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Although a large number of seven-coordinate di- 
halocarbonyl compounds of molybdenum(l1) and 
tungsten(I1) of the type [MX,(CO),h] (M = MO or 
W; X = Cl, Br or I; L = monodentate donor ligands; 
k = bidentate donor ligands) are known [l-l l] very 
few tin halide complexes of this type have been 
reported. In 1968, Lewis and coworkers [12] re- 
ported the reaction of the zero-valent molybdenum 
complex [Mo(CO)4(bipy)] (bipy = 2,2’-bipyridine) 
with one equivalent of SnC14 to give the seven- 
coordinate compound [MoCl(SnC13)(CO),(bipy)J. 
Kummer and Graham [13] extended this type of 
reaction by using SnX4 (X = Br and I) and GeX4 (X = 
Cl, Br or I). More recently, in 1985 Panizo and Cano 
[14] have reported the synthesis of the seven- 
coordinate compounds [MoC1(SnC13)(CO), {P(4- 
XC6H4)s}(bipy)] (X = F, Clor Me). In the same year, 
Bell and Walton [15] reported the reaction of the 
zero-valent complex [Mo(CO),(RN:CHCH:NR)] (R = 
Pr’, But or Cy) with SnCL,, to give the seven- 
coordinate compounds [MoCl(SnCl&C0)3(RN:- 
CHCH:NR)] . 

We have recently described the synthesis of the 
reactive seven-coordinate bisacetonitrile complex 
[MoCl(SnC13)(CO),(NCMe)2] [ 161. The complex 
[MoCl(SnCl,)(CO),(NCMe),l is prepared in sifu 
by reacting the trisacetonitrile compound [MOM- 
(NCMe),] [ 171 with an equimolar quantity of SnC14. 
In this paper we wish to describe its reactions with 
bidentate nitrogen donor ligands. 

The complex [MoCl(SnCl,)(CO),(NCMe>2] was 
prepared by the published method [16]. The 1 ,?- 
diaza-1,3-butadiene ligands RN:CHCH:NR (R = Bu’, 
Cy and p-MeOPh) were prepared by the published 
method [ 18-201. All chemicals were purchased from 
commercial sources except [MOM], which was 
kindly donated by Amax Speciality Metals U.K. Ltd. 

*Author to whom correspondence should be addressed. 

Elemental analyses (C, H and N) were determined 
using a Carlo Erba elemental analyser MOD 1106 
(using helium as a carrier gas). Infrared spectra were 
recorded on a Perkin-Elmer 1430 ratio-recording 
infrared spectrophotometer. Magnetic susceptibility 
measurements were measured on a Johnson-Matthey 
magnetic susceptibility balance. 

To [MoCl(SnC13)(CO)3(NCMe)Z] (0.50 g, 0.957 
mmol) dissolved in acetone (15 cm3) with continuous 
stirring under a stream of dry nitrogen, was added 
bipy (0.149 g, 0.957 mmol). After stirring the solu- 
tion for 2 h, removal of the solvent in vacua and 
washing with 60-80 petroleum ether and diethyl 
ether gave purple crystals of [MoCl(SnCl,)(CO),- 
(bipy)] (1) (yield = 0.42 g, 74%), which were re- 
crystallised from acetone. 

Similar reactions of [MoCl(SnC13)(CO),(NCMe)Z] 
with one equivalent of N-N (N-N = 1, IO-phenanthro- 
line, Bu’N:CHCH:NBu’, CyN:CHCH:NCy and p- 
MeOPhN:CHCH:NPhOMe-p) gave the compounds 
[MoCl(SnCl,)(CO),(N^N)] (2-5) (See Table 1 for 
physical and analytical data). 

(Mo(SnC13)(CO)2(BuiN:CHCH:NBui)2]Cl (8) 
To [MoCl(SnC13)(CO)3(NCMe)Z] (0.5 g, 0.957 

mmol) dissolved in acetone (15 cm3) with continuous 
stirring under a stream of dry nitrogen, was added 
Bu’N:CHCH:NBu’ (0.32 g, 1.914 mmol). After 
stirring the solution for 2 h, removal of the solvent 
in vacua and washing with 60-80 petroleum ether 
and diethyl ether gave light brown crystals of 
[Mo(SnC13)(CO)z(BuiN:CHCH:NBui)Z]Cl (8) (yield = 
0.52 g, 72%) which were recrystallised from acetone. 

Similar reactions of [MoCl(SnCl,)(CO),(NCMe),l 
with two equivalents of N-N (N-N = 2,2’-bipyridine, 
1, lo-phenanthroline, CyN:CHCH:NCy and p- 
MeOPhN:CHCH:NPhOMe-p) afford the cationic com- 
plexes [Mo(SnCl,)(CO),(N*N),1Cl (6, 7, 9, IO) (See 
Table 1 for physical and analytical data). 

Results and Discussion 

Reaction of the seven-coordinate bisacetonitrile 
complex [MoCl(SnC13)(C0)3(NCMe)2] with an 
equimolar quantity of the bidentate nitrogen donor 
ligands N-N (N-N = 2,2’-bipyridine, 1 ,lO-phenan- 
throline, Bu’N:CHCH:NBu’, CyN:CHCH:NCy and p- 
MeOPhN:CHCH:NPhOMe-p) in acetone at room tem- 
perature affords the substituted products [MoCl- 
(SnC13)(CO),(N-N)] (l-5) in high yield. In contrast, 
reaction of the bisacetonitrile complex [MoCl(SnC13)- 
(C0)3(NCMe),] with two equivalents of N.-N (N-N = 
2,2’-bipyridine, 1, IO-phenanthroline, Bu’N:CHCH:- 
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TABLE 1. Physical and analytical data for the complexes [MoCl(SnCls)(CO)s(N*N)] and [Mo(SnCls)(CO)~(N^N)$Zl 

Complex Colour Yield (70) Analysis (%)a 

C H N 

[MoCl(SnC13)(CO)3(bipy)l (I) purple 

[MoCl(SnC1,)(CO),(phen)l (2) red 

[MoC1(SnC1s)(CO)s(BuiN:CHCH:NBui)] (3) light 
brown 

[MoCl(SnCls)(CO)s(CyN:CHCH:NCy)] (4) red 

[MoCI(SnCls)(CO)s@-MeOPhN:CHCH:NPhOMe-p)] (5) brown 

red 

dark 
brown 

[Mo(SnC1s)(CO)s(BuiN:CHCH:NBui)a]Cl (8) light 
brown 

[Mo(SnC1s)(CO),(CyN:CHCH:NCy)2]Cl (9) dark 
red 

[Mo(SnC1s)(CO)2@-MeOPhN:CHCH:NPhOMe-p)2]C1 (10) dark 
red 

74 

75 

83 

62 

50 

13 

67 

12 

85 

58 

26.1 
(25.9) 

29.1 
(29.1) 

25.5 
(25.6) 

31.1 
(30.8) 

32.0 
(32.2) 

36.8 
(36.5) 

40.4 
(40.4) 

35.8 
(35.3) 

40.6 
(42.2) 

42.0 
(43.0) 

1.3 4.7 

(2 .O) (4.6) 

1 .I 4.1 

(1.3) (4.5) 

3.0 5.1 

(3.3) (4.7) 

4.6 3.9 

(3.6) (4.2) 

3.1 4.1 

(2.3) (4.0) 

2.3 7.1 

(2.2) (7.7) 

2.2 6.8 

(2.1) (7.1) 

4.9 7.5 

(5.3) (7.5) 

6.2 5.9 

(5.6) (6.6) 

3.4 6.3 

(3.4) (5.9) 

Valculated values in parentheses. 

NBu’, CyN:CHCH:NCy or p-MeOPhN: CHCH: - 
NPhOMe-p) gave the cationic complexes [Mo(SnC13)- 
(CO),(N^N),]Cl (6-10). The seven-coordinate 
molybdenum complexes l-10 have been charac- 
terised by elemental analysis (C, H and N) (Table 1) 
and infrared spectroscopy (Table 2). Magnetic 
susceptibility measurements on the seven-coordinate 
compounds show that the complexes are diamagnetic. 

TABLE 2. Infrared dataa for the complexes [MoCI(SnCls)- 
(CO)s(N N)] and [Mo(SnCls)(CO)s(N N)z]Cl 

Complex v(C=O) (cm-‘) u(C=N) (cm-‘) 

1 2030(s), 1935(s) and 1900(m) 
2 2010(s), 1980(s) and 1920(m) 
3 2080(m), 2050(m) and 1978(s) 1599(s) 
4 2005(m), 1965(s) and 1900(s) 1495(m) 
5 2060(s), 1984(s) and 1910(m) 1525(m) 
6 1879(s) and 1820(s) 
7 1900(s) and 1840(s) 
8 1910(s) and 1865(s) 1460(m) 
9 1900(m) and 1840(s) 1410(s) 

10 1930(m) and 1880(s) 1442(s) 

?Spectra were recorded as thin films in CHCls between NaCl 
plates; m, medium; s, strong. 

The neutral complexes [MoCl(SnCla)(CO),(bipy)] 
(1) [ 121 and [MoCl(SnCla)(CO)a(CyN:CHCH:NCy)J 
(4) [15] have been previously described, whereas 2, 
3 and 5-10 are new compounds. The neutral (l-5) 
and cationic (6-10) complexes are moderately stable 
when stored under nitrogen in the dark; however they 
decompose when exposed to air in solution. The com- 
pounds l-10 are moderately soluble in acetone and 
only sparingly soluble in chlorinated sovlents such as 
CHC13 and CH2C12. They are insoluble in hydro- 
carbon solvents and diethyl ether. The reactions of 
[MoCl(SnC13)(CO)3(NCMe)2] with N-N are con- 
siderably slower than the reactions of seven- 
coordinate diiodo compounds [M12(C0)3(NCMe),] 
(M = MO or W) with bidentate nitrogen donor ligands 
N-N (N N = 2,2’-bipyridine and 1, lo-phenanthro- 
line) to give [MI,(CO),(N-N)] [21]. 

Two equivalents of N-N (N-N = 2,2’-bipyridine, 
1, lo-phenanthroline, Bu’N:CHCH:NBu’, CyN:- 
CHCH:NCy and p-MeOPhN:CHCH:NPhOMe-p) react 
with [MoCl(SnCla)(CO),(NCMe)a] to give the cation- 
ic dicarbonyl compounds [Mo(SnC1&C0)2NAN)2]- 
Cl. These cationic dicarbonyl compounds (6-10) are 
probably prepared via reaction of [MoCl(SnC13)- 
(CO),(N^N)] with N-N, which displaces a carbon 
monoxide ligand and an ionisable chloride ion. These 
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cationic dicarbonyl compounds are analogous to 
previously reported complexes of the types 
[MX(C0)2(L-L)2]X (M = MO, X = Cl or Br; L-L = 
2,2’-bipyridine; M = MO, X = Cl, L-L = I,1 O-phenan- 
throline [22]) and cis-[MI(CO),(dmpe)z]I (dmpe = 
Me,P(CH2)PMe2; M = MO [23, 241 or W [23]). The 
infrared spectra of the cationic seven-coordinate 
compounds [Mo(SnC13)(CO)p(N-N)z]C1 (6-10) all 
show two carbonyl bands between 1820 and 1930 
cm-‘. 

The vast majority of seven-coordinate complexes 
of molybdenum(H) and tungsten(H) have capped 
octahedral geometry [25], and since the infrared 
carbonyl pattern of l-5 is similar to other [MX2- 
(CO)s(L*L)] complexes which have been shown to 
have capped octahedral geometry [26-301, it is 
likely these tin halocarbonyl seven-coordinate com- 
plexes will exhibit capped octahedral geometry. 
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