
298 (C 16H36N) [Mo2 I(C6 H5 S)2 (CO)6 ] 

433.4, 422.2, 358.7, 337.5, 283.5, 239.1, 223.7, 198.3, 
177.4, 150.4; UV-vis [CH3COCH3, A (nm)]: 444, 402, 340, 
315; IH NMR [CD3COCD3, 6 (p.p.m.)]: 7.20-7.60 (m, 
10H, SPh), 3.46 (t, 8all, CaH2CH2CH2CH3), 1.83 (m, 8~'H, 
CHzCbH2CH2CH3), 1.47 (m, 8"H, CH2CH2CCH2CH3), 1.01 
(t, 12all, CH2CH2CH2CdH3). 

Crystal data 

(CIhH36N)[Mo2I- Mo Ka  radiation 
(C6H5S)2(CO)6] A = 0.71073 ,~, 

Mr = 947.62 Cell parameters from 6187 
Monoclinic reflections 
P21/n 0 = 1.49-25.02 ° 
a = 9.8951 (4) ,~ /~ = 1.531 m m -  
b = 16.2430 (7) ~, T = 293 (2) K 
c = 25.0787 (10) ,~ Needle 
/3 = 90.444 (1) ° 0.40 x 0.15 x 0.10 mm 
V = 4030.7 (3) ,~3 Black 
Z = 4  
D, = 1.562 Mg m -3 
Om not measured 

Data collection 

Siemens SMART CCD 
diffractometer 

~o scans 
Absorption correction: 

empirical (SADABS; 
Sheldrick, 1996) 
Tmi, = 0.698, Tm~ = 0.894 

13 287 measured reflections 
6816 independent reflections 

4719 reflections with 
I > 20-(/) 

Ri,t = 0.038 
0m~ = 25.02 ° 
h = - 1 1  ---, 11 
k = 0 ---~ 19 
l =  0--* 29 
Intensiiy decay: none 

reflections. H atoms were all located theoretically and not 
refined. 

Data collection: SMART (Siemens, 1996). Cell refinement: 
SMART and SAINT (Siemens, 1994b). Data reduction: XPREP 
in SHELXTL (Siemens, 1994a). Program(s) used to solve 
structure: SHELXTL. Program(s) used to refine structure: 
SHELXTL. Molecular graphics: SHELXTL. Software used to 
prepare material for publication: SHELXTL. 

We are g ra te fu l  to N N S F  and  S K L S C  for  f inancia l  
s u p p o r t  o f  this  work .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TAI215). Services for accessing these 
data are described at the back of the journal. 
. . . .  
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Refinement 

Refinement on F 2 (A/cr)m~,x = 0.001 
R[F 2 > 2a(FZ)] = 0.051 Apmax = 0.384 e ,~-3 
wR(F z) = 0.089 Apmin = - 0 . 4 2 8  e ,~-3 
S = 1.054 Extinction correction: none 
6816 reflections Scattering factors from 
415 parameters International Tables for 
H atoms not refined Crystallography (Voi. C) 
w = l/[cr2(F,2,) + (0.0168P) 2 

+ 2.8450P] 
where P = (F,~ + 2F,?)/3 

Table  I. Selected geometric parameters (A, o) 

l--Mol 2.9460 (6) MoI--Mo2 2.8824 (7) 
l--Mo2 2.9599 (6) Mo2~C6 1.947 (7) 
Mol---C3 1.919 (7) Mo2---C5 1.992 (6) 
Mol---CI 2.004 (7) Mo2--C4 2.000 (7) 
Mol---C2 2.017 (7) Mo2--SI 2.4783 (15) 
MoI--SI 2.4675 (15) Mo2--$2 2.4836 (15) 
Mo I --$2 2.4714 (15) 

Mol--l--Mo2 58.43 (2) MoI--SI--Mo2 71.29 (4) 
SI--MoI--S2 108.84(5) MoI--S2--Mo2 71.14(4) 
S 1 --Mo2--$2 108. I 0 (5) 

Data were collected over a hemisphere of  reciprocal space by a 
combination of  three sets of  exposures. Each set had a different 

angle for the crystal and each exposure of  10 s covered 0.3 ° 
in w. The crystal-to-detector distance was 4.95 cm. Coverage 
of  the unique set was over 99% complete to at least 25 ° in 0. 
Crystal decay was monitored by measurement  of  duplicate 
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A b s t r a c t  

In the  a n i o n  o f  the  t i t le c o m p o u n d ,  (C16H36N)[Mo2-  

( C 5 H 9 0 2 ) ( C 6 H s S ) 2 ( C O ) 6 ] ,  e a c h  M o  a t o m  and  th ree  
t e rmina l  c a r b o n y l  g r o u p s  f o r m  afac-Mo(CO)3 f r a g m e n t ,  

and  t w o  M o  a t o m s  and  two  b e n z e n e t h i o l a t e  b r i d g i n g  
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ligands form a planar M0252 unit, with the two phenyl 
rings in an anti configuration. The pivalate acts as a 
conventional #,r/2-1igand bridge to two Mo atoms, to 
form an approximately planar five-membered ring. The 
two [MoOS2(CO)3] octahedra share a common S-S 
edge. 

Comment 
We have been investigating the syntheses and struc- 
tures of dimolybdenum(I) compounds containing bridg- 
ing thiolate, as well as other inorganic and organic 
ligands. It has been found that the phenyl rings of two 
benzenethiolate ligands adopt either syn or anti config- 
urations when various bridging ligands are introduced 
to substitute the axial CO in the parent compound, 
[Mo2(C6HsS)2(CO)6], (I) (Pan et al., 1998). The intro- 
duction of a halogen-ion bridging ligand leads to a syn 
configuration, while a carboxylate ligand leads to an anti 
configuration. Despite the greater steric hindrance of the 
pivalate in the title compound, (II), the two phenyl rings 
are in an anti configuration. Fig. 1. View of  the anion of  (II), with displacement ellipsoids shown 

at the 30% probability level and H atoms omitted for clarity. 

Bu4N -. 

0 Ph 0 
c \ c 

()(./o..--s>.~, ~co 
O (  "~ \ ~ S / /  "~CO ox~.o 

d; I'h 
. Mc,--t \~Mc 

Mc 

(If) 

The structure of the anion of (II) is shown in 
Fig. 1. Each Mo atom has a distorted octahedral 
geometry, involving three C atoms from carbonyls, two 
S atoms from benzenethiolate bridging groups and one 
O atom from the pivalate ligand. Two fac-Mo(CO)3 
fragments are linked together by two benzenethiolate 
and one pivalate, forming an edge-sharing bi-octahedral 
structure. 

The structure of the Mo2S2 unit in (II) is similar 
to that in compound (I) (Zhuang et al., 1995). The 
introduction of a pivalate ligand causes the Mo2S2 unit 
to contract slightly, resulting in smaller Mo---S--Mo 
angles and a shorter Mo---Mo distance, but the Mo- -S  
distances are essentially equal to those of (I). The trans- 
Mo---C distances are considerably shorter than those cis 
to the pivalate ligand. This indicates that a tetrabridged 
compound substituting the axial CO in compound (II) 
further, with a pivalate, would be difficult to prepare. 

The pivalate ligand substitutes two axial carbonyls 
of (I), forming an approximately planar five-membered 
Mo-O--C-O-Mo ring. The M o - - M o  distance is long at 
2.9071 (8) ~,, leading to a slightly larger O---C--O angle 
[125.1 (6)°], and slightly more acute O 8 - - M o l - - M o 2  
[81. 13 (11) °] and O 7 - - M o 2 - - M o l  [81.45 (11) °] angles 
in the five-membered ring. It is worth noting that the 
M o l - - O 8  distance [2.215 (4),4,] is slightly shorter than 

the Mo2--O7 distance [2.234 (4),~], but the O7--C31 
distance [1;257 (7),4,] is equal to the O8---C31 distance 
[1.260 (7) A]. 

Experimental 

The title compound was synthesized by the reaction of 
Mo2(CO)g(CoHsS)2 (Zhuang et al., 1984; Smith et al., 1987) 
with Bu4NBr and (CH3)3CCOONa (1:1:1) in acetone, and 
crystallized by adding iprOH to the filtrate and allowing 
it to stand at a temperature below 273 K for several days. 
Analysis calculated for C39H55Mo2NOsS2: C 50.75, H 5.97, 
N 1.52%; found: C 50.76, H 6.01, N 1.54%; IR (KBr, cm -~, 
uco): 1997.9 (s), 1949.6 (s), 1930.4 (s), 1905.3 (s), 1889.9 (s), 
1847.5 (s), 1820.5 (s); ucoo: 1540.9 (s), 1417.4(s). 

Crystal data 

(CI6H36N)[Mo2(CsH~O2)- 
(C6H5S)2(CO)~] 

Mr = 921.84 
Monoclinic 
P21/c 
a = 14.4791 (2) ,~, 
b = 12.9825 (2) ~, 
c = 24.4658 (3) ~, 
/3 = 104.790 ( 1 )° 
V = 4446.58 (11) ~3 
Z = 4  
D, = 1.377 Mg m -3 
Om not measured 

Mo Ko~ radiation 
A = 0.71073 ,~ 
Cell parameters from 8192 

reflections 
0 = 1.45-23.26 ° 
# = 0.704 mm- 
T = 293 (2) K 
Block 
0.36 x 0.32 x 0.28 mm 
Green 

Data collection 
Siemens SMART CCD 

diffractometer 
4577 reflections with 

I > 20(/) 



300 (C 16 H36 N) [ M02 (C5 H9 02  ) (C6 H5 S )2 (CO)6 ] 

w scans 
Absorption correction: 

empirical (SADABS; 
Sheldrick, 1996) 
Tmi, = 0.562, Tm~ = 0.862 

16 882 measured reflections 
6373 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.052 
wR(F 2) = 0.135 
S =  1.011 
6373 reflections 
384 parameters 
H atoms not refined 
w= 1/[a2(F,~) + (0.0512P) 2 

+ 11.5194P] 
where e = (F,~ + 2F,?)13 

Rint = 0.038 
0max = 23.26 ° 
h = - 1 6  ~ 15 
k = 0 ---~ 14 
1 = 0 ---* 27 
Intensity variation: none 

(A/~r)m.~ = 0.001 
Apm,~ = 0.817 e ,~-3 
Apmi, = -0 .622  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

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

Mol~)6 1.932 (7) Mo2~2  2.(XD (8) 
MoI~C4 1.995 (8) Mo2~73 2.013 (8) 
M o I ~ 5  1.998 (7) Mo2--O7 2.234 (4) 
MoI--Og 2.215 (4) Mo2--$2 2.400 (2) 
MoI--SI 2.477 (2) Mo2--SI 2.464 (2) 
Mol--S2 2.482 (2) ()7~731 1.257 (7) 
Mol--Mo2 2.91")71 1"8) O8~31 1.260(7) 
Mo2---C I 1.9361"8) 
SI--MoI--S2 107.36 (6) Mo2--SI--Mol 72.08 (5) 
08--MoI--Mo2 81.13 (I I) Mo2--S2--Mol 72.06 (5) 
$2--Mo2--SI 108.45 (6) ()7~C31--08 125.1 (6) 
OT--Mo2--Mo I 81.45 ( I I ) 

Data were collected over a hemisphere of reciprocal space by a 
combination of three sets of exposures. Each set had a different 

angle for the crystal and each exposure of 10 s covered 0.3 ° 
in w. The crystal-to-detector distance was 4.95 cm. Coverage 
of the unique set was over 99% complete to at least 23 ° in 
0. Crystal decay was monitored by measurement of duplicate 
reflections. H atoms were all located theoretically and were 
not refined. The lengths of some C----C bonds in the cation are 
shorter than is reasonable; this is due to high thermal motion 
and disorder. 

Data collection: SMART (Siemens, 1996). Cell refinement: 
SMART and SAINT (Siemens, 1994a). Data reduction: XPREP 
in SHELXTL (Siemens, 1994b). Program(s) used to solve 
structure: SHELXTL. Program(s) used to refine structure: 
SHELXTL. Molecular graphics: SHELXTL. Software used to 
prepare material for publication: Siemens SHELXTL. 

W e  are gra te fu l  to N N S F  and  S K L S C  for  f inancia l  
suppor t  o f  this w o r k .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TA1216). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The  title c o m p o u n d ,  [ C o ( C I o H 6 N O 2 ) 2 ( H 2 0 ) 2 ] . 2 H 2 0 . -  
2C2H5OH,  conta ins  a s ix -coord ina te  Co  11 ion at a 
cen te r  o f  symmet ry .  The  Co  H ion d isp lays  d is tor ted  
oc tahedra l  coo rd ina t i on  g e o m e t r y  def ined  by the two  
qu ino l ine  N a toms,  two  O a toms  o f  the  ca rboxy la t e  
groups  and two  O a toms  o f  the wa te r  mo lecu le s .  All  
o f  the c o r r e s p o n d i n g  pairs  o f  l igand a toms  lie in trans 
pos i t ions  wi th  respec t  to each  other.  M o l e c u l e s  are 
l inked  toge the r  by an i n t e r m o l e c u l a r  h y d r o g e n - b o n d i n g  
n e t w o r k  invo lv ing  the u n c o o r d i n a t e d  wa te r  and e thanol  
mo lecu le s .  

Comment 
2 - Q u i n o l i n e c a r b o x y l i c  acid,  (I), is an in t e rmed ia t e  
t ryp tophan  metabo l i t e  and is k n o w n  to che la te  tran- 
si t ion meta l  ions (Marte l l  & Smi th ,  1974). Crys ta l  
s t ructures  of  c o m p l e x e s  of  2 -qu ino l i neca rboxy l i c  acid  
have  been  d e t e r m i n e d  for  severa l  meta l  ions,  inc lud-  
ing Cu  u (Haendle r ,  1986), M n  u (Haendle r ,  1996; O k a b e  
& K o i z u m i ,  1997) and Fe II (Okabe  & Mak ino ,  1998). 
We have  car r ied  out  the s t ructural  ana lys is  o f  the C o  II 
complex ,  (II), and repor t  the resul ts  here.  
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