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Summary 

The reactions of Na[CpFe(CO),] (Cp = $CsHs) with cY,w-dihaloalkanes at 
-20°C yield w-haloalkyl complexes of the type CpFe(CO),(CH,),X (12 = 3, 4 or 
5, X = Br; n = 3, X = Cl). CpFe(CO),(CH,),Br reacts with Na[CpFe(CO),] to 
give the known binuclear complexes [CpFe(CO)2]2 [p-(CH,I,] (n = 3, 4 or 5) 
and with Na[CpMo(CO)s] to give the mixed metal complex CpFe(CO),- 
[p-(CH,),]CpMo(CO),. Triphenylphosphine reacts with CpFe(CO),(CH,),Br in 
refluxing acetonitrile to give the carbene cation [CpFe(CO)(PPh,)C~H,CH,CH,]+, 
isolated as the PF,- and BPh,- salts, and the cationic acyl complex [CpFe(CO)- 
(PPhJ)CO(CH2),PPh,]+Br-. 

Introduction 

Fischer and Tropsch originally suggested the polymerisation of methylene 
groups on a metal surface to account for the formation of products in the 
Fischer-Tropsch reaction [ 11. Recent evidence [ 21 has been found to be con- 
sistent with this proposal and this has res.ulted in considerable current interest 
in dinuclear complexes containing bridging methylene [3] or polymethylene 
groups. A possible route to such complexes is via haloalkyl complexes. 

The reactions of Na[CpFe(CO),] with cY,o-dihaloalkanes in refluxing tetra- 
hydrofuran (THF) have been reported to yield the dinuclear complexes 
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[CpFe(C0)J2[p-(CH,),] [4] and the structures of the complexes where n = 3 
or 4 have been determined by X-ray crystallography [ 51. Although it has been 
proposed that these binuclear complexes are formed from the haloalkyl com- 
plexes CpFe(C0)2(CH2),X, these mononuclear complexes have not previously 
been characterized [ 6]_ 

As part of a general study on transition metal haloalkyl complexes, we now 
report on the synthesis of the complexes CpFe(CO)2(CH2),X (n = 3,4 or 5, 
X = Br; n = 3, X = Cl) and demonstrate their ability to act as precursors for 
dinuclear complexes containing polymethylene bridges and for cyclic carbene 
complexes_ 

Results and discussion 

We find that if Na[CpFe(CO), ] is added to an excess of Br(CH,),Br in THF 
at -2O”C, then the 3-bromo-n-propyl complex CpFe(CO),(CH&Br (I) can be 
isolated in high yield from the reaction mixture. Other cr,w-dihaloalkanes react 
under similar conditions to give high yields of the corresponding w-haloalkyl 
compleses 

NaCCpFe(CC)J + X(CH& X THF -200c CpFe(CO),(CH,),,X 

(I) n = 3, X = Br 
(II) n = 4, X = Br 

(III) n = 5, X = Br 
(IV) n = 3, X = Cl 

The reaction of the iron anion with a,w-dihaloalkanes is thus temperature 
dependent_ Similarly, the products from the reaction of cis-3,4dichlorocyclo- 
butene have also been reported to be dependent on reaction temperature 17-J. 
In contrast, we find that the reaction of Na[CpFe(CO)J with l,Zdibromo- 
ethane at -20°C gave an almost quantitative yield of [CpFe(CO),],, as had 
previously been found for this reaction at higher temperatures [4] _ The differ- 
ent types of products obtained in the reactions of Na[CpFe(CO),] [4], 
Na[CpMo(CO),] [S ] and Na[Mn(CO),] [9] with 1,3-dibromopropane can be 
rationalized on the basis of the nucleophilicity of the anion concerned and the 
ease with which the initially formed 3-bromo-n-propyl complex undergoes 
carbonyl insertion or nucleophilic attack at -CH*Br. 

Compound IV was also obtained by the decarbonylation of hexane solutions 
of CpFe(CO)1CO(CH2)&1 on UV irradiation. 

The products I-IV were obtained as reasonably air-stable yellow oils or low- 
melting solids and characterized by elemental analysis, IR and ‘H NMR spectra. 
Also, the mass spectra of these compounds showed parent molecular ions with 
the expected isotope patterns_ 

The o-bromoalkyl complexes react at room temperature with Na[CpFe(CO)J 
to yield the previously reported dim&ear complexes [4,5] 

CpFe(CO)&CH,),Br Nacc~f;eF(co’J+ CpFe(CO),[Er-(CH&lFe(CO)&p 

(n = 3,4 or 5) 
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An attempt to prepare a mixed metal dinuclear complex containing a poly- 
methylene bridge has been reported by the reaction of Na[CpFe(CO)l] with 
CpMo(CO)s(CH&Br [S] ; however, this reaction gave only [CpFe(CO),],- 
[p-(CH,),], presumably a result of the strong nucleophilicity of the iron anion. 
We find that the reaction of CpFe(CO),(CH,),Br with Na[CpMo(CO)s] in reflux- 
ing THF results in the mixed metal dinuclear complex CpFe(CO),[p-(CH,),]- 
Mo(CO)sCp (V) (albeit in low yield). V was isolated as yellow needles and shows 

CpFe(C0)2(CH2)3Br + Na[CpMo(C0)3] --f CpFe(CO)~I~-(CH,)31Mo(CO),C~ 

WI 
two Cp resonances in its ‘H NMR spectrum and five strong v(C0) bands in its 
IR spectrum, in agreement with the proposed structure. 

It has been demonstrated that 3-bromo-n-propyl-metal complexes are useful 
precursors for cyclic carbene complexes, thus CpMo(CO)s(CH&Br reacts readily 
with PPhJ to yield the cyclic carbene complex [C~MO(CO)~(PP~~)COCH~CH&H~]+- 
Br- in high yield [lo]. We find that although CpFe(C0)2(CH,)3Br does not react 
with PPhS in acetonitrile at room temperature over several days, reaction does 
occur on refluxing the solution for about 6 hours and two products are obtained_ 
These were shown to be the cyclic carbene complex [CpFe(CO)(PPh,) 
(COCH,CH,dH,]‘Br- (VI) and the acyl complex [CpFe(CO)(PPh,)CO(CH,),- 
PPh,]‘Br- (VII). The facile reaction of CpMo(C0)3(CH2)3Br with PPh,, relative 
to CpFe(CO)z(CH,)3Br, is presumably a result of the carbonyl insertion reaction 
occurring more readily with the molybdenum complex. 

CpFe(CO),(CH,),Br + PPh, reflux- 
r 

acetonitrile ICpFe(CO)(PPh3)COCH2CH2CH,I+Br- 
I 

[CpFe(CO)(PPh,)CO(CH,),PPh,]*Br- 

VI could not be recrystallized and was not obtained analytically pure; however, 
it was characterized as the corresponding PFB- (VIII) or BPh4- (IX) salts. That 
VI is a precursor of VII was demonstrated by.refluxing VI with PPhJ in aceto- 
nitrile, when VII could be isolated. This type of ring-opening reaction has been 
observed previously on reaction of [CpFe(C0)&OCH2CH&H, 1’ with halide 
anions [ ll]_ 

Experimental 

‘H NMR spectra were recorded on a Perkin-Elmer R12 spectrometer using 
tetramethylsilane as internal standard. IR spectra. were recorded on a Perkin- 
Elmer 180 spectrophotometer. Mass spectra were recorded on an AEI MS30 
spectrometer operating at 70 eV with source temperatures in the range 30- 
70°C; samples were introduced by direct insertion_ Melting points were deter- 
mined on a Kofler hot-stage microscope and are uncorrected. All reactions 
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were carried out under an atmosphere of nitrogen. Tetrahydrofuran and hexane 
were distilled from lithium aluminium hydride under nitrogen. [CpFe(C0)J2 
was prepared from Fe(CO), and reduced to the sodium salt of the anion by 
published procedures [12]. CpFe(C0)&O(CH2)&1 was prepared by the method 
of Game et al. [II] but was further purified by column chromatography using 
Merck alumina (activity II-III) with a 10 cm column. Microanalyses were per- 
formed by F. and E. Pascher, Mikroanalytisches Laboratorium, Bonn, Germany. 
Conductivity measurements were made on ca. 10m3 fi1 solutions in nitrobenzene. 

Preparation of CpFe(CO),(CW,),Br (I) 
A solution of Na[CpFe(CO),] (19.92 mmol) in THF (50 ml) was added drop- 

wise over 20 min to 1,3_dibromopropane (5.94 g, 29.42 mmol) with stirring at 
-20°C. The reaction mixture was stirred for a further 15 min at -2O”C, then 
allowed to warm up to room temperature over 45 min. The solvent was removed 
under reduced pressure and the resulting brown oil was extracted with hexane 

- (4 X 20 ml), filtered and the solvent reduced to a small volume, then chromato- 
graphed_ Elution with hexane gave a yellow band which was concentrated and 
cooled to -78°C to yield yellow needles of I (4.17 g, 70%) m-p. 22-24°C 
(Found: C, 39.96; H, 3.57; Br, 26.74. C,,,H,,BrFeO, calcd.: C, 40.18; H, 3.71; 
Br, 26.73%); v(C0) (cyclohexane) 2Olls, 196Os, 1957(sh) cm-‘; ‘H NMR 
(CDCl,) 6 4.76 (s, 5 H, Csl&), 3.34 (t, 2 H, CH,Br, J(HH) = 7.2 Hz), 1.95 (m, 
2 H, -CH,-), 1.33 ppm (m, 2 H, Fe-CH,). A red band was eluted with hexane- 
diethyl ether and shown to be [CpFe(CO),IZ. 

Preparation of CpFe(CO),(CH,)&- (II) 
This was prepared similarly from Na[CpFe(CO)a] (12.16 mmol) and 1,4-di- 

bromobutane (15.24 mmol) and gave II as a yellow oil (74%) which was further 
purified by molecular distillation (6O”C/lO-* mmHg). (Found: C, 42.58; H, 
4.23; Br, 26.78. C,,H,,BrFe02 calcd.: C, 42.21; H, 4.19; Br, 25.53%); ZJ(CO) 
(cyclohexane) 2009s, 1956s cm -I; ‘H NMR (CDC13) 6 4.77 (s, 5 H, C5HS), 3.45 
(t, 2 H, CHzBr, J(HH) = 6.6 Hz), 1.84,1.49 ppm (m, 6 H, (CH,),). Other minor 
products obtained in this reaction were [CpFe(CO),J, and [CpFe(CO)2]Z- 
I~-W32)41- 

Preparation of CpFe(CO),(CH,)J&- (III) 
This was prepared similarly from Na[CpFe(CO)2] (10.60 mmol) and 1,5-di- 

bromopentane (11.09 mmol) and gave III as a yellow oil (88%). (Found: C, 
44.28; H, 4.60; Br, 25.28. C12HISBrFe02 calcd.: C, 44.08; H, 4.62; Br, 24.44%), 
Y(CO) (cyclohexane) 2009s, 1955s cm- ‘; ‘H NMR (CDCls) 6 4.76 (s, 5 H, 
C5HS) 3.42 (t, 2 H, CH,Br, J(HH) = 6.6 Hz), l-84,1.48 ppm (m, 8 H, (CH&)- 

Preparation of CpFe(CO),(CH,),Cl (IV) 
This was prepared similarly from Na[CpFe(CO)z] (11.34 mmol) and 1,3- 

dichloropropane (13.98 mmol) and gave IV as a yellow oil (82%). (Found: C, 
47.32; H, 4.34; Cl, 13.72. CloH,IClFe02 calcd.: C, 47.20; H, 4.36; Cl, 13.93%), 
v(C0) (cyclohexane) 2012s, 196Os, 1958(sh) cm-l; ‘H NMR (CDCls) 6 4.77 
(s, 5 H, CsHS), 3.45 (t, 2 H, CH,Cl, J(HH) = 6.8 Hz), 1.88 (m, 2 H, -CH2-), 
1.35 ppm (m, 2 H, CH2Fe). IV was also obtained (in 41% yield) on UV irradia- 



tion of a hexane solution of CpFe(CO),CO(CH,),Cl and after chromatography 
to remove any acyl starting material. 

Reaction of CpFe(CO),(CH&Br (I) with Na[CpFe(CO)J 
A solution of Na[CpFe(CO),] (1.95 mmol) in THF (7 ml) was added to a 

solution of I (1.61 mmol) in THF (2 ml) and the reaction mixture allowed to 
stand at room temperature for 18 h. The solvent was removed and the residue 
extracted with dichloromethane (4 X 10 ml). Removal of the solvent and 
recrystallization of the residue from hexane gave [CpFe(CO),]2[fl-(CH2)3] as 
yellow plates (63%) m-p. 104-106°C (Lit. [4] 103-105°C); an IR spectrum of 
this product was identical to that of an authentic sample. 

Reaction of CpFe(CO),(CH&Br (II) with Na[CpFe(CO),] 
Similarly, II and Na[CpFe(CO),] g ave CCpJWC0)412 IP-W-W41 (67%) m-p. 

125-129°C (Lit. [4] 123-124°C). 

Reaction of CpFe(CO),(CH&Br (III) with Na[CpFe(CO)J 
Similarly III and Na[CpFe(CO),] g ave IC@‘e(COLl zb(C&M (44%) m-p. 

82-86°C (Lit. [4] 82-83°C). 

Reaction of I with Na[CpMo(CO),] 
A solution of I (0.37 g, 1.23 mmol) and Na[CpMo(CO)B] (5.58 mmol) in 

THF (24 ml) was allowed to stand at room temperature for 3 h and then 
refluxed for 21 h. The solvent was removed under reduced pressure and the 
residue extracted with dichloromethane (4 X 10 ml), filtered and solvent 
removed. The oily residue was taken up in hexane (15 ml) and chromato- 
graphed. Elution with hexane and subsequent work-up gave a yellow oil of I 
(0.10 g) and a yellow solid (0.102 g, 18%) which was recrystallized from hexane 
to give [CpFe(CO)J [p-(CH,),] [C~MO(CO)~] (V) as yellow needles m-p. 97- 
99°C. (Found: C, 46.58; H, 3.47; 0,17.24. C1SH16FeMo05 calcd.: C, 47.14; 
H, 3.75; 0, 18.30%). Y(CO) (cyclohexane) 2015s, 2004s, 1953(sh), 195Os, 
1935s, 1930(sh), 1927s cm -I; *H NMR (C,H,) 6 4.62 (s, 5 H, Fe-CSHS) 4.17 
(s, 5 H, Mo-CgH5) 1.79 ppm (m, 6 H, (CH,),). 

Reaction of I with triphenylphosphine 
A solution of I (0.52 g, 1.75 mmol) and PPh3 (0.52 g, 1.96 mmol) in aceto- 

nitrile (15 ml) was refluxed for 5 h. The solvent was removed under reduced 
pressure and the resulting yellow oil solidified on addition of ether to give a 
yellow powder. Recrystallization of this powder from methanol-water gave 
[CpFe(CO)(PPh,)CO(CH2)sPPh,]*Br- (VII) as yellow platelets (0.27 g, 19%). 
This product was further purified by recrystallization from dichloromethane- 
ether to give yellow microcrystals, m-p. 188-190°C. (Found: C, 65.86; H, 
5.40; Br, 9.53; P, 7.43. C46H4,BrFe0,P, c&d.: C, 67.09; H, 5.02; Br, 9.70; 
P, 7.52%). Y(CO) (CH,Cl,) 1918s, 1603m(br), 1589(sh) cm-‘; ‘H NMR (CDCl,) 
6 7.82-7.36 (m, 30 H, Ph), 4.46 (d, 5 H, CSHs,J(PH) = 1 Hz), 3.09,2.38,1.32 
ppm (m, (CH&); the equivalent conductance was 25.6 ohm-’ cm’ mol-‘. The 
methanol-water filtrate obtained above was extracted with dichloromethane 
(3 X 20 ml) and the yellow organic layer dried (Na,SO,) filtered and the solvent 
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removed. The resulting yellow oil solidified on addition of ether to give [CpFe- 
(CO)(PPh,)COCH,CH,dH,1’Br- (VI) as a yellow powder (0.28 g, 29%) v(C0) 
(CH,Cl,) 1978 cm-‘; equivalent conductance was 23.9 ohm-’ cm2 mol-‘. VI 
was characterized as the PFs- and BPh4- salts (see below)_ 

Preparation of [CpFe(CO)(PPh3)COCHzCHzCH,] “PF,- (VII..) 
A solution of VI (0.21 g, 0.38 mmol) in a minimum volume of methanol was 

treated with a saturated solution of NH4PF6 (0.11 g, 0.64 mmol) in methanol. 
The yellow precipitate which formed was filtered off and recrystallized from 
clichloromethaue-ether to give VIII as yellow platelets (0.17 g, 71%), m.p. 
223-227°C (decomp.). (Found: C, 53.65; H, 4.04; P, 10.55. C&H,,F,FeO,P, 
calcd.: C, 53.70; H, 4.18; P, 9.89%), v(C0) (CH,CI,) 1980s cm-‘; ‘H NMR 
(CDJCOCD3) 6 7.64 (m, 15 H, Ph), 5.18 (d, 5 H, C5HS, J(PH) = 1.8 Hz), 4.69 
(t, 2 H, 0CH2, J(HH) = 8 Hz), 3.54 (t, 2 H, CCH,, J(HH) = 8 Hz), 1.69 ppm 
(q, 2 H, -CH,-, J(HH) = 8 Hz); the equivalent conductance was 26.3 ohm-’ 
cm2 mol- ’ . 

Preparation of [CpFe(CO)(PPh&OCN,CH,CW,] +BPh4- (IX) 
Similarly, a solution of VI (0.24 mmol) in methanol was treated with NaBPh, 

(0.24 mmol) in methanol to give an immediate precipitate. Recrystallization of 
this product from dichloromethaneether gave IX as yellow needles (44%), m-p. 
182-185°C. (Found: C, 77.41; H, 5.93; P, 3.88. C52H46BFeOZP c&d.: C, 78.01; 
H, 5.79; P, 3.87%); Y(CO) (CH,Cl,) 1982s cm -I‘; ‘H NMR (CDJCOCDB) 6 7.64- 
6.87 (m, 35 H, Ph), 5.14 (d, 5 H, C5H5, J(PH) = 1.5 Hz), 4.63 (br, 2 H), 3.47 (t, 
2 H, CCH2, J(HH) = 8 Hz), 1.47 ppm (q, 2 H, -CH,-, J(HH) = 8 Hz); the equiv- 
alent conductance was 21.0 ohm-’ cm2 mol-‘. 

Reaction of VI with triphenylphosphine 
A solution of VI (0.15 g, 0.26 mmol) in acetonitrile (10 ml) was treated with 

PPhJ (0.09 g, 0.34 mmol) ami the solution refluxed for 6 h. Subsequent work 
up gave a light-brown solid which showed v(C0) bands of VI and VII. Recrystal- 
lization of this solid from methanol-water and then from dichloromethane-ether 
gave yellow microprisms (0.033 g) whose IR spectrum was identical to that of 
an authentic sample of VII. 
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