(2)-C(41)-C(46)     -48.8(2) 

C(61)-P(2)-C(41)-C(46)     -156.08(19) 

Cu(1)-P(2)-C(41)-C(46)     74.11(19) 

C(46)-C(41)-C(42)-C(43)     -0.3(4) 

P(2)-C(41)-C(42)-C(43)     172.4(2) 

C(41)-C(42)-C(43)-C(44)     1.0(5) 
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C(42)-C(43)-C(44)-C(45)     -0.5(5) 

C(43)-C(44)-C(45)-C(46)     -0.8(5) 

C(44)-C(45)-C(46)-C(41)     1.4(4) 

C(42)-C(41)-C(46)-C(45)     -0.9(4) 

P(2)-C(41)-C(46)-C(45)     -173.73(19) 

C(41)-P(2)-C(51)-C(56)     151.19(18) 

C(61)-P(2)-C(51)-C(56)     -103.05(19) 

Cu(1)-P(2)-C(51)-C(56)     32.4(2) 

C(41)-P(2)-C(51)-C(52)     -28.1(2) 

C(61)-P(2)-C(51)-C(52)     77.7(2) 

Cu(1)-P(2)-C(51)-C(52)     -146.81(18) 

C(56)-C(51)-C(52)-C(53)     0.4(4) 

P(2)-C(51)-C(52)-C(53)     179.7(2) 

C(51)-C(52)-C(53)-C(54)     0.0(4) 

C(52)-C(53)-C(54)-C(55)     -0.4(4) 

C(53)-C(54)-C(55)-C(56)     0.3(4) 

C(52)-C(51)-C(56)-C(55)     -0.5(4) 

P(2)-C(51)-C(56)-C(55)     -179.8(2) 

C(54)-C(55)-C(56)-C(51)     0.2(4) 

C(41)-P(2)-C(61)-C(66)     -109.1(2) 

C(51)-P(2)-C(61)-C(66)     144.1(2) 

Cu(1)-P(2)-C(61)-C(66)     12.3(2) 

C(41)-P(2)-C(61)-C(62)     68.0(2) 

C(51)-P(2)-C(61)-C(62)     -38.8(2) 

Cu(1)-P(2)-C(61)-C(62)     -170.6(2) 

C(66)-C(61)-C(62)-C(63)     -0.4(4) 
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P(2)-C(61)-C(62)-C(63)     -177.6(2) 

C(61)-C(62)-C(63)-C(64)     0.0(5) 

C(62)-C(63)-C(64)-C(65)     0.0(5) 

C(63)-C(64)-C(65)-C(66)     0.3(6) 

C(62)-C(61)-C(66)-C(65)     0.8(4) 

P(2)-C(61)-C(66)-C(65)     178.0(2) 

C(64)-C(65)-C(66)-C(61)     -0.8(5) 
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6��6�   x   y   z   U(eq)A**2 

 

Cu(1)   6061(1)  8461(1)  3119(1)  34(1) 

I(1)    7097(1)  7991(1)  2046(1)  43(1) 

S(1)   7358(1)  9433(1)  3704(1)  44(1) 

P(1)   6451(1)  7439(1)  3869(1)  31(1) 

P(2)   3989(1)  8724(1)  2721(1)  33(1) 

N(1)   7698(2)  10928(1) 3530(1)  51(1) 

N(2)   6220(2)  10355(1) 2740(1)  54(1) 

C(1)   7074(2)  10294(1) 3299(1)  41(1) 

C(2)   8694(3)  10962(2) 4109(2)  75(1) 

C(3)   5954(3)  11051(2) 2336(2)  67(1) 

C(11)   8074(2)  7421(1)  4318(1)  37(1) 

C(12)   9004(2)  7527(2)  3933(1)  49(1) 

C(13)   10248(3) 7442(2)  4226(2)  64(1) 

C(14)   10568(3) 7262(2)  4907(2)  69(1) 

C(15)   9656(3)  7190(2)  5295(2)  75(1) 

C(16)   8412(3)  7266(2)  5001(1)  61(1) 

C(21)   6297(2)  6455(1)  3534(1)  36(1) 

C(22)   6947(3)  5833(1)  3868(1)  50(1) 

C(23)   6814(3)  5102(2)  3586(2)  59(1) 

C(24)   6042(3)  4987(2)  2971(2)  57(1) 

C(25)   5396(2)  5592(2)  2638(1)  51(1) 

C(26)   5522(2)  6327(1)  2914(1)  39(1) 

C(31)   5539(2)  7430(1)  4558(1)  38(1) 

C(32)   5187(3)  6776(2)  4872(2)  65(1) 

C(33)   4516(3)  6837(2)  5400(2)  80(1) 

C(34)   4186(3)  7537(2)  5618(2)  71(1) 
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6��6�   x   y   z   U(eq)A**2 

 

C(35)   4504(3)  8182(2)  5307(2)  73(1) 

C(36)   5176(3)  8132(2)  4782(1)  54(1) 

C(41)   3143(2)  7821(1)  2532(1)  38(1) 

C(42)   2875(3)  7540(2)  1873(1)  57(1) 

C(43)   2362(3)  6810(2)  1751(2)  76(1) 

C(44)   2104(3)  6372(2)  2275(2)  73(1) 

C(45)   2354(3)  6645(2)  2931(2)  61(1) 

C(46)   2887(2)  7365(1)  3062(1)  45(1) 

C(51)   3152(2)  9190(1)  3335(1)  38(1) 

C(52)   1895(2)  9064(2)  3355(1)  49(1) 

C(53)   1322(3)  9434(2)  3838(2)  60(1) 

C(54)   2001(3)  9929(2)  4299(1)  62(1) 

C(55)   3243(3)  10053(2) 4286(1)  60(1) 

C(56)   3823(2)  9685(1)  3807(1)  46(1) 

C(61)   3484(2)  9271(1)  1929(1)  40(1) 

C(62)   2265(3)  9528(2)  1735(2)  64(1) 

C(63)   1901(3)  9912(2)  1127(2)  75(1) 

C(64)   2736(4)  10044(2) 707(2)  78(1) 

C(65)   3934(4)  9798(2)  886(2)  82(1) 

C(66)   4317(3)  9406(2)  1496(1)  60(1) 
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6��6�   x   y   z   U(eq)A**2 

 

H(1)   7487  11351  3316  62 

H(2)   5787  9952  2606  65 

H(2A)   8347  11018  4517  112 

H(2B)   9224  11395  4062  112 

H(2C)   9177  10497  4134  112 

H(3A)   5652  11444  2606  101 

H(3B)   5328  10944  1944  101 

H(3C)   6705  11227  2191  101 

H(12)   8792  7657  3475  59 

H(13)   10870  7505  3964  77 

H(14)   11403  7191  5102  83 

H(15)   9872  7088  5759  90 

H(16)   7796  7212  5269  73 

H(22)   7473  5909  4284  60 

H(23)   7248  4690  3813  70 

H(24)   5958  4496  2781  68 

H(25)   4869  5509  2223  61 

H(26)   5084  6735  2682  47 

H(32)   5403  6293  4728  78 

H(33)   4287  6393  5609  96 

H(34)   3746  7572  5977  85 

H(35)   4269  8662  5448  88 

H(36)   5389  8581  4574  65 

H(42)   3038  7841  1512  68 

H(43)   2195  6619  1309  91 

H(44)   1755  5885  2188  87 
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6��6�   x   y   z   U(eq)A**2 

 

H(45)   2167  6346  3287  74 

H(46)   3073  7544  3507  54 

H(52)   1433  8730  3043  58 

H(53)   479  9348  3848  72 

H(54)   1617  10179  4620  75 

H(55)   3701  10386  4600  72 

H(56)   4668  9772  3803  55 

H(62)   1684  9441  2019  76 

H(63)   1078  10081  1004  89 

H(64)   2488  10303  297  93 

H(65)   4507  9891  598  98 

H(66)   5139  9234  1610  71 
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6��6�  U11            U22             U33        U23               U13          U12 

 

Cu(1)  39(1)   30(1)           35(1)          1(1) 8(1)           -1(1) 

I(1)  54(1)   40(1)           38(1)         -2(1) 17(1)            3(1) 

S(1)  54(1)   32(1)           45(1)          0(1) 2(1)           -7(1) 

P(1)  37(1)   28(1)           30(1)          1(1) 7(1)           -2(1) 

P(2)  37(1)   29(1)           32(1)         -1(1) 7(1)             2(1) 

N(1)  64(1)   31(1)           61(1)         -2(1) 17(1)           -6(1) 

N(2)  52(1)   43(1)          65(1)         14(1) 6(1)           -8(1) 

C(1)  42(1)   35(1)          50(1)         -2(1) 19(1)           -2(1) 

C(2)  95(2)   50(2)          75(2)         -8(2) 1(2)         -21(2) 

C(3)  61(2)   55(2)          84(2)        26(2) 10(2)            2(1) 

C(11)  41(1)   32(1)          37(1)          0(1) 3(1)           -3(1) 

C(12)  44(1)   60(2)          45(1)        -2(1) 9(1)           -3(1) 

C(13)  45(2)   73(2)          76(2)        -8(2) 14(1)           -4(1) 

C(14)  44(2)   67(2)          87(2)          0(2) -12(2)           -4(1) 

C(15)  63(2)   98(2)          55(2)        17(2) -17(2)         -15(2) 

C(16)  51(2)   85(2)          44(1)        12(1) 1(1)         -14(1) 

C(21)  38(1)   29(1)          40(1)          0(1) 11(1)           -2(1) 

C(22)  60(2)   36(1)          52(1)          4(1) 6(1)             3(1) 

C(23)  69(2)   33(1)          76(2)          6(1) 17(2)             7(1) 

C(24)  62(2)   35(1)          79(2)       -13(1) 25(2)            -7(1) 

C(25)  50(1)   46(1)          58(2)       -17(1) 12(1)            -9(1) 

C(26)  38(1)   37(1)          44(1)        -5(1) 9(1)              0(1) 

C(31)  40(1)   42(1)          33(1)         1(1) 8(1)             -4(1) 

C(32)  82(2)   50(2)          74(2)         7(1) 40(2)             -8(2) 

C(33)  94(2)   79(2)          78(2)                17(2) 47(2)           -21(2) 

C(34)  62(2)   101(3)          58(2)         -3(2) 31(1)             -9(2) 
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6��6�  U11            U22             U33        U23               U13          U12 

 

Cu(1)  39(1)   30(1)           35(1)          1(1) 8(1)           -1(1) 

C(35)  88(2)   76(2)           65(2)        -8(2) 41(2)              9(2) 

C(36)  71(2)   48(1)           50(2)          0(1) 28(1)             1(1) 

C(41)  36(1)   30(1)           47(1)        -2(1) 5(1)             1(1) 

C(42)  76(2)   44(1)           48(1)         -7(1) 3(1)           -8(1) 

C(43)  97(2)   54(2)           69(2)      -21(2) -5(2)          -15(2) 

C(44)  70(2)   45(2)         102(3)      -17(2) 13(2)         -17(1) 

C(45)  58(2)   44(2)          87(2)         7(1) 26(2)           -7(1) 

C(46)  43(1)   39(1)          55(1)         0(1) 13(1)            0(1) 

C(51)  45(1)   32(1)              37(1)         3(1) 11(1)            7(1) 

C(52)  49(1)   44(1)          54(2)         1(1) 13(1)            8(1) 

C(53)  58(2)   60(2)          69(2)         9(2) 30(1)          17(1) 

C(54)  86(2)   56(2)          52(2)        -1(1) 31(2)          20(2) 

C(55)  86(2)   49(2)          47(2)      -10(1) 14(1)           6(1) 

C(56)  57(2)   40(1)          42(1)        -3(1) 11(1)           2(1) 

C(61)  52(1)   31(1)          34(1)         0(1) 2(1)           3(1) 

C(62)  60(2)   67(2)          62(2)       17(2) 5(1)          11(1) 

C(63)  79(2)   75(2)          61(2)       12(2) -13(2)           18(2) 

C(64)  122(3)   63(2)          42(2)         9(1) -6(2)          26(2) 

C(65)  113(3)   88(2)          50(2)       20(2) 33(2)          20(2) 

C(66)  72(2)   63(2)          46(1)       13(1) 18(1)          15(1) 
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