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PREPARATION AND X-RAY STRUCTURE OF CUBANE-TYPE 

M I X E D  METAL AQUA I O N ,  [ M O ~ N ~ S ~ ( H ~ O ) ~  1 4 +  

TAKASHI SHIBAHARA* and HISAO KUROYA 

Department of C h e m i s t r y ,  Okayama U n i v e r s i t y  of 

S c i e n c e ,  Okayama 700 ,  J apan  

(Received April 18. 1988) 

We have r e c e n t l y  r e p o r t e d  t h a t  t h e  i n c o m p l e t e  

cubane - type  aqua i o n ,  [Mo,S,(H,0),14+ ( A ) ,  reac ts  w i t h  

meta ls  ( F e l l  Cu,  2 , and Hg 3 ) t o  g i v e  cubane-type mixed 

metal  aqua  i o n s ,  t h e  c o r e  s t r u c t u r e s  of  which have been 

v e r i f i e d  by t h e  X-ray  s t r u c t u r e  a n a l y s e s  of t h e  com- 
p l e x e s  derived from t h e  aqua  i o n s .  I n  a d d i t i o n ,  i t  w a s  
found t h a t  t h e  r e a c t i o n  o f  A w i t h  meta l l ic  magnesium 

gave  a double cubane - type  aqua ion.4 W e  now p r e s e n t  

t h e  p r e p a r a t i o n ,  p r o p e r t i e s ,  and X-ray s t r u c t u r e  of a 

new cubane - type  molybdenum-n icke l - su l fu r  mixed metal 
c l u s t e r  compound, [Mo3NiS4(H20)., 1 (CH3.C6H4.S03 )4.6H20 

(B), p r e p a r e d  from t h e  aqua i o n  A and m e t a l l i c  n i c k e l .  

M O ~ N ~ ~ C P ~ ( C O ) ~  i s  t h e  o n l y  compound so f a r  r e p o r t e d  t o  
have t h e  cubane - type  Mo-Ni-S c o r e .  5 

A n i c k e l  p l a t e  (0.5 g )  was i n t r o d u c e d  t o  a c o n i c a l  

f l a s k  c o n t a i n i n g  t h e  aqua i o n  A (0.2 M i n  20 mL of 6 M 

H C l ) ,  w h i c h  was a l l o w e d  t o  s t a n d  f o r t w o w e e k s u n d e r a  

d i n i t r o g e n  a tmosphe re .  A g r e e n  s o l u t i o n ,  t h e  s p e c t r u m  

of w h i c h h a s a b s o r p t i o n p e a k s  a t 5 0 0  a n d  6 9 0  nm, w a s  
o b t a i n e d  by t h e  s u c c e s s i v e  a p p l i c a t i o n  of Sephadex G - 1 5  

(1 M H C 1 )  and Dowex 50W-X2 c a t i o n  exchange r  (0.5 M H C 1 )  

column chromatography.  The s o l u t i o n  w a s  a b s o r b e d  on 

t h e  c a t i o n e x c h a n g e r  a g a i n a n d e l u t e d  w i t h  4 M H p t s  

( p - t o l u e n e s u l f o n i c  a c i d ) .  Green c r y s t a l s  of B were 
o b t a i n e d  from t h e  e l u a t e  i n  a few days.  Anal .  Found 
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(calcd): C ,  2 3 . 1 3  ( 2 3 . 2 2 ) ;  H ,  4.21 ( 4 . 1 7 ) % .  
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F I G U R E  1 .  P e r s p e c t i v e  view of M O ~ N ~ S ~ ( H ~ O ) ~  3 '+. 
S e l e c t e d  bond d i s t a n c e s / ; :  Mol -Mo2, 2.761 ( 2 ) ;  Mol -Mo3, 

2.761 ( 2 ) ;  Mo2-Mo3, 2 . 7 4 4 ( 2 ) ;  Mol - N i ,  2 . 6 3 0 ( 2 ) ;  Mo2-Ni, 

2 . 6 4 6 ( 2 ) ;  Mo3-Ni, 2 . 6 4 6 ( 2 ) ;  Mol -S1, 2 . 3 3 4 ( 4 ) ;  Mol -S3 ,  

2 . 3 2 3 ( 4 ) ;  M o I - S ~ ,  2 . 3 5 2 ( 4 ) ;  MO2-SIr 2.331 ( 4 ) ;  Mo2-S2, 

2 . 3 4 0 ( 4 ) ;  MO2-S4, 2 . 3 5 3 ( 4 ) ;  MO3-S2, 2 . 3 3 6 ( 4 ) ;  MO3-S3, 

2 . 3 2 9 ( 4 ) ;  Mo3-S4 ,  2 . 3 4 9 ( 4 ) ;  N i - S 1 ,  2 . 2 0 3 ( 4 ) ;  N i - S 2 ,  

2 . 2 0 0 ( 4 ) ;  N i - S 3 ,  2 . 2 1 0 ( 4 ) ;  M o - O H 2 ,  2 .21 [ I  I ;  N i - O H 2 ,  

1 . 9 7 ( 1 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



CUBANE-TYPE MIXED METAL AQUA ION 235 

The compound B crystallizes in triclinic system, 
space group P i  with cell dimensions a = 17.889(6) 1, b 
= 19.601 (8) X I  c = 8.969(4) i, 
103.78(3)', y = 63.45(3)', V = 2707.9(19) i3, 2 = 2, Dc 
= 1.775 g Intensity data (26 L 50') were col- 
lected on a RIGAKU AFC-6A four-circle diffractometer by 
use of graphite-monochromated Mo Ka radiation. The 
structure was solved by the direct method (MULTAN) and 
refined by least squares to a current R value of 0.0556 
for 5233 reflections (Fo 8a(F0)). The presence of a 
cubane-type Mo3NiS4 core is verified (Figure 1). The 
bond distances are similar to the corresponding ones 

~1 = 102.83(4)' , B = 

observed for the Mo3FeS4 core. 1 

Wavelength/nm 

FIGURE 2. Electronic spectra in 1 M HPTS: 
[ M O ~ N ~ S ~ ( H ~ O ) ~ ~ I ~ +  

---I- [MO~S~(HZO) 9 14+ 
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236 T. SHIBAHARA AND H. KUROYA 

The electronic spectrum of the aqua ion B, which 
is shown in Figure 2 together with that of A, has peaks 
at 678 ( E  = 601 M-’ cm-’) and 500 nm ( &  195), having no 
peaks in the near-infra-red region in contrast to the 
case of [ M O ~ F ~ S ~ ( H ~ O ) ~ ~ I ~ + .  
resistant toward air oxidation. The absorbance of 
solution of B changes only a few percent in a day. 

Compound B is fairly 
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Supplementary Material. A list of atomic coordi- 
nates, thermal parameters, bond distances, and bond 
angles can be obtained from the author (T. S.) on 
request. 

References 
1) T. Shibahara, H. Akashi, and H. Kuroya, J. Am. Chem. 
SOC., 108, 1342 (1986). 
2) T. Shibahara, H. Akashi, and H. Kuroya, Abstracts of 
papers, 36th National Research Conference on Coordina- 
tion Chemistry, Nagoya, Japan; October 1986, p. 237. 
3) T. Shibahara, H. Akashi, and H. Kuroya, Abstracts of 
papers, 52nd National Meeting of the Chemical Society 
of Japan, Kyoto, Japan; April 1986, p. 569. 
4) T. Shibahara, T. Yamamoto, H. Kanadani, and H. 
Kuroya, J .  Am. Chem. SOC., 1 2 ,  3495 (1987). 
5) M. D. Curtis and P. D. Williams, Inorg. Chem., 22, 
2661 (1983). 

- -  

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


