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Tableau 1. Parambtres 
Cu 1--O2 1,930 (3) 
Cu 1---O 1 1,937 (3) 
Cu I - -N2  2,027 (3) 
Cu I - -N  1 2,028 (4) 
Cu I ---03 2,279 (4) 
O1-~8  1,271 (7) 
O 2 ~ C  12 1,275 (5) 
O 3 ~ C  l0 1,220 (6) 
O4----C 10 1,294 (7) 
O5---C8 1,235 (7) 
O6---C 12 1,229 (5) 
O7---C 14 1.318 (7) 
O 8 ~ C  14 1,209 (6) 
N 1 ~ C 9  1,462 (7) 
N I - -C7 1,481 (7) 

O 2 ~ C u  I - - O  1 93,0 ( 1 ) 
O2---Cu I - -N2 87,7 ( I ) 
O l - - C u  I - -N2 160.0 (2) 
O2---Cu I - - N  I 161,3 (2) 
O I ~ C u I - - N I  84,3 (2) 
N2---Cu 1 - - N  1 88,6 ( 1 ) 
O2--Cu I - -O3 119,0 (2) 
O l - -Cu I - -O3 97,5 (2) 
N2---Cu I - - 0 3  99,6 ( I ) 
N 1 ---Cu 1 - - 0 3  79.7 ( I ) 
C 8 - - O I ~ C u  I 112,0 (3) 
C 12--O2--Cu I 113,3 (3) 
C 1 0 ~ O 3 ~ C u  I 107,3 (3) 
C9--N 1---C7 110,7 (4) 
C9--N I---C I 111,6 (4) 
C7--N I - - C  I 115,2 (4) 
C9--N 1--Cu I 112,0 (3) 
C7--N l---Cu I 99,9 (3) 
C I - - N I ~ C u l  106,7 (3) 
C 13--N2----C I 1 I I 1.3 (4) 
C 13 - -N2~C6  I I 1,9 (3) 
C 11 --N2---C6 111.4 (4) 
CI 3--N2---Cu 1 117,2 (3) 
C11--N2---Cu I 104.1 (3) 
C 6 - - N 2 ~ C u  I 100,3 (3) 
N I - -CI- - -C2 114,4 (4) 

gdomdtriques (A, °) 
N I - -C  1 1,496 (6) 
N2--C 13 1,479 (6) 
N2--CI  1 1,491 (6) 
N2--C6 1.513 (6) 
C I----C2 1.527 (7) 
C I ~ 6  1,542 (7) 
C2---C3 1,514 (8) 
C3---C4 1,513 (9) 
C4---C5 1,539 (9) 
C5---C6 1,516 (7) 
C7---C8 1,543 (7) 
C 9 ~ 1 0  1,511 (9) 
CI I---C12 1,531 (6) 
CI 3---C 14 1,498 (7) 

N I ---C I---C6 I10,0 (4) 
C2---C1--C6 I 11,5 (4) 
C3---C2--C I I11.7 (5) 
C4---C3--C2 110,6 (5) 
C3---C4--C5 109,8 (5) 
C~-C5- - -C4  110,8 (5) 
N2---C6---C5 114,6 (4) 
N 2 - - C f ~ C  I 108,9 (4) 
C 5 - - - C ~  I 111,4 (4) 
N I ~ 7 - - C 8  109,7 (4) 
O5---C8--O 1 124,7 (5) 
O5--C8---C7 119,4 (5) 
O 1 ---C8---C7 115,8 (5) 
N 1---C9---C I 0 112,9 (4) 
O3----4210---O4 125,1 (5) 
O3- -C 10--429 123,2 (5) 
O4---C 1 ~ 9  111,7 (4) 
N 2 ~ l  1---CI2 112.1 (4) 
O6---C 12--02 122,8 (4) 
O 6 ~ C I  2 - -C l  1 119.0 (4) 
O 2 ~ 1 2 ~ 1 1  117,9 (4) 
N 2 ~  13---C14 113,6 (4) 
O 8 ~  14----07 123,8 (5) 
O 8 ~  14---C13 124,8 (5) 
O 7 ~ 1 4 - ~ C I  3 II  1,4 (4) 

La collecte a 6t6 effectu6e avec la largeur de balayage 
(0,87 + 1,5tg0) °. Les intensit6s ont 6t6 corrig6es des facteurs 
de Lorentz-polarisation. La structure a 6t6 r6solue par les 
m6thodes directes (SHELXS86; Sheldrick, 1990) puis affin6e 
par la m6thode des moindres carr6s (SHELXL93; Sheldrick, 
1993). Un atome d'oxyg~ne de l'eau OW2 a 6t6 affin6 en 
isotrope. 

Collection des donn6es: CAD-4 EXPRESS (Duisenberg, 
1992; Macicek & Yordanov, 1992; Enraf-Nonius, 1994). 
Affinement des param~tres de la maille: CAD-4 EXPRESS. 
R6duction des donn6es: MoIEN (Fair, 1990). Graphisme 
mol6culaire: ZORTEP (Zsolnai, 1994). Logiciel utilis6 pour 
pr6parer le mat6riel pour publication: SHELXL93. 

Les auteurs remercient Dr A. Driss pour la collecte 
des donn6es. 

Des documents compl6mentaires concernant cette structure peuvent 
~tre obtenus h partir des archives 61ectroniques de I'UICr (Rff6rence: 
GS1006) .  Les processus d'acc~s h ces archives sont donn6 au dos de 
la couverture.  
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Abstract  

The reaction of  (NH4)2[MoS4], NiBr2 and sulfur in 
1,2-ethanediamine (en, C2H8N2) under hydrothermal 
conditions yields red crystals of  [Ni(en)3][MoS4]. The 
structure contains tetrahedral [MoS4] 2- anions and 
octahedral [Ni(en)3] 2+ cations. 

Comment  
The structure determination of  the title compound, (I), 
was undertaken as part of  a project on the synthesis 
of  new thiomolybdates under mild solvothermal condi- 
tions. 

\I N/ N.....-~Ni~. / 

(I) 
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502 [Ni(C2 H8 N2)3 ] [SOS4] 

Due to the structural variety of  thiomolybdate  anions, 
ranging from the tetrahedral [MoS4] 2- anion to the more 
complex [Mo3Si3] 2- anion, synthetic investigations of  
the Mo-S  system have been intensified in recent years. 
The chemical  flexibility of the [MoS4] 2- anion is 
also demonstrated by the formation of  complexes with 
elements of  the Ni, Cu and Zn subgroups (MUller et al., 
1971; Callahan & Piliero, 1980). 

The title compound was mentioned in an earlier com- 
munication,  but no structural data were given (Spacu 
& Pop, 1938/39). The structure consists of  isolated 
[Ni(en)3] 2÷ cations and [MoS4] 2- anions (Fig. 1). Each 
Ni 2÷ cation is sixfold coordinated by the six N atoms 
of  the chelating en ligands within a distorted octa- 

C2 

Ts N4 I /Ni N6 

$ 3 ~ ~ ~  $4 C 4 ~  ('6C5 

Fig. 1. The crystal structure of the title anion and cation, with dis- 
placement ellipsoids drawn at the 50% probability level (disordered 
C and H atoms have been omitted for clarity). 

hedron. The N i - - N  distances are between 2.099(3)  
and 2.135 (2),4,, and the t r a n s - N - - N i - - N  angles range 
from 170.0(2) to 173.2(2) ° . There are short inter- 
molecular  contacts between the amino H atoms of  
the en ligand and the S atoms of  the [MoS4] 2- 
anion of  2 .653(3)  (H4N. . .S1) ,  2.655 (3) ( H 1 N . . . $ 2 )  
and 2.680 (3),~, (H6N- . .$3) .  The N - - H . . . S  angles of  
144.94 (8), 171.03 (7) and 146.02 (7) ° indicate weak 
hydrogen bonding. In the [MoS4] 2- anion, the M o - -  
S distances are between 2.1766(9)  and 2.187 (2)~,. 
The MoS4 tetrahedron is only slightly distorted; the 
S - - M o - - S  angles vary from 107.25 (4) to 110.52 (4) °. 
All structural parameters are in good agreement with 
those found in other compounds containing [MoS4] 2- 
anions, such as Cs2[MoS4] (Raymond et al., 1995) and 
(NH4)2[MoS4] (Schaefer et al., 1964). Recently, we 
demonstrated that under solvothermal condit ions the re- 
action of  (NH4)2[MoS4] with different amines in aque- 
ous ammonia  solution can lead to the [Mo3Si3] 2- anion 
(Bensch & Schur, 1997). Further studies are in progress 
in order to obtain more information about the processes 
involved in the formation of  thiomolybdates under mild 
solvothermal condit ions and their consequences on prod- 
uct formation. 

Experimental 

(NI-I4)2[MoS4], NiBr2 and sulfur (0.50mmol, molar ratio 
1:2:3) were reacted in 1,2-ethanediamine (3 ml) in a Teflon- 
lined steel autoclave at 403 K for 7 d. The product was filtered 
off and washed with water. The yield of phase-pure product 
is about 70%. 

1 

4+, 
• , ~  

Fig. 2. A packing diagram, viewed along the v axis, with short 
intermolecular S...H distances indicated by dotted lines. 

Crystal data 

[Ni(C2HsN2)s][MoS4] Mo Kc~ radiation 
M, = 463.20 A = 0.71073 ~, 
Orthorhombic Cell parameters from 114 
Pna2 t reflections 
a = 16.169(2)~, 0 = 15-21 ° 
b = 7.6796 (9) ,& ~ = 2.253 mm-t  
c = 14.153 (2) ]~ T = 293 (2) K 
V = 1757.4 (4) ~3 Plate 
Z = 4 0.20 x 0.05 x 0.05 mm 
D~ = 1.751 Mg m -3 Red 
O,,, not measured 

Data collection 

Stoe AEDII four-circle 
diffractometer 

w/O scans 
Absorption correction: 

empirical via ~ scans 
(Siemens, 1990) 
Train = 0.793, Tmax = 0.893 

5093 measured reflections 
2854 independent reflections 
2301 reflections with 

I > 2o-(/) 

R,,t = 0.024 
0max = 30.01 o 
h = - 2 2  ~ 17 
k =  - 1 0  ---~ 0 
1=-194--* 1 
4 standard reflections 

frequency: 120 min 
intensity decay: 

negligible 
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Refinement 

Refinement on F 2 
R[F 2 > 2cr(Fe)] = 0.021 
wR(F 2) = 0 . 0 5 0  

S = 1.010 
2854 reflections 
172 parameters 
H-atom parameters 

constrained 
w = l/[cr2(F,~) + (0.0260P) 2] 

where P = (Fo 2 + 2F,?)/3 
(A/©')max < 0.001 
Apmax = 0.371 e ]k -3 
Aprnin = -0 .328  e A, -3 

Extinction correction: 
SHELXL93 

Extinction coefficient: 
0.00054 (15) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 
-0 .003  (13) 

Table  1. Selected geometric parameters  (.4, o) 

Mo--S 1 
M©---S2 
M©---S3 
M©---S4 
Ni--N2 

S I --M~---S2 
S 1 --M©---S3 
$2--Mo--$3 
S 1 --M©--S4 
$2--Mo---$4 
$3--Mo---$4 
N2--Ni--N I 
N2--Ni--N5 
NI--Ni--N5 
N2--Ni--N3 
N I--Ni--N3 

2.1766 (9) 
2.1791 (10) 
2.1849 (9) 
2.1865(11) 
2.099 (3) 
109.67 (5 
110.29 (4 
109.09 (4 
109.96 (6 
107.25 (4 
110.52 (4 
81.71 (3) 

173.21 (3) 
92.77 (3) 
91.04 (3) 

172.28 (3) 

Ni--NI 2.122 (3) 
Ni--N5 2.123 (3) 
Ni--N3 2.133 (3) 
Ni--N6 2.133 (3) 
Ni--N4 2.135 (2) 

N5--Ni--N3 94.64 (12 
N2--Ni--N6 93.57 (I 1 
N 1 --Ni--N6 91.89 ( 12 
N5--Ni--N6 82.61 (12 
N3--Ni--N6 91.21 (12 
N2--Ni--N4 93.43 ( I I 
N 1--Ni--N4 96.24 ( I )  
N5--Ni--N4 91.09 ( 12 
N3--Ni--N4 81.47 (1 ) 
N6---Ni--N4 169.96 ( 13 

All N, S, C, M© and Ni atoms were refined with anisotropic 
displacement parameters, except for C I' and C2', which are 
split positions of C 1 and C2 and were therefore refined is©trop- 
ically. The H atoms were positioned with idealized geom- 
etry and refined with fixed is©tropic displacement parameters 
[Uiso(N--H]C--H) = 1.2Ueq(Cmethylene/Camine)] using a riding 
model with the parameters C - - H  = 0.97 and N - - H  = 0.90 A. 
The absolute structure was determined and is in accordance 
with the selected setting [Hack x parameter = -0 .003  (13)]. 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: XP in SHELXTL/PC (Siemens, 
1990). Software used to prepare material for publication: 
CIFTAB in SHELXL93. 

This  w o r k  is suppor ted  by the state o f  S c h l e s w i g -  

Hols te in .  

Supplementary data for this paper arc available from the IUCr 
electronic archives (Reference: SK1258). Services for accessing these 
data are described at the back of the journal. 
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Abstract  

In 1 , 1 ' - b i s ( 3 - p h e n y l q u i n o x a l i n - 2 - y l ) f e r r o c e n e  d ich lo ro-  

m e t h a n e  solvate ,  [Fe(C19H13N2)2]-0.9CH2C12, the two  
c y c l o p e n t a d i e n y l  r ings  are offset  by on ly  21 ° f rom 
be ing  c o m p l e t e l y  ec l ipsed ,  so that the  near  paral le l  
qu inoxa l iny l  g roups  exhib i t  cons ide rab l e  over lap ,  wi th  
an in te rp lanar  spac ing  a lmos t  ideal  for  i n t r a m o l e c u l a r  
7r-Tr s tack ing  in terac t ions .  The  m o l e c u l e s  fo rm c o l u m n s  
by m e a n s  o f  i n t e r m o l e c u l a r  7r-Tr s tack ing  in terac t ions .  

Comment  
T h e  reac t ion  o f  1 - f e r r o c e n y l -  2 -  p h e n y l e t h a n e d i o n e ,  
F c C O C O P h  [Fc is (C5H5)Fe(C5H4)]  wi th  1 ,2-d iamino-  
b e n z e n e  y ie lds  f e r r o c e n y l ( p h e n y l ) q u i n o x a l i n e  (Zane l lo  
et al., 1998). In a s imi la r  way,  f e r r o c e n e - l , l ' - d i y l b i s -  
( 2 - p h e n y l e t h a n e d i o n e ) ,  F e ( C 5 H a C O C O P h ) 2 ,  reacts  wi th  
1 , 2 - d i a m i n o b e n z e n e  to y ie ld  1 , 1 ' - b i s ( 3 - p h e n y l q u i n -  

oxa l in -2 -y l ) f e r rocene ,  Fe[C5H4(CsHnN2)C6H5]2 .  This  
c o m p o u n d  c rys ta l l i zed  f rom d ie thy l  e the r /d ich lo ro-  
m e t h a n e  as a part ial  0 . 9 - d i c h l o r o m e t h a n e  solvate ,  (I), in 
w h i c h  the so lvent  m o l e c u l e  is h y d r o g e n  b o n d e d  to one  
o f  the qu inoxa l ine  f r agmen t s  by m e a n s  o f  a C - - H . - - N  
h y d r o g e n  bond  (Fig.  1 and Table  2). 
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