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(CO),{(CH,),X}] (X= Cl, Br) complexes were obtained 
as colourless oils in good to moderate yields. Like their 
iron analogues, the [CpRu(CO),{(CH,),Br}] complexes 
react with NaI to form [CpRu(CO),{(CH,),I}], eqn. 
(2) (n = 3-5). 

[CpRu(CO),{(CH,),, Br}] + NaI - 

ICPWCO)~{(CH~),I)I + NaBr (2) 
The complex [CpRu(CO),{(CH,),I}] was isolated 

as a colourless, low melting solid, whilst [CpRu- 
(CO)&CHJ, 111 (a = 4, 5) were obtained as colourless 
oils. The [CpRu(CO),{(CH,),X}] complexes appear to 
be significantly more stable to air and light than are 
their iron analogues and they may thus be useful 
precursors for other functionalised ruthenium alkyl 
compounds. The iodoalkyl complex [CpRu(CO),- 
{(CHJJ}] has since been briefly reported, but as a 
yellow solid [lo]. Our experience has shown that a 
yellow colour indicates the presence of trace quantities 
of [CpRu(CO),],. The complex [CpRu(CO),{(CH,),Cl}] 
also reacts with NaI to form [CpRu(CO),{(CH,),I}]; 
however, a large excess of NaI (c. 100 fold) and long 
reaction times (2-3 days) are needed to obtain even 
moderate yields. The data for the ruthenium haloalkyl 
complexes are reported in Tables 1 and 2. 

As with the iron haloalkyl complexes, the IR v(CO) 
bands of the ruthenium complexes show a very slight 
trend towards lower wave numbers as the carbon chain 
lengthens from n = 3 to 5. Little change is observed on 
changing X from Cl to Br to I. 

Assignments of the ‘H and 13C NMR spectra of these 
complexes were made using COSY and HETCOR 
experiments. The ‘H NMR data is shown in Table 1. 

TABLE 1. Data for the [CpRu(CO),{(CH,),X}] complexes 

The chemical shift of the Cp peaks is not affected by 
either n or X. In contrast both n and X affect the 
shifts of the CH,X peaks. Thus these peaks are shifted 
0.1-0.2 ppm upfield as X changes from Cl to Br to I, 
reflecting the electronegativity differences of the hal- 
ogens. As n changes from 3 to 4, the CH,X triplets 
move downfield by 0.1 ppm, presumably reflecting a 
decrease in the influence of the ruthenium group. 

The 13C NMR data are shown in Table 2. The CO 
peaks of the complexes move to a marginally lower 
field as it changes from 3 to 5. The nature of the 
halogen does not appear to affect the position of the 
CO or Cp peaks. The effect of the halogen on the 8 
value of the CH, carbon (Y to ruthenium is very apparent 
for IZ= 3 but diminishes with increasing n. The peak 
due to the a-carbon is shifted upfield for complexes 
with smaller values of n. This is contrary to what one 
would expect from consideration of the inductive effect 
of the halogens. Of particular interest are the compounds 
where II = 3, for which the peak of the CH, carbon (Y 
to ruthenium is at a higher field for X=Br than for 
X=1. These observations could possibly be explained 
in terms of a weak bonding interaction between the 
halogen and the ruthenium. The interaction between 
ruthenium and X is also shown by the l-2 ppm downfield 
shift of the peaks of the carbons (Y to X for IZ =3, 
relative to the corresponding peaks for compounds with 
n = 4 or 5. Thus as n increases, the distance between 
X and Ru increases, and the effect of their interaction 
decreases. This is as observed for their iron analogues 
[6]. Such an interaction is also indicated by the mass 
spectral data. Apart from spectroscopic evidence [6], 
kinetic [3], thermal [14] and synthetic [ll] evidence 

n X Yield m.p. IR v(C0)” ‘H NMR (6) 

(%) (“C) (cm-‘) 

CP CH,X (Y-CH~ P-CH, Y-CHZ S-CH, 

3 Cl 38 oil 2021~s 1963~s 5.20s 3.39t 1.56m 1.94m 
?1=7.0 

Br 67 oil 2022~s 1965~s 5.24s 3.30t 1.60m 2.06qu 
3J= 7.2 ?I= 7.8 

I 75 37-39 2022vs, 1962~s 5.2% 3.10t 1.58m 2.04m 
‘J= 7.4 

4 Br 54 oil 202Ovs, 1961~s 5.24s 3.43t 1.64m 1.64m 1.85m 
?I= 6.8 

I 88 21-22 202Ovs, 1960vs 5.24s 3.21t 1.76m 1.76m 1.82m 
jJ= 7.0 

5 Br 68 oil 2019vs, 1960vs 5.21s 3.38t 1.60m 1.60m 1.42m 1.85qu 
3J= 6.9 3J=7.1 

I 80 oil 2019vs, 1960vs 5.22s 3.17t 1.56m 1.56m 1.37m 1.83qu 
3J= 6.9 ‘J=7.2 

“In hexane. bin CDC13 relative to TMS, J values in Hz, a-CHZ refers to those protons on the carbon a to ruthenium etc.; t = triplet, 
qu = quintet. 
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TABLE 2. Further data for the [C~RU(CO)~{(CH,),X}] complexes 

n X “C NMR” Elemental Molecular 
analysi? ion’ 

co CP CH,X (u-CH~ P-CHz rCHa &CHa 

3 Cl 201.9 88.5 47.6 -8.6 42.2 c: 40.20(39.98) 300 
H: 4.00(3.66) 

Br 201.8 88.4 36.2 - 7.4 42.2 c: 35.10(34.80) 348 
H: 3.40(3.20) 

I 201.8 88.4 10.1 -4.5 43.5 c: 30.90(30.69) 392 
K: 2.80(2.81) 

4 Br 202.1 88.5 33.8 -5.3 37.7 37.4 c: 37.60(36.90) 362 
K: 3.50(3.60) 

I 202.1 88.5 7.4 -5.6 40.1 38.0 c: 32.90(32.61) 406 
H:3.10(3.23) 

5 Br 202.3 88.5 34.2 -4.1 38.7 33.1 32.5 c: 39.30(38.72) 376 
H: 3.90(4.06) 

I 202.3 88.5 7.6 -4.1 38.5 35.5 33.3 c: 35.20(34.38) 420 
H: 3.75(3.61) 

“In CDQ, relative to TMS; cz-CH* refers to those protons on the carbon a to ruthenium etc. bCalculated values in parentheses. ‘Refers 
to most abundant isotope peak in the molecular ion pattern of the mass spectrum. 

for such an interaction is available for other halopropyl 
transition metal complexes. Also apparent are the large 
chemical shift differences (c. 11 ppm) between the 
carbon (Y to Cl and Br, respectively, and Br and I (c. 
26 ppm), respectively, reflecting the different electron 
withdrawing characters of the halogens. 

The low resolution mass spectra of these ruthenium 
complexes have been recorded. Although no high res- 
olution or metastable data were obtained, the spectra 
indicate that the ruthenium haloalkyl complexes behave 
identically to their iron analogues under electron impact 
mass spectral conditions [6]. Notably, the fragments 
[CpRu(CO),X] and [CpRu(CO)X] have significant rel- 
ative intensities only for the complexes where n =3, 
implying that the Ru-X bond is formed much more 
easily in these complexes. The observed relative in- 
tensities also imply that the Ru-I bond is more readily 
formed than the Ru-Br bond, lending further support 
to the explanation of the deshielding effect seen in the 
13C NMR data discussed earlier. 

Preliminary studies have shown that these 
[CpRu(CO)A(CH,), I)1 complexes are good precursors 
to ruthenium-containing heterobimetallic complexes of 
the type [Cp(CO),Ru(CH,),M(CO),Cp] (M = MO or 
W) [15]. Further work on the reactions of these 
[CpRu(CO),{(CHA WI complexes is in progress and 
will be reported in a forthcoming paper [16]. 
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