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Summary 

Several complexes [(q3-C3H,R)Mo(bipy)(CO)zL]’ [BFJ (R = H or Me; 
L = NH3, &HsN, Ph3P, Ph3As, (PhO),P) have been prepared from (q3-&H,R)Mo- 
(bipy)(CO),Cl and AgBFj in acetone, followed by reaction with L. Their struc- 
tures are discussed in the light of their infrared, ‘H and 13C NMR spectra. 

Introduction 

There have been several reports of complexes of the general type (q3-allyl)M- 
(L-L)(CO),X (M = Cr, MO, W; L-L = a bidentate diimine ligand such as 2,2’-bi- 
pyridyl, l,lO-phenanthroline or an aliphatic diimine; X = halogen or pseudohalo- 
gen) [l-5]. Hull and Stiddard [3] obtained two salts [q3-C,I&R)Mo(bipy)- 
(CO)lpy]’ [BF.J (R = H, 2-Me) by heating [(q3-C3&R)Mo(bipy)(C0)&Zl] in ace- 
tone with pyridine in the presence of sodium tetrafluoroborate. In this paper a 
general method for the preparation of molybdenum complexes of the type 
[(q3-C3H,R)Mo(bipy)(CO)oL] * [BFJ- is described. Very recently [5] Hsieh and 
West independently noted the formation of a similar ionic complex by the same 
method. . 

Results and discussion 

Complexes Ia and Ib react rapidly with silver tetrafluoroborate in acetone to 
give silver chloride and a solution from which the acetone complex [(p3-C3H~R)- 
Mo(bipy)(CO),acetone] l [BFJ can be isolated. Complexes IIc-IIe, IIIc-IIIf 
were obtained by adding this solution to an excess of the &and L (L = Ph,P, 
Ph3As, (PhO)3P or C5HSN) dissolved in acetone. The salts were isoIated by con- 
centration of the resulting solution followed by precipitation with diethyl ether. 
The ammonia complexes IIb and IIIb were prepared by bubbling animonia gas 
tbrougb a solution of Ha or IIIa respectively_ 
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(q3-C3H4R)Mo(bipy)(CO)zC1 Ls [(q3-C3H4R)Mo(bipy)(CO)zacetone]+ [BF,]- 

(Ia) R = H UIaJ R=H 
<Ib> R = 2-Me W’b, R = 2-Me 

--& C(r13-C~H~R)Mo(bipy)02L3* DFJ 

(Uh-IIf) R = H 
UIIb-III0 R = 2-Me 

The complexes having L = NH3 or CSHsN appear to be stable in air indefiniteIy 
both in the solid state and in solution, whereas solutions of those with L = Ph3P, 
Ph,As or (PhO)3P slowly decompose in air. The conductivities of methanol solu- 
tions of the salts are consistent with their formulation as 1 : 1 electrolytes (see 
Table 1 for analytical details and conductivities). 

I- -l 

TABLE 1 

ANALYTICAL DATA FOR THE COMPLEXES fh3C~H4R)Mo(bipy)(C0,ZLl*BF~ 

Compound R l. CoIour M.P. Yield Found (calal.) <%I A= 
CC> (%) 

C H Other 

IIb H NH3 hlaroon 209 57 39.66 3.64 N 9.21 97 
(dcc_) (39.76) (3.56) (9.28) 

IIC H CsHsN Red 205 92 46.51 3.28 92 
(dec.1 (46.63) (3.52) 

IId H Ph3P Brick 160 606 56.56 4.17 92 
red (dec.) (56.76) (4.04) 

lie H Ph3As OCIUe 180 60 63.40 4.00 
(deca) (53.40) (3.80) 

IIIa CH2 <CH3)2CD Brown 158 76 44.65 4.30 
<decJ (44.91) (4.17) 

IIIC CH3 CsHsN D=P 182-186 47.99 4.04 91 
red (decw) 91 (47.66) (3.811 

IIId CH3 Ph3P mOWIt 165-170 84 57-61 4.51 86 
(dec.) (57.33) (4.25) 

IIIe CH3 W3As Brown 160 55 54.23 3.92 
(dec.1 <54.06) (4.00) 

IIIf CH3 G’hD13P Brown 160 70 52.80 4-09 
(dec.1 (63.71) (3.98) 

p Equivalent conductivity <o&il> in methmol at 25°C <lo+ M coqplex). CaIc. for EC1 at lr3 M. 97 
ohmi- I131. b I+ep&eade~eImCH$I3~ 
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TABLE 2 

‘H NMR CHEMICAL SHIFTS= (6. ppm) FOR THE COXIPLEXES [(r13c3)4R)Mo(bipy)(CO)ZL] +EIF4- 
____ _.-____ 

Compound H 0.n H anti R bipy Other 
________- 

In3 

IIC 

IId 

He 

IIIa 

IIIb 

IIIC 

IIId 

IIIe 

IIIf 

3.46 b 

3.73 b 

3.81 b 

3.79 b 

3.45s 

3.19s 

3.55s 

3.45s 

3.41s 

3.62d 
J(PH) 
2Hz 

1.57d 
J(HH) 9 Hz 

1.88d 
J<HH) 9 Hz 

2.2M 
J(HH) 10 Hz 

2_17d 
J(HH) 10 Hz 

1.53s 

1.52s 

1.84s 

2.15s 

2.17s 

2.29s 

3.3m 

3.5m 

3.5m 

3.5m 

1.21s 

1.03s 

1.19s 

0.90s 

0.89s 

l.Ood 
J<PH) 
2 Hz 

7.7-8.lm (2) 

8_2-8.8m (4) 
9.15d (2) 
7.3-7.7m (2) 
7.8-6.8m (9) 
9.50d (2) 
7.4-7.7m (17) 
8.0-8.6m (4) 
8.86d (2) 
7.3-7.8m (17) 
8.2-8.6m (4) 
8.95d (2) 
7.8-8.2m (21 
8.3-8.8m (4) 
9.45d (2) 
7.7-8.lm (2) 
8.3-8.8m (4) 
9.17d (2) 
7.3-i.6m (2) 
7.7-8.3m (4) 
9.51d (2) 
7.3-7.7m (17) 
S-l-8.5m (4) 
8.824 (2) 
7.2-7.9m (17) 
8.1-8.5m (4) 
8.98d (2) 
6.8-6.9m (23) 

includes pyridine 

Includes Pb3P 

Includes Ph3As 

2.20s <CH3)$ZO 

2.53(k) <NH3) 

8.5 (5) GgHgN) 

Includes Ph3P 

indudes Ph3As 

Includes <PbO)3P 

o At 60 MHz in CDsNOz_ b Resonance appears as a very dIstorted doublet. 

The infrared spectra of all the compounds II and III show two bands of approx- 
imately equal intensity at ca. 1965 and 1875 cm-‘. This intensity pattern indi- 
cates a cis-arrangement of the two carhonyl Iigands [5,6]. An X-ray CrystaIIogrdph- 
ic study of IIc has shown that the cation has the configuration IV [7]_ The ‘H 
and 13C NMR spectra of the salts (Tables 2 and 3) also indicate symmetrically 
bonded v3-ally1 groups, consistent with this structure in solution. 

There have been rather few reports of 13C NMR spectra for q3-ally1 complexes 
of transition elements, excepting palladium [8,9]. 13C chemical shifts for five of 
the complexes are given in Table 3. The resonances of the bipyridyl ligand are 
assigned following TZnzer et al. [lo], and of pyridine after Bancroft [ll]_ 

Experimental 

AU reactions were carried out in an atmosphere of oxygen-free nitrogen. The 
chIoro compiexes Ia and Ib were prepared from Mo(bipy)(CO)s 1121 by the 
method of Hull and Stiddard [3]. 

Prepamtion of r(t13_c3Hdr)Mo(bipy)(CO)2L] * [BFJ- 
Silver t&rafluoroborate (0.4 g, 2 mmol) was added to a suspension of the 
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chloro complex Ia or Ib (2 mmol) in acetone (40 ml) with stirring. After 10 min 
the mixture was filtered into a solution of the appropriate ligand (3-4 mmol) in 
acetone (10 ml). If excess ligand is not used, the product tends to be contamin- 
ated with the acetone complex, particularly where L = PhsAs or (PhO)SP. After 
30 min stirring the solvent was evaporated under reduced pressure to about 10 - 
ml and the complex precipitated by addition of diethyl ether (ca. 50 ml). Analy- 
tical data are given in Table 1. 

Preporation of [(11’-CJr6c)Mo(bipy)(CO)~~~~]’ [BFJ- 
The procedure was similar to that described above, except that gaseous am- 

monia was bubbled through the solution after filtration of AgCl for about 10 
min. The products were isolated in the same way and recrystallised from acetone/ 
ether. 

‘H NMR spectra were measured in CD3N02 at 60 MHz on a Varian E1M360 
spectrometer_ 13C NMR spectra were obtained at PCMU, Harwell. 
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