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O(2i)---Na(1)----O(7) 
O(1..y----Na(1)---O(8) 
O(6U)---Na(1)----O(9) 
O(7)----Na(1)---O(9) 
O(8)---Na(1)---O(9) 
O(7)---Na(1)----O(8) 
O(l)---Na(l)---O(7) 
O(1)--Na(1)---O(9) 

179.74 (9) O(1)---S(1)--O(2) 
164.92 (9) O(1)--S(1)---O(3) 
158.41 (9) O(l)---S(1)--C(l) 
87.90 (9) O(2)---S(1)----O(3) 
77.14 (9) O(2)---S(1)---C(1) 
95.83 (9) O(3)---S(1)---C(1) 
86.28 (9) O(4)----C(4)----C(3) 
88.04 (9) O(4)---C(4)----C(5) 

Symmetry codes: (i) x, y, z - 1; (ii) 2 - x, - y ,  -z .  

114.6(1) 
112.8 (1) 
106.6(1) 
110.8 (1) 
105.8 (1) 
105.4 (1) 
127.5 (3) 
114.7 (3) 

King, R. (1921). J. Chem. Soc. pp. 2105-2119. 
Molecular Structure Corporation (1988). MSC/AFC Diffractometer 

Control Software. MSC, 3200 Research Forest Drive, The Wood- 
lands, TX 77381, USA. 

Molecular Structure Corporation ( 1991). TEXSAN. TEXRAY Structure 
Analysis Package, revised edition. MSC, 3200 Research Forest 
Drive, The Woodlands, TX 77381, USA. 

ShubneU, A. J., Kosnic, E. J. & Squattrito, P. J. (1994). Inorg. Chim. 
Acta, 216, 101-112. 

Table 3. Hydrogen-bonding geometry (/~, o) 

D--H.  • .A D - - H  H. • .A D--H-- .A 
O(9)--H(10). • .0(2 i) 0.80 (3) 2.15 (3) 163 (3) 
O(7)---H(5). • .0(3 ~) 0.81 (3) 2.04 (3) 162 (3) 
O(9)---H(9). • .O(3 iii) 0.79 (3) 2.09 (3) 166 (3) 
O(4)--H(4). • .0(7 iv) 0.75 (3) 2.18 (3) 134 (3) 
O(8)---H(7). • .0(9 v) 0.79 (3) 2.14 (3) 176 (3) 
O(7)----H(6)- • .0(8 vi) 0.79 (3) 2.09 (3) 165 (3) 
O(4)---H(4). • .0(6) 0.75 (3) 2.07 (3) 138 (3) 

Symmetry codes: (i) 2 - x ,  1 - y ,  1 - z ;  (ii) 1 +x, y, z; (iii) 2 - x ,  1 - y ,  -z ;  
(iv) 2 - x, - y ,  1 - z; (v) 3 - x, 1 - y, - z ;  (vi) x, y, 1 + z. 

All H atoms were  located on difference electron density maps 
and assigned isotropic displacement  parameters  equal to 1.2B 
of  the at tached atom at the t ime o f  their inclusion in the model.  

Data collection and cell refinement:  MSC/AFC Diffractome- 
ter Control Software (Molecular  Structure Corporation,  1988). 
Data reduction: TEXSAN (Molecular  Structure Corporation, 
1991). Structure solution: MITHRIL (Gilmore,  1983), DIRDIF 
(Beurskens et al., 1984). Structure refinement:  TEXSAN. 
Molecular  graphics: ORTEPII (Johnson, 1976). 

The support of the Herbert H. and Grace A. Dow 
Foundation, The Dow Chemical Company Foundation 
and Central Michigan University in the establishment 
of the CMU X-ray facility is gratefully acknowledged. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry, including H-atom geometry, 
intermolecular distances involving H atoms and least-squares-planes 
data have been deposited with the IUCr (Reference: CRl155). Copies 
may be obtained through The Managing Editor, International Union 
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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Abstract  

The title compound consists of well separated molecules 
of [Re(C6H5N)(CH30)(NCS)2(C18H15P)2]. The Re atom 
is six-coordinate in a distorted octahedral environment. 
The two triphenylphosphine ligands are arranged trans 
to each other and there is a methoxy group in the 
position trans to the phenylimido group. The Re- -  
NPh distance is 1.744 (4),~, and the NCS ligands are 
coordinated via the N atom. 

Comment  

The title compound, (1), consists of discrete monomeric 
molecules. An ORTEPII plot (Johnson, 1976) together 
with the atomic numbering scheme is shown in Fig. 1. 

NPh NCS 

II ../" 
Ph3P Re PPh~ 

/ I  
SCN OMe 

(I) 

The Re atom is six-coordinate, the two trans 
triphenylphosphine ligands are bonded to the Re atom 
in an approximately linear fashion with a P - - R e m P  an- 
gle of 178.78 (4) °. The Re--P bond distances, 2.506 (1) 

'f Part IV: see H/ibener, Abram & Striihle (1995). 
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and 2.507 (1)/1~, fall within the normal range of  R e - - P  
distances observed in six-coordinate tertiary phosphine 
complexes [2.45-2.51 A (Drew, Tisley & Walton, 1970; 
Hiibener, Abram & Str/ihle, 1994b)]. The two N C S -  lig- 
ands are nitrogen bonded as has been found for all struc- 
turally characterized rhenium complexes with this lig- 
and (Hahn, Nimry, Robinson, Salmon & Walton, 1978; 
de Carrondo, Shakir  & Skapski,  1978; Conner  & Wal- 
ton, 1987; Hiibener & Abram,  1993; HiJbener, Abram 
& Str/ihle, 1994a,b, 1995). The isothiocyanate ligands 
are almost  linear [N- - -C- -S  angles between 177.8 (6) 
and 178.2 (5) ° ] and do not show any unusual bond dis- 
tances. The short R e - - O  bond distance [1.922 (3)~,] of  
the coordinated methoxy group is a result of  the negli- 
gible trans influence of  the phenylimido ligand. 

C 

P1 

Cl l  N2 
C51 

~0 

$2 ~ ~C3 

Fig. 1. ORTEPII (Johnson, 1976) plot of  (I) with the atomic numbering 
scheme and 50% probability ellipsoids. 

Experimental 

[Re(NPh)(OMe)(NCSh(Ph3P)2] can be prepared by the re- 
action of [Re(NPh)C13(Ph3P)2] (Chatt & Rowe, 1962) with 
KSCN or is formed in low yields by the reaction of the well 
known complex [ReNCI2(Ph3P)2] (Chatt, Garforth, Johnson 
& Rowe, 1964) with phenylhydrazine hydrochloride (PhNH- 
NH2.HC1) and KSCN. The complex was crystallized from 
CH2C12/MeOH. The air-stable compound is only slightly sol- 
uble in organic solvents such as acetone or CHCI3. IR studies 
carried out in KBr show the v(NCS) stretching vibration for 
the isothiocyanate ligands to be at 2087 cm-~; the Re=NPh 
absorption band is centred at 1077 cm -~. 

Crystal data 

[Re(C6H5 N)(CH30)- 
(NCS)2(ClsHI5P)2] 

Mo Ks  radiation 
A = 0.71073 ,~ 

Mr = 949.1 
Triclinic 
PT 
a = 10.216 (6) ~, 
b = 13.236 (6) ,~, 
c = 15.534 (7) A 
a = 93.89 (3) ° 

= 99.92 (3) ° 
3' = 102.28 (3) ° 
V = 2009.7 (17) 13 
z = 2  
Dx = 1.568 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
od scans  

Absorption correction: 
refined from z2tF 
(DIFABS; Walker & 
Stuart, 1983) 
Tmin = 0.64,  Tmax = 0.82 

8863 measured reflections 
8096 independent reflections 
6174 observed reflections 

[I _> 3o'(/)] 

Refinement 
Refinement on F 2 
R(F) = 0.032 
wR(F 2) = 0.036 
S = 1.305 
8096 reflections 
488 parameters 
H-atom parameters not 

refined 
w = 1/o'2(F) 
(A/o')max = 0.003 

Cell parameters from 25 
reflections 

0 = 8-14 ° 
# = 3.2795 mm-  
T = 223 K 
Lozenge 
0.25 x 0.25 x 0.05 mm 
Yellow-green 

Rim = 0.0149 
0,,a~ = 27 ° 
h = - 1 3  ~ 13 
k = - 1 7 - - ~  17 
l =  - 2  ~ 20 
3 standard reflections 

monitored every 200 
reflections 

frequency: 60 min 
intensity decay: 1.6% 

Apmax = 0.778 e/~k -3  

Apmin = -0.331 e ,~,-3 
Extinction correction: 

Zachariasen (1963) 
Extinction coefficient: 

2.1928 x 10 -9 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Veq = ( 1 / 3 ) E i  ~j Vija 7 a; ai.aj. 

x y z U~q 
Re 0.22662 (2) 0.23875 (2) 0.23529 (l) 0.02274 (7) 
SI 0.0380 (2) 0.5292 (1) 0.3104 (1) 0.060 (1) 
$2 0.3183 (3) -0.0745 (l) 0.I l l2 (2) 0.079 (1) 
P1 0.1251 (1) 0.1288 (1) 0.34300 (9) 0.0265 (6) 
P2 0.3325 (1) 0.3504 (1) 0.13010 (8) 0.0271 (6) 
O 0.0689 (4) 0.1860 (3) 0.1441 (2) 0.032 (2) 
N1 0.1336 (5) 0.3565 (3) 0.2636 (3) 0.030 (2) 
N2 0.2888 (5) 0.1104 (3) 0.1900 (3) 0.032 (2) 
N3 0.3767 (4) 0.2834 (3) 0.3132 (3) 0.023 (2) 
CI 0.0932 (6) 0.4295 (4) 0.2820 (4) 0.034 (3) 
C2 0.3006 (6) 0.0325 (4) 0.1587 (4) 0.040 (3) 
C3 0.0261 (8) 0.1153 (5) 0.0674 (4) 0.049 (4) 
Cll -0.0591 (6) 0.0822 (5) 0.3162 (4) 0.036 (3) 
C12 -0.1167 (8) 0.0255 (6) 0.2356 (5) 0.054 (4) 
C13 -0.2600 (9) -0.0082 (6) 0.2123 (5) 0.062 (5) 
C14 -0.3406 (8) 0.0144 (6) 0.2691 (6) 0.070 (6) 
CI5 -0.2835 (7) 0.0692 (6) 0.3488 (6) 0.071 (6) 
CI6 -0.1429 (6) 0.1032 (5) 0.3735 (5) 0.050 (4) 
C21 0.1900 (6) 0.0120 (4) 0.3601 (4) 0.034 (3) 
C22 0.1042 (7) -0.0834 (4) 0.3638 (4) 0.043 (3) 
C23 0.1574 (8) -0.1686 (5) 0.3821 (5) 0.066 (4) 
C24 0.2951 (7) -0.1593 (5) 0.3965 (5) 0.070 (4) 
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C25 0.3825 (6) -0.0651 (5) 0.3934 (5) 0.062 
C26 0.3304 (6) 0.0204 (5) 0.3745 (4) 0.043 
C31 0.1624 (5) 0.1970 (4) 0.4543 (3) 0.029 
C32 0.2179 (6) 0.1543 (5) 0.5274 (4) 0.039 
C33 0.2440 (8) 0.2093 (6) 0.6103 (4) 0.053 
C34 0.2133 (8) 0.3058 (5) 0.6207 (4) 0.054 
C35 0.1578 (7) 0.3467 (5) 0.5495 (4) 0.050 
C36 0.1311 (6) 0.2942 (5) 0.4652 (4) 0.043 
C41 0.3655 (5) 0.4888 (4) 0.1634 (3) 0.027 
C42 0.4055 (6) 0.5276 (4) 0.2516 (4) 0.034 
C43 0.4351 (7) 0.6336 (5) 0.2772 (4) 0.044 
C44 0.4250 (7) 0.7019 (5) 0.2137 (5) 0.049 
C45 0.3879 (8) 0.6654 (5) 0.1275 (4) 0.053 
C46 0.3586 (7) 0.5594 (5) 0.1007 (4) 0.045 
C51 0.2238 (6) 0.3342 (4) 0.0226 (4) 0.036 
C52 0.0982 (7) 0.3592 (5) 0.0187 (4) 0.048 
C53 0.0061 (9) 0.3434 (7) -0.0611 (5) 0.066 
C54 0.039 (1) 0.3014 (7) -0.1350 (5) 0.074 
C55 0.163 (1) 0.2769 (7) -0.1315 (5) 0.075 
C56 0.2578 (8) 0.2943 (6) -0.0529 (4) 0.053 
C61 0.4985 (6) 0.3285 (4) 0.1156 (3) 0.034 
C62 0.5075 (6) 0.2285 (5) 0.0891 (4) 0,049 
C63 0.6359 (7) 0.2077 (5) 0.0882 (4) 0.060 
C64 0.7508 (7) 0.2864 (7) 0.1111 (5) 0.073 
C65 0.7424 (7) 0.3855 (7) 0.1347 (5) 0.060 
C66 0.6150 (6) 0.4078 (5) 0.1367 (4) 0.042 
C71 0.5033 (6) 0.3142 (5) 0.3657 (4) 0.037 
C72 0.6174 (7) 0.2953 (5) 0.3324 (5) 0.050 
C73 0.7459 (7) 0.3322 (6) 0.3821 (6) 0.056 
C74 0.7649 (9) 0.3796 (6) 0.4644 (5) 0.061 
C75 0.6493 (9) 0.4005 (6) 0.4971 (5) 0.053 
C76 0.5254 (7) 0.3683 (6) 0.4515 (4) 0.049 

Table 2. Selected geometric parameters (/k, o) 
Re---P1 2.506 (1) N1----C1 1.166 (8) 
Re--P2 2.507 (1) N2---C2 1.149 (8) 
Re---NI 2.051 (5) O---C3 1.407 (7) 
Re---N2 2.057 (5) N3---C71 1.368 (7) 
Re---N3 1.744 (4) CI---SI 1.606 (6) 
Re---O 1.922 (3) C2---$2 1.612 (6) 

P1--Re---P2 178.78 (4) N2--Re---N3 93.0 (2) 
P1--Re---N1 93.1 (1) NI--Re---~ 86.0 (2) 
P1--Re--N2 86.9 (1) N2--Re---<) 83.7 (2) 
PI--Re--N3 89.9 (1) N3---Re----O 175.9 (2) 
P1--Re---O 92.2 (1) Re--q)--C3 140.2 (4) 
P2--Re---NI 86.9 (1) Re--N1--C1 173.5 (5) 
P2--Re---N2 93.3 (1) Re---N2---C2 168.4 (4) 
P2--Re--N3 88.8 (1) Re---N3---C71 172.2 (4) 
P2--Re---O 89.1 (1) N1---CI---S1 178.2 (5) 
N1--Re---N2 169.8 (2) N2---C2---$2 177.8 (6) 
N I--Re---N3 97.3 (2) 

The  pos i t ions  o f  the H a toms  we re  ca lcu la ted  and inc luded  
in the s t ruc ture - fac tor  ca lcula t ions .  Cel l  ref inement :  SET4 (de 
B o e r  & Du i senbe rg ,  1984).  Da ta  reduct ion:  SDP ( E n r a f -  
Nonius ,  1985).  P r o g r a m  used  to so lve  structure:  SHELXS86 
(Sheldr ick ,  1985).  P r o g r a m s  used  to refine structure:  SDP. 
R e f i n e m e n t  b y  fu l l -mat r ix  leas t - squares  me thods .  M o l e c u l a r  
graphics :  ORTEPII ( Johnson ,  1976).  So f twa re  used  to p repare  
mater ia l  for  publ ica t ion :  SDP; UTABLE (Kre tschmar ,  1989).  
All  c o m p u t a t i o n  was  p e r f o r m e d  on  a D E C  V A X  Stat ion 3100.  

We gratefully acknowledge financial support from the 
Deutsche Forschungsgemeinschaft and the Fonds der 
Chemischen Industrie. 
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Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
JZ1024). Copies may be obtained through The Managing Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 

Abstract 
The structure of the title compound, [Cu(C2H8N2)2]3- 
[Cu6(CN)6(SeCN)6], consists of a three-dimensional 
skeleton formed by the polymeric chains of anions, 
[CuI6(CN)6(SeCN)6] 6-. In the cavities are located 
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