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Summary 

Oxidation of cis-[Mo(CO),(bipy),] (bipy = 2,2’-bipyridine) by silver(I) salts, AgX 
(X = NCS, NO,, NO,) in acetonitrile solution at room temperature has been found 
usually to result in the displacement of one bipy ligand by the nucleophile, X. The 
products have been characterised as cis-[Mo(NCS)2(CO),(bipy)(NCMe)], [Mo($- 
NO,)(CO),(bipy)][NO,] and [Mo(NO,)(CO),(bipy),][NO,] by microanalysis, con- 
ductivity measurements and spectroscopy (IR, ‘H NMR, electronic absorption). 
These results are compared with those for oxidation of cis-[Mo(CO),(dmpe),] 
(dmpe = ethanediylbis(dimethylphosphine)) and can be explained in terms of the 
basicity of X which increases in the order X = NO,- < NO,- < NCS. 

Introduction 

Previous work on the oxidation of cis-[Mo(CO),(bipy),] has shown that Ag[BF,] 
(1 mol) produces red-brown, diamagnetic [Mo2(C0)4(bipy)4][BF4]2 which dissoci- 
ates in acetone solution to form green, paramagnetic truns-[Mo(CO),(bipy),][BF,]. 
Either of these molybdenum(I) cations can be oxidised further by Ag[BF,] (1 mol) in 
solution to cis-[Mo(CO),(bipy),(solvent)][BF,], which have been isolated [l]. Oxida- 
tion with silver(I) in the presence of a neutral coordinating ligand, L, gives [2] 
complexes, cis-[Mo(CO),(bipy)2L][BF,I, (L = P(OMe),, PhC=CH), some examples 
of which can also be obtained [3] by substitution in cis-[Mo(CO),(bipy),- 
(solvent)][BF,],. 

Investigations of the oxidation of cis-[Mo(C0)2(dmpe)2] by silver(I) salts have 
shown that the nature of the anion is important in determining the product of the 
oxidation [4]. When a coordinating anion such as nitrate or thiocyanate is involved, 
it is possible to isolate stable seven-coordinate, ionic molybdenum(I1) complexes 
containing the anion coordinated to the metal. When a weakly coordinating anion 
such as tetrafluoroborate or hexafluorophosphate is used, a stable molybdenum(I1) 
product was not isolated [4]. 
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We report the results of experiments designed to compare the influence of the 
Iigands dmpe and bipy on the products of cTxidat.ion renctirtns involving Givct‘( Ii 

(CO),(bipy)),]. 
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attention to the coincidental simplicity of the proton NMR spectrum of a c&bis(bipy) 
complex of molybdenum [1,7]. 

The minor product is a green solid (A,,, 435 nm (MeCN)) which is a 1 : 1 
electrolyte in acetonitrile solution, and is relatively less soluble in solvents of lower 
polarity, such as dichloromethane, than the major product described above. Micro- 
analysis indicates that this complex is the six-coordinate [Mo(~~-NO~)(CO)~- 
(bipy)][NO,]. Repeated preparations and analyses of this green salt have failed to 
provide evidence for the presence of a coordinated acetonitrile solvent ligand. The 
infrared spectrum of the solid complex establishes the bidentate character of the 
nitrato ligand (1495s, 1340m, 1250m, 1030m cm-‘), and the c&disposition of the 
CO ligands (182Os, 1720s cm-‘). The low values of the v(C0) absorption wavenum- 
bers emphasise the enhanced donor/acceptor ratio of both the bidentate nitrato 
tigand and the bipy ligand in this six-coordinate complex. The observation that the 
chemical shifts of H(3) and H(6) in this green complex are at significantly lower field 
than in the yellow [Mo(NO,)(CO),(bipy),][NO,] is consistent with this also. 

Discussion 

The oxidation reactions of cis-[Mo(CO),(bipy),] reported here provide an inter- 
esting contrast to those of cis-[Mo(CO)Z(dmpe),]. In general terms, oxidation of the 
former is usually (but not always) accompanied by substitution of bipy but substitu- 
tion of dmpe as a result of oxidation of the latter complex is not observed [4]. 
Oxidation of cab-~Mo(CO)~(bipy)~] by Ag[NO,], which contains the weakest of the 
three nucleophiles considered here, produces cam-[Mo(NO~)(CO}~(bipy)~l[NO~J, the 
analogue of cis-[Mo(NO,)(CO),(dmpe)l][NO~], as the major of two products. The 
minor product, cis-[M0(q~-NO,)(CO)~(bipy)l[N0~], is the result of substitution of 
bipy by the alternative bidentate nucleophile, nitrate. An increase in the 
nucleophilicity of the anion from nitrate to nitrite produces only the neutral dimeric, 
nitro-bridged complex [~Mo(ONO)(~~,~~(~,~)-NO~)(~O)~(~~~~)}~] by oxidation 
of cam-[Mo(CO)~(bipy)*l with Ag[NO,]. This is in marked contrast to the oxidation 
of cis-[Mo(CO),(dmpe),] by Ag[NO,] which results [4] in the formation of both 
CO, and N,O as a result of oxidation of CO and reduction of nitrite ion. A pure 
molybdenum-containing product was not isolated from the reaction 141. The forma- 
tion of [Mo(ONO)(NO)(CO)(dmpe)*] as a significant intermediate succeeding 
~Mo(NO~)(CO)*(dmpe)~~~NO~] (or Mo(ONO)~CO)*(dmpe)~]~NO*~) was adduced 
to explain the observations [4]. In the present instance, no gaseous product is 
observed. Both nitrite anions are attached to molybdenum(U), one as O-bonded 
nitrito, the other as a bridging q2-nitro group, following displacement of bipy. 

The strongest nucleophile of the three, thiocyanate substitutes bipy at 
molybdenum(I1) to form mononuclear, seven-coordinate cis-[Mo(NCS),(CO),- 
(bipy)(NCMe)~. The involvement of thiocyanate as a bridging ligand is recognised in 
complexes such as [Pt2Cl,(~2, q2 (N,S)-SCN)2(PPr;)2] [8]. The fact that oxidation 
of cis-[Mo(CO),(bipy),] by Ag[NCS] does not produce a dimer such as 
[{Mo(NCs)(?72-NCs)(Co),(bipy)),l, containing a bridging thiocyanate ligand, is 
probably to be explained by the harder acid character of molybdenum(I1) which 
prefers a nitrogen donor ligand (acetonitrile) to sulphur. The influence of the 
chelating ligand is apparent from the fact that oxidation of cj~-[Mo(CO)2(dmpe)~] 
with Ag[NCS] gives cis-[Mo(NCS)(CO),(dmpe),]fNCS] in both dichloromethane 



Experimental 

Preparationa Lvere all carried out under pre-purified &nitrogen using standard 
techniques (Schlenk tubes. cannulae. vacuum manifold). ,411 soI\ ent\ ibert’ dried 
(calcium hvdride. sodium. ot- molecular .sicves). &aerated ;1nd distilled before use. 
The prepafation of c,i.s-[Mo((‘O),(bipq),] has been drtscribed in detail [ lO]. All Gl\er 
salts (Aldrich) were ~~secl ;i\ received without further purification. C‘onductil It\ 
measurements were made with ci Wayne Kerr bridge 8211: the WI1 cc~n~t,ml c,f ttw 

glass conductivity probe UL~ calculated win, 0 standardised ii.01 mol dm ’ pots+ 
sium chloride solution. IK spectra were recorded on Perkin Elmer I’t~ 625 spew’- 
trometer. NMR spectra u’erc recorded on LI .JFOI_ I’SlOO ~pectrometrr. F.lcctrwic 
absorption spectra here meawred on a Perkin Elmer PE402 \pectrctlnetL‘r Micri>- 
analyses were performed b\ 21r. A. F;ts.sam. 

Bi.r-(N-thioc:,‘ur7uto) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Solid silver(I) thiocyanatr: (0.61 g, 3.66’ tnmol) was slo~vl> added to 3 stirred 
solution/slurry of c.i.r-[Mo(CO)Z(bipy)21 (0.85 g, 1.83 mmol) in :icctonitrilc (30 cm’). 
The mixture rapidly changed colour (to purple) and 2 rnet,lllic gre! precipitate of 
silver was formed. After 0.3 h the mixture was filtered through (“elite to remove !he 
silver precipitate. The filtrate was concentrated hq c\.aporaricw under reduced 
pressure. Addition of petroleum ether (40- 60°C boiling fractiL>n) t<> the zonccntrare 
and cooling (273 K) produced a purple solid Lvhich was isolated by iiltratjcvl. \rashed 
and dried in vacua (0.43 g, 51% yield). (Found: C. 43.4: H, 2.5: N. 15.1: S, 13.1. 
C,~,H,,MoN,O,S, calcd.: C‘. 113:-H. 2.3: N. 15.1; S. l?.XV). !I1 NbfR (C‘D,C‘Sr. 6 
7.95 (td. H(5)). X.16 (td. H(4)). 8.48 (d. H(3)). X.72 (d. I-116,) ppm. 
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Nitrito(nitro)2,2’-bipyridinedicurbonylmolybdenum(II) dimer 
A solution of silver(I) nitrite (0.79 g, 4.14 mmol) in acetonitrile (10 cm3) was 

slowly added to a rapidly stirred slurry of cis-[Mo(CO),(bipy),] (0.95 g, 2.07 mmol) 
in acetonitrile (30 cm3). The reaction mixture rapidly changed colour to dark green 
and a metallic grey precipitate of silver was formed. After 0.3 h the mixture was 
filtered through Celite to remove the silver precipitate. The filtrate was evaporated to 
dryness under reduced pressure giving a green solid. The green solid was extracted 
with dichloromethane (3 X 10 cm3), the extracts were filtered, concentrated and then 
covered with a layer of petroleum ether (40-60°C boiling fraction) and stored. The 
yellow crystalline solid, which was deposited from the solution, was isolated by 
filtration, washed with diethyl ether and dried in vacua (0.48 g, 58% yield). (Found: 
C, 35.9; H, 2.2; N, 13.8. C,,H,MoN,O, calcd.: C, 36.0; H, 2.0; N, 14.0%). ‘H NMR 
(CD,CN); S 7.70 (td, H(5)), 8.18 (td,H(4)), 8.44 (d, H(3)), 8.83 (d, H(6)) ppm. 

Reaction of cis-[Mo(CO),(bipy),] with silver(I) nitrate 
A solution of silver(I) nitrate (1.31 g, 6.72 mmol) in acetonitrile (30 cm3) was 

slowly added to a rapidly stirred slurry of cis-[Mo(CO),(bipy),] (1.56 g, 3.36 mmol) 
in acetonitrile (30 cm3). The reaction mixture rapidly changed colour to dark green 
and a metallic grey precipitate of silver was formed. After 0.5 h the mixture was 
filtered through Celite to remove the silver precipitate. The filtrate was evaporated to 
dryness under reduced pressure giving a dark green solid. The green solid was 
extracted with dichloromethane (3 x 10 cm3), the extracts were filtered, concentrated 
and then covered with a layer of petroleum ether (40-60°C boiling fraction) and 
stored. The yellow crystalline material which was deposited from the solution was 
isolated by filtration, washed with a small volume of diethyl ether and dried in vacua 
to give crystals of [Mo(NO,)(CO),(bipy),][NO,] (0.95 g, 48% yield). (Found: C, 
44.9; H, 2.9; N, 13.7. C,,H,,MoN,O, calcd.: C, 44.9; H, 2.7; N, 14.2%). Conductiv- 
ity, A 156 S cm2 mol-’ (lop3 mol dme3 in MeCN). Following extraction of the 
green solid with dichloromethane, the residue was dissolved in acetone, filtered and 
then carefully covered with a layer of diethyl ether and stored. The green solid was 
isolated by filtration, washed with diethyl ether and dried in vacua to give 
[Mo(NO,)(CO),(bipy)][NO,] (0.23 g, 13% yield). (Found: C, 33.1; H, 1.8; N, 12.2. 
C,,H,MoN,O, calcd.: C, 33.3; H, 1.9; N, 12.9%). Conductivity, A 147 S cm’ mall’ 
(lop3 mol drne3 in MeCN). ‘H NMR (CD&N); 6 7.42 (td, H(5)), 8.17 (td, H(4)), 
8.49 (d, H(3)), 9.05(d, H(6)) ppm. 
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