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Summary 

Substitution of 2,2’-bipyridine (bipy) in the seven-coordinate molybdenum(I1) 
salt cis-[Mo(CO),(~~~~)~(NCM~)][BF,I, by sodium l.l-dimethylethanethiolate gives 

six-coordinate red lruns,cis-[Mo(SCMe,),(CO),(bipy)] and by sodium N, N-dieth- 
yldithiocarbamate gives purple cis-[Mo(CO),(S,CNEt ,)(bipy)][BF,]. Tetrabutylam- 
monium nitrate also displaces bipy to form green cis-[Mo($-NO,)(CO),(bipy)][BF,]. 
Substitution of CO in the same seven-coordinate molybdenum(I1) salt by nitrite 
produces green [Mo(ONO)(CO)(bipy),][BF,], and by pentane-2,4-dione (acacH) 
gives purple [Mo(acac)(bipy),][BF,]. The products of the reactions have been 
characterised by microanalysis and IR, ‘H NMR, and electronic absorption spec- 

troscopy. 

Introduction 

The seven-coordinate molybdenum(I1) cation, [Mo(CO),(bipy)2(NCMe)]z+ re- 
acts with various neutral nucleophiles such as isocyanides and tertiary phosphines so 
that displacement of coordinated acetonitrile and of CO occurs rather than that of 
2,2’-bipyridine. Seven-coordination of the metal atom is maintained in the products 
of these reactions [l]. We report the reactions of the same molybdenum(I1) cation 
with anionic nucleophiles containing harder donor atoms (S, 0), which produce 

six-coordinate products. 

Results and discussion 

The molybdenum(I1) salt cis-[Mo(CO),(bipy)2(NCMe)][BF,I, (1 mol) in 
acetonitrile solution reacts rapidly with solid NaSCMe, (2 mol) at room tempera- 
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[Mo(CO),(S,CNEt,),] [7] and the fact that [Mo(CO)(S,CNEt,),(bipy)] is not 
formed in preference to cis-[Mo(CO),(S,CNEt,),]. 

The ‘H NMR spectra of cis-[Mo(CO),(S,CNEt,)(bipy)][BF,] and cis- 
[Mo(CO),(S,CNEt,),] both show inequivalent ethyl proton resonances. This may 
be explained by the low symmetry of the two six-coordinate complexes. The 
multiplet signal of bipy-H(3) in cis-[Mo(CO),(S,CNEt,)(bipy)][BF,] (6 9.05 ppm) 
appears to low field of the H(6) signal (6 8.85 ppm); this unusual arrangement 
( 6(H(3) > S(H(6)) has also been observed [l] in the spectra of other molybdenum(I1) 

complexes, [Mo(CNEt),(bipy),][BF,], and cis-[Mo(CO),(bipy)z(NCMe)][BF,I,. 
Tetra(n-butyl)ammonium nitrate reacts with an equimolar quantity of cis- 

[Mo(CO),(bipy)2(NCMe)][BF,I in acetonitrile solution at room temperature to 
produce a high yield (74%) of a dark green complex, identified as cis-[Mo( n2- 
NO,)(CO),(bipy)][BF,] by microanalysis and spectroscopy. The infrared spectrum 
shows two strong absorptions (1820, 1720 cm-‘) assigned to cis carbonyl ligands. 
The nitrate group is recognised by absorptions at 1495s 1340m and 1250msh cm-‘. 
The nitrate absorption which might be expected at ca. 1030 cm ~’ is obscured by the 
strong, broad absorption of the tetrafluoroborate ion. The ‘H NMR spectrum of the 
complex (acetone-d, solution) contains the four signals (6 7.42 (H(5)), 8.12 H(4)), 

8.40 (H(3)), 9.05 (H(6)) ppm) of the bipy ring protons. These data suffice to 
characterise the dark green cation and to identify it with cation in the minor 
product of the oxidation of cis-[Mo(CO),(bipy),] with Ag[NO,], which is cis- 
[Mo( n2-NO,)(CO),(bipy)][NO,]. The major product of the silver(I) nitrate oxida- 
tion has been identified as [Mo(NO,)(CO),(bipy),][NO,] [8]. 

The equimolar addition of tetraethylammonium nitrite in acetonitrile solution to 

cis-[Mo(CO),(bipy),(NCMe)][BF,], in the same solvent caused an immediate 
change in colour to dark green with the formation of the product which is identified 
as six-coordinate [Mo(ONO)(CO)(bipy),][BF,] by microanalysis and spectroscopy. 
The single carbonyl ligand is indicated by a strong absorption at 1890 cm-’ and the 
O-bonded nitrito ligand by absorptions at 1440s 1160m, and 890m cm ‘; the 
absence of an absorption in the 1340-1320 cm- ’ region [9] precludes the N-bonded 

nitro form. The complex is a 1 : 1 electrolyte in acetonitrile solution. The observa- 
tion of a well-resolved ‘H NMR spectrum in solution is consistent with diamag- 
netism. The simplicity of the NMR spectrum may suggest a trans-stereochemistry of 
the carbonyl and nitrito ligands, but previous experience of several cis-bis(2,2’-bi- 

pyridine) complexes of molybdenum(O) and molybdenum(I1) which also show 
fortuitously simple ‘H NMR spectra [1,8,10], indicates the need for caution in the 
absence of an X-ray crystallographic structure determination. 

The reaction between equimolar proportions of sodium pentane-2,4-dionate, 
Na[acac], and cis-[Mo(CO),(bipy)2(NCMe][BF,I, in acetonitrile at room tempera- 
ture is rapid and produces a dark purple (black) solution from which purple-black 
crystals can be isolated. The same material can be produced when an excess of pure 
pentane-2,4-dione, acacH, is warmed (320 K) with cis-[Mo(CO),(bipy),(NCMe)]- 
[BF,], in acetonitrile. The purple-black solid is characterised as [Mo(acac)(bipy),]- 
[BF,] by microanalysis and spectroscopy. The infrared spectrum of the complex 
establishes that the acac ligand is O-bonded (v(C0) 1560m, 1530~s cm- ‘), and this 
is confirmed by the ‘H NMR spectrum in which the methyl protons produce a 
signal at S 2.15 and the y-methine proton resonates at 6 5.65 ppm. 



Conclusions 

Experimental 
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1.63 (s, 9H, CMe,) ppm. IR (Nujol) 1600m, 1420s. 1380m, 1250m. 1150s 970m 
cm -l. X,,(MeCN) 515 nm. 

cis-[N,N-Diethyldithiocarbamato)dicarbonyl(2 ,2’-bipyridine)molvbdenum(II)tetra- 
fluoroborate 

A solution of sodium N,N-diethyldithiocarbamate (0.34 g, 1.97 mmol) in 
acetonitrile (10 cm3) was added slowly (syringe) to a stirred solution of cis- 

[Mo(CO),(bipy)2(NCMe)][BF,I, (1.34 g, 1.97 mmol) in acetonitrile (30 cm3). The 
mixture rapidly became purple in colour. After being stirred for 1 h at room 
temperature the mixture was evaporated to dryness under reduced pressure. The 
solid residue was extracted with dichloromethane and the extract was filtered. 
Petroleum ether (40-60°C) was allowed to diffuse into the filtrate. After 3 d purple 
crystals were isolated by filtration, washed with diethyl ether and dried in vacua 
(0.97 g, 90% yield). (Found: C, 36.9; H, 3.0; N, 8.3; S, 11.2. C,,H,,BF,MoN,O,S, 
calcd.: C. 37.6; H, 3.3; N, 7.7; S, 11.7%). ‘H NMR (acetone-d,) S 1.35 (tt, CH,), 

3.95 (sextet, CH,), 7.60 (td, H(5)), 8.14 (td, H(4)), 8.85 (d, H(6)), 9.05 (d. H(3)) 
ppm. IR (Nujol) 1940s 1855s 1600m, 1500m, 131Ow, 128Ow, 1055sbr, 980s cm-‘. 
h max (MeCN) 500 nm. 

cis-((77’-Nitrato)dicarbonyl(2,2’-bipyridine)molybdenum(II)~ tetrajluoroborate 

Tetra(n-butyl)ammonium nitrate (0.56 g, 1.84 mmol) in acetonitrile solution (10 
cm3) was added slowly (syringe) to a rapidly stirred solution of cis-[Mo(CO),- 

(bipy),(NCMe)][BF,], (1.25 g, 1.84 mmol) in acetonitrile (30 cm3). The reaction 
mixture rapidly became dark green in colour. The mixture was stirred at room 
temperature for 1 h and then filtered. The filtrate was evaporated to dryness under 
reduced pressure. The solid residue was extracted with acetone (20 cm3) and the 
extract was filtered. Diethyl ether was allowed to diffuse into the extract so that the 
precipitation of a green solid occurred over a period of several days. The green 
powder was isolated by filtration and then washed with diethyl ether and finally 
dried in vacua. (0.62 g, 74% yield). (Found: C, 31.3; H, 2.0; MO, 20.7; N, 9.0. 
C,,H,BF,MoN,O, calcd.: C, 31.5; H, 1.7; MO, 21.0; N, 9.2%.). ‘H NMR (acetone- 
d6) 6 7.42 (td, H(5)), 8.12 (td. H(4)), 8.49 (d, H(3)), 9.05 (d, H(6)) ppm, IR (Nujol) 
1820s 1720s 1600m, 1495s 1320m, 128Ow, 1250m, 1055br, 940m, 910m. 770s cm-‘. 
h max (MeCN) 430 nm. 

Nitritocarbonylbis(2,2’-bipyridine)molybdenum(ll) tetrafluoroborate 
Tetraethylammonium nitrite (0.31 g, 1.76 mmol) in acetonitrile (10 cm’) was 

added slowly (syringe) to a rapidly stirred solution of cis-[Mo(CO),(bipy),- 
(NCMe)][BF,], (1.18 g, 1.74 mmol) in acetonitrile (30 cm3). The reaction mixture 
rapidly became dark green in colour. The mixture was stirred at room temperature 
for 3 h and then filtered. The filtrate was evaporated to dryness under reduced 
pressure. The solid residue was extracted with acetone and the extract was filtered. 
Diethyl ether was allowed to diffuse into the extract. so that the precipitation of a 
finely divided green solid occurred over a period of 3 d. The green powder was 
isolated by filtration, then washed with diethyl ether and finally dried in vacua (0.32 
g, 32% yield). (Found: C, 44.4; H, 2.7; N, 12.3. C,,H,,BF,MoN,03 calcd.: C, 44.3; 
H, 2.8; N, 12.3%). ‘H NMR (acetone-d,) S 7.57 (t. H(5)), 8.18 (t, H(4)), 8.49 (d, 
H(3)), 8.95(d, H(6)) ppm. IR (Nujol) 1890 vs, 1595m, 1440s 132Ow, 126Ow, 1180m, 
1160m, 1055br, 780s cm--‘. X,, (MeCN) 605 nm. 
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