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ABSTRACT  

The fulvene complex (η6-C5Me4CH2 )Re(CO)2(C6F5) 1a reacts with alkyl 
phosphines to yield the zwitterionic species (η5-C5Me4CH2 
PR3)Re(CO)2(C6F 5) 2 (R = Me, Et, iPr). Reaction of the analogous iodo 
complex (η6-C5Me4CH2 )Re(CO)2I, 1b, with PMe3 and PEt3 affords the 
cationic species [(η5-C5Me4CH2 (PR3))Re(CO)2(PR3)] + I- 3 (R = Me, Et). 
However, reaction of 1b with Pi Pr3 yields the zwitterion (η5-C5Me4CH2 
PiPr3)Re(CO)2 (I) 4. Trimethyl phosphite reacts with both 1a and 1b to 
afford the phosphonate complexes (η5-C5Me4CH2 
P(O)(OMe)2)Re(CO)2(P(OMe) 3) 5a and trans-(η5C5Me4 
CH2P(O)(OMe)2)Re(CO)2 (C6F5)(Me) 5b respectively. The complex [(η5-
C5Me4CH2 (PMe3))Re(CO)2(PMe3 )]+ I- 3a has been characterized by X-
ray structural analysis.  

Keywords: fulvene complexes, functionalized cyclopentadienyl 
complexes. 
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INTRODUCTION  

Functionalized cyclopentadienyl complexes of transition metals have 
attracted significant interest in recent years.1-4 Most of the work in this 
area has been focused on monosubstituted derivatives of the type 
C5H4R-, where R is a pendant arm which may or may not contain a 
functional group. However, there is also an increasing interest on metal 
complexes containing functionalized tetramethylcyclopentadienyl 
ligands C5Me4R-.5 The classical synthetic approach for the preparation of 
the C5H4R- or C5Me4R- metal derivatives involves the previous synthesis 
of the target ligand. In some cases, fulvenes have been used as 
precursors to substituted cylopentadienyl ligands and their metal 
complexes;6-8 for example, through reductive coupling of fulvenes, 
ethylene bridged dicyclopentadienyls ligands have been synthesized for 
the preparation of ansa-metallocene complexes.6 An alternative route to 
functionalized cyclopentadienyl transition metal compounds can be 
achieved by using coordinated fulvene to a metal center in an η6fashion, 
(η6-C5R4CR'2 )MLn (R = H, Me; R' = H, alkyl or phenyl).9-12 In such 
species, the exocyclic methylene carbon reacts with electrophiles or 
nucleophiles, depending on the nature of the bonding of the coordinated 
fulvene to the metal, allowing the conversion of a formal fulvene ligand 
into a cyclopentadienyl ligand, as well as the introduction of organic 
functionalities. Maitlis has extensively explored this approach with the 
complex {(η6-C5Me4CH2 )RuCl2}2.12  

In previous publications, we have demonstrated that the rhenium 
tetramethylfulvene complexes (η6-C5Me4CH2 )Re(CO)2R (R = Cl, Br, I, 
C6F5) are convenient starting materials for the preparation of a series of 
tetramethylcyclopentadienyl complexes. For instance, (η6-C5Me4CH2 
)Re(CO)2(C6F5) reacts with both electrophiles (HX, X = Cl, Br, I) and 
nucleophiles (MeO-, PMe3) to yield (η5-C5Me5)Re(CO) 2(C6F5)X, [(η5-
C5Me4CH2 OMe)Re(CO)2(C6F5)] - and the zwitterionic species (η5-
C5Me4CH2 PMe3)Re(CO)2(C6F 5), respectively.13 On the other hand, the 
tetramethylfulvene complexes (η6- C5Me4CH2 )Re(CO)2X (X = Cl, Br, I) 
react with hydrogen halides (HX') to form the mixed-halide complexes 
cis-(η5-C5Me5 )Re(CO)2XX' (X X').14 Very recently, we have shown that 
the reactions of (η6-C5Me4CH2 )Re(CO)2R (R = I, C6F5) with nucleophiles 
bearing alkenyl and thio groups, followed by protonation, yield hydride 
compounds trans-(η5-C5Me4 CH2L)Re(CO)2(R)(H) (L = -CH2CH=CH2, 2-
C4H3S), which can be used to produce novel chelated 
tetramethylcyclopentadienyl rhenium complexes.15  

In this work we report the reactions of the fulvene complexes (η6-
C5Me4CH2 )Re(CO)2R (1, R = C6F5, I) with several alkylphosphines, 
resulting in different products according to the nature of ligand R 
bonded to rhenium. For R = C6F5, the zwitterionic species (η5-C5Me4CH2 
PR3)Re(CO)2(C6F 5) 2 are formed, whereas for R = I cationic complexes 
[(η5-C5Me4CH2 PR3)Re(CO)2(PR3)] +I- 3 are produced. In addition, we 
show that the reactions with trimethylphosphite involve a Michaelis-
Arbuzov rearrangement, and again different products are formed 
according to the nature of R.  

EXPERIMENTAL  
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General Methods 

All reactions were carried out using standard Schlenk techniques under 
dinitrogen. All solvents were purified and dried by conventional 
methods, and distilled under nitrogen prior to use. Trimethyphosphine, 
triethylphosphine and trimethylphosphite (Aldrich) were used as 
received. Triisopropyl phosphine was prepared according to literature.16 
The fulvene complexes [(η6-C5Me4CH2 )Re(CO)2(C6F5)] 1a and [(η6-
C5Me4CH2 )Re(CO)2I] 1b were prepared according to known 
procedures.13,14 The compound (η5-C5Me4CH2 PMe3)Re(CO)2(C6F 5) 2a 
has been reported previously.13 Infrared spectra were recorded in 
solution (CaF2 cell) on a Perkin-Elmer FT-1605 spectrophotometer. 1H 
and 13C NMR spectra were recorded on a Bruker AC 400 instrument. All 
1H NMR chemical shifts were referenced using the chemical shifts of 
residual solvent resonances. 13C NMR chemical shifts were referenced to 
solvent peaks. Coupling assignments are indicated, where known. Mass 
spectra were recorded on GCMS-QP5050A Shimadzu instrument or a VG 
Autospec double-focussing mass spectrometer operating in the FAB+ 
mode. Ions were produced with the standard Cs+ gun at about 30 kV 
and 3-nitrobenzyl alcohol (NBA) was used as matrix.  

Preparations  

(η5-C5 Me4CH2PEt3)Re(CO) 2(C6F5) 2b. To a solution of (η6-C5Me4CH2 
)Re(CO)2(C6F5) 1a (100 mg, 0.184 mmol) in THF (15 mL) was added a 
1.0 M PEt3 solution in THF (0.2 mL, 0.2 mmol). After 5 minutes of 
stirring at room temperature, a white solid was formed. An IR spectrum 
of the solution showed the disappearance of the starting complex. 
Solvent was removed under vacuum, and the solid washed twice with 
diethyl ether (5 mL). 2b was crystallized from acetonitrile/diethyl ether. 
Yield: 106 mg, 87 %. IR (CH3CN, n(CO), cm-1): 1868 (s), 1795 (s). 1H-
NMR (CD3CN) δ : 1.14 (dt, 9H, 2JPH = 17.8 Hz, 2JHH = 7.6 Hz, Re-PEt3), 
1.96 (s, 6H, C5Me4CH2), 2.00 (s, 6H, C5Me4CH2), 2.11 (m, 6 H, Re-
PEt3), 3.34 (d, 2JPH = 10.6 Hz, 2H, C5Me4CH2). 13C{1H}-NMR (CD3CN) δ: 
5.28 (d, JPC = 5.9 Hz, CH2P(CH2CH3 )3), 10.65 (s, C5Me4), 12.00 (s, 
C5Me4), 12.17 (d, JPC = 48 Hz, CH2P(CH2CH3 )3), 19.14 (d, JPC = 42 Hz, 
CH2PEt3), 82.00 (s, Cipso, C5Me4), 95.69 (s, C5Me4), 96.42 (s, C5Me4), 
210.69 (s, CO). 19F-NMR (CD3CN) δ : -103.70 (m, 2Fortho), -165.91 (t, 
JFF = 21 Hz, Fpara), -166.41 (m, 2Fmeta). 31P{1H}-NMR (CD3CN) δ : 48.58 
(s, CH2PEt3).  

(η5-C5 Me4CH2PP

iPr )Re(CO) (C F  ) 3 2 6 5
 2c. This complex was prepared 

in a similar manner to 2b, from 1a (100 mg, 0.184 mmol) and a 1.0 M 
PiPr  solution in THF (0.37 mL, 0.37 mmol). 2c was isolated as pale 
yelow crystals. Yield: 81 mg, 63 %. IR (CH CN, n(CO), cm

3

3
-1): 1870 (s), 

1798 (s). 1H-NMR (CD CN) δ : 1.38 (dd, 18H,3
 3J  = 15.6 Hz, PH

3J  = 7.2 
Hz, C Me CH P

HH

5 4 2
i Pr3), 2.02 (s, 6H, C5Me4CH ), 2.12 (s, 6H, C2 5Me4CH ), 

2.74 (m, 3H, C Me CH Pi
2

5 4 2 P  Pr3), 3.44 (d, 2H, 2JPH = 9.0 Hz, C5Me4CH2). 
13C-NMR (CD3CN) δ: sample decomposed over the acquisition period. 
19F-NMR (CD3CN) δ : -111.63 (m, 2Fortho), -173.68 (tt, JFF = 21; 2.7 Hz, 
Fpara), -174.28 (m, 2Fmeta). 31P{1H}-NMR δ: 38.88 (s, CH2 PiPr3). Mass 
spectrum-FAB (based on 187Re) m/z : 704 (M+), 544 (M+ - PiPr3).  

[(η5-C5 Me4CH2PMe3)Re(CO) 2(PMe3)]+ I- 3a. To a solution of (h6-
C5Me4CH2 )Re(CO)2I 1b (100 mg, 0.199 mmol) in THF (15 mL) was 
added a 1.0 M PMe3 solution in THF (0.4 mL, 0.4 mmol). The mixture 

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-97072004000300008&lng=es&nrm=iso&tlng=en#16#16
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was stirred at 0 C for 5 min. A white solid was formed. An IR spectrum 
of the solution showed the total disappearance of the complex 1b (2000 
(s) and 1929 (s) cm-1) and the presence of new CO absorptions bands 
due to 3a at 1909 (s) and 1840 (s) cm-1. The solvent was removed 
under vacuum and the solid washed twice with 5 mL of diethyl ether. 
The solid was crystallized from MeCN/Et2O at 10 C to give white crystals 
of 3a. Yield: 126 mg, 97 %. IR [CH3CN, n(CO), cm-1]: 1911 (s), 1842 
(s). 1H-NMR (CD3CN) δ : 1.58 (d, 9H, 2JPH = 9.5 Hz), 1.78 (d, 2JPH = 
14.3 Hz, 9H, PMe3), 2.1 (s, 6H, C5Me4CH2PMe 3), 2.15 (s, 6H, 
C5Me4CH2PMe 3), 3.49 (d, 2JPH = 13 Hz, 2H, C5Me4CH2PMe 3). 13C{1H}-
RMN (CD3CN) δ : 6.22 (d, JCP = 53 Hz, CH2PMe3), 8.76 (C5Me4), 10.14 
(C5Me4), 19.56 (d, JCP = 36 Hz, Re-PMe3), 20.80 (d, JPC = 48 Hz, 
CH2PMe3), 84.21 (Cipso-C5Me4 ), 95.62 (C5Me4), 96.84 (C5Me4), 95.62 (d, 
JPC = 2.3 Hz, C5Me4), 204.42 (d, JPC = 8.4 Hz, CO). 31P-NMR (CD3CN) δ 
: -18.41 (s, Re-PMe3), 41.86 (s, CH2PMe3). Mass spectrum-FAB (based 
on 187Re): m/z 529 [M+], 453 [M+ - CO ].  

[(η5-C5 Me4CH2PEt3)Re(CO) 2(PEt3)]+ I- 3b. This complex was 
prepared in a similar manner to 3a, from complex 1b (100 mg, 0.199 
mmol) and a 1.0 M PEt3 solution in THF (0.40 mL, 0.40 mmol). 3b was 
isolated as tan crystals. Yield: 112 mg, 92 %. IR (CH3CN, n(CO), cm-1): 
1912 (s), 1846 (s). 1H-NMR (CD3CN) δ: 0.92 (dt, 9H, 2JPH 15.8 Hz, 2JHH 
= 7.6 Hz, Re-PEt3), 1.17 (dt, 9H, 2JPH = 18 Hz, 2JHH = 7.6 Hz, CH2-PEt3), 
1.72 (m, 6 H, Re-PEt3), 2.05 (s, 6H, C5Me4CH2), 2.19 (s, 6H, 
C5Me4CH2), 2.26 (m, 6 H, Re-PEt3), 3.48 (d, 2JPH = 11.9 Hz, 2H, 
C5Me4CH2). 13C{1H}-NMR (CD3CN) δ : 5.05 (d, JPC = 5.7 Hz, 
CH2P(CH2CH3 )3); 7.50 (d, JPC = 2.0 Hz, Re-P(CH2CH3)3 ), 10.19 (s, 
C5Me4), 11.79 (s, C5Me4), 12.01 (d, JPC = 47 Hz, CH2P(CH2CH3 )3), 
18.58 (d, JPC = 43 Hz, CH2PEt3 ), 21.01 (d, JPC = 33 Hz, Re-P(Et)3), 
85.62 (s, Cipso, C5Me4), 96.12 (s, C5Me4), 97.98 (s, C5Me4), 206.04 (d, 
JPC = 8.1 Hz, CO). 31P{1H}-NMR (CD3CN) δ : 21.98 (s, Re-PEt3), 41.19 
(s, CH2PMe3). Mass spectrum-FAB (based on 187Re): m/z 613 [M+], 495 
[M+ - PEt3], 337 [M+ - 2 PEt3].  

(η5-C5 Me4CH2PP

iPr )Re(CO) (I) 4. To a solution of 1b (80 mg, 0.159 
mmol) in THF (15 mL) at 0 C was added a 1.0 M solution of P

 3 2
iPr  in THF 

(0.30 mL, 0.30 mmol). After 5 minutes of stirring a light brown solid 
was formed. An IR spectrum of the supernatant showed the 
disappearance of the CO absorption bands due to 1b. Solvent was 
removed under vacuum and the residue washed twice with diethyl 
ether. The zwitterionic complex was isolated as pale yellow crystals 
after crystallization from acetonitrile/diethyl ether. Yield: 62 mg, 59 %. 
IR (CH CN, n(CO), cm

3

3
-1): 1878 (s), 1806 (s). 1H-NMR (acetone-d ) δ : 

1.59 (dd, 18 H,
6

 3J  = 15.6 , PH
3J  = 6.9 Hz, C Me CH Pi

HH 5 4 2 P  Pr3), 2.10 (s, 
6H, C5Me4CH2P iPr3), 2.28 (s, 6H, C5Me4CH2PP

 iPr ), 3.04 (m, 3H, 
C Me CH P

3

5 4 2
i Pr3). 3.53 (d, 2H, 2J  = 9.0 Hz, C Me CPH 5 4 H2P i

P Pr3). 13C{1H}-
NMR: sample decomposed over the acquisition period. 31P{1H}-NMR 
(acetone-d6) δ: 42.35 (s, CH2, PiPr3). Mass spectrum-FAB (based on 
187Re) m/z : 664 (M+), 504 (M+ - PiPr3).  

trans-(η5C5Me 4CH2P(O)(OMe2))Re(CO) 2(C6F5)(Me) 5a. To a 
solution of complex 1b (100 mg, 0.184 mmol) in THF (15 mL) was 
added P(OMe)3 (0.10 mL, 0.85 mmol). After 24 h of stirring at room 
temperature the IR spectrum of the mixture showed the disappearance 
of the CO absorptions due to the starting complex and two new bands 
at 2013 (s) and 1942 (vs) cm-1 were observed. The reddish oily solid 



obtained after evaporation of THF was extracted with hexanes (3 x 10 
mL), the resulting solution dried over anhydrous Na2SO4 and filtered 
through Celite. The solvent was pumped off to afford 5a as a pale light-
brown solid. Yield: 11 mg, 9.0 %. IR [hexanes, n(CO), cm-1]: 2021 (s), 
1954 (vs). 1H-NMR (CDCl3) δ: 0.82 (s, Re-Me), 1.78 (s, 6H, C5Me4), 
1.79 (s, 6H, C5Me4), 2.57 (d, 2JPH = 19.4 Hz, 2H, CH2), 3.72 (d, 2H, 2JPH 
= 10.9 Hz, (OMe)2). 13C{1H}-NMR (CDCl3) δ: -16.08 (s, Re-Me), 9.64 
(s, C5Me4), 9.93 (s, C5Me4), 22.65 (d, JPC = 140 Hz, CH2P(O)(OMe)2), 
52.64 (d, 2JPC = 6.9 Hz, P(O)(OMe)2), 92.95 (C5Me4), 101.22 (C5Me4), 
101.54 (C5Me4), 195.53 (s, CO). 31P{1H}-NMR δ: 28.4 (s, P(O)(OMe)2). 
Mass spectrum-EI, (based on 187Re) m/z : 668 (M+), 640 (M+ - CO), 610 
(M+- 2CO- 2H).  

(η5-C5Me4CH 2P(O)(OMe)2)Re(CO)2(P(OMe) 3) 5b. To a solution of 
complex 1b (100 mg; 0.199 mmol) in THF (15 mL) was added P(OMe)3 
(0.10 mL, 0.85 mmol). After 12 hrs of stirring at room temperature the 
IR spectrum of the mixture showed, in addition to the absorptions due 
to the starting complex, two new bands at 2016 (s) and 1947 (vs) cm-1 
assigned to the intermediate rhenium(III) phosphonate trans-(η5-C5Me4 
CH2P(O)(OMe)2)Re(CO)2 (I)(Me). After 24 h of stirring, there is no 
absorptions due to the starting material, and new CO absorption bands 
are observed at 1928 and 1860 cm-1. The reddish oily solid obtained 
after evaporation of THF was extracted with hexanes (3 x 10 mL), the 
resulting solution dried over anhydrous Na2SO4 and filtered through 
Celite. The solvent was pumped off to afford 5b as a reddish solid. Yield 
: 5 mg, 4 %. IR [hexanes, n(CO), cm-1]: 1939 (s), 1874 (s). 1H-NMR 
(CDCl3) δ: 2.08 (s, 6H, C5Me4CH2), 2.09 (s, 6H, C5Me4CH2), 2.96 (d, 2JPH 
= 18.2 Hz, 2H, CH2), 3.51 (d, 2H, 2JPH = 12.1 Hz, P(OMe)3), 3.72 (d, 
2H, 2JPH = 9.4 Hz, (OMe)2). 13C{1H}-NMR (CDCl3) δ: 10.68 (s, C5Me4), 
10.80 (s, C5Me4), 23.74 (d, JPC = 140 Hz, CH2); 51.78 (d, 2JPC = 2.7 Hz, 
P(OMe)3), 52.58 (d, 2JPC = 6.9 Hz, P(O)(OMe)2), 89.23 (C5Me4), 97.36 
(C5Me4), 98.13 (C5Me4), 203.27 (d, JPC = 13 Hz, CO). 31P{1H}-NMR δ: 
28.8 (s, P(O)(OMe)2), 139.6 (s, P(OMe)3).  

X-Ray Structure of [(η5-C5Me4CH 2PMe3)Re(CO)2(PMe3 )]+ I- 3a.  

Crystals of 3a suitable for X-ray diffraction studies were obtained by 
recrystallization from CH3CN/diethyl ether solution at room temperature 
by slow cooling to 18 °C. A summary of crystal data, data collection, 
and refinement parameters for the structural analysis is given in Table 
1. A crystal was glued to a glass fibre and mounted on Bruker SMART 
APEX diffractometer, equipped with a CCD area detector. Data were 
collected using graphite-monochromated MoK  radiation (λ= 0.71073 
Å) and low-temperature equipment (123 K). Data were measured 
through the use of CCD recording of ω rotation frames (0.3 each). All 
data were corrected for Lorentz and polarization effects. Absorption 
corrections were applied using the SADABS routine.17 Both data were 
integrated with the Bruker SAINTPLUS program.18  

Structure of 3a was solved by Patterson, completed by difference 
Fourier techniques and refined by full-matrix least-squares on F2 
(SHELXL-97)19 with initial isotropic, but subsequent anisotropic thermal 
parameters. Hydrogens in 3a were included in calculated positions and 
refined riding on carbon atoms with free isotropic displacement 
parameters. Atomic scattering factors were used as implemented in the 

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-97072004000300008&lng=es&nrm=iso&tlng=en#t1#t1
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RESULTS AND DISCUSSION  

1. Reactions of Tetramethylfulvene Complexes (η6-C5Me4CH 

2)Re(CO)2X (X = C6F5, I) with Alkyl Phosphines.  

Both tetramethylfulvene complexes (η6-C5Me4CH2 )Re(CO)2(C6F5) 1a 
and (η6-C5Me4CH2 )Re(CO)2I 1b react with different phosphines at the 
exocyclic methylene carbon, as shown in Scheme 1. For the 
pentafluorophenyl complex 1a, the reaction with triethylphosphine or 
triisopropylphosphine resulted in the formation of the zwitterionic 
species (η5-C5Me4CH2 PR3)Re(CO)2(C6F 5) 2b-c, isolated as white solids 
in good yields. An analogous product has been previously described for 
the reaction of 1a with trimethylphosphine.13 Complexes 2b-c exhibit 
characteristic low frequency CO absorption bands in their infrared 
spectra, at 1870 and 1796 cm-1, consistent with the formal negative 
charge on the metal centre. In the 1H-NMR spectra of 2b-c, the 
methylene resonance appears δ 3.34 and 3.44 in CD3CN, respectively, 
as doublets due to coupling to phosphorous. The proton decoupled 31P-
NMR spectra of both compounds exhibit the expected singlet for the 
phosphorus nuclei, confirming the presence of the phosphonium group. 
The presence of the C6F5 ligand in these compounds was clearly inferred 
from the typical three resonance pattern observed in the 19F-NMR 
spectra. In addition, complex 3b was also studied by X-ray 
crystallography (vide infra).  

 

Scheme 1. Reactions of tetramethylfulvene rhenium complexes with 
alkylphosphines.  

When 1a was reacted with triphenylphospine, a very slow 
transformation was observed; at intermediate stages, an infrared 
spectrum of the reaction mixture showed absorptions consistent with 
the formation of a zwitterionic species, indicating that attack at the exo 

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-97072004000300008&lng=es&nrm=iso&tlng=en#19#19
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methylene carbon occurred; however, a mixture of products resulted 
from the work-up of the reaction mixture, and the target species could 
not be isolated. On the other hand, reaction of 1a with 
tricyclohexylphosphine also resulted in a complex mixture of products.  

Compared to 1a, complex 1b exhibited a more complex chemistry 
when reacted with alkylphosphines. As shown in Scheme 1, trimethyl 
and triethyl phosphine not only attack the methylene carbon, but also a 
substitution reaction of the iodo bound to the rhenium centre occurs, 
resulting in the formation of the metal phosphine phosphonium 
derivatives 3a-b in almost quantitative yields. Even when equimolar 
amounts of 1b and the corresponding phosphine were used, 3a-b were 
the only products formed, and half of the starting rhenium complex 
remained unreacted. The presence of rhenium-coordinated phosphine in 
these compounds was deduced from the patterns for the carbonyl 
groups resonance in the 13C{1H}-NMR spectra, which appeared as 
doublets at δ 204.42 (3a) and 206.04 (3b), with JPC equal to 8 Hz. 
Furthermore, the proton decoupled 31P-NMR spectra showed two 
singlets, corresponding to the phosphonium group (low field resonance) 
and the phosphine bound to rhenium (high field resonance).  

The reaction of 1b with PP

iPr  proceeded in analogous fashion to that 
described for the reactions of 1a with phosphines, that is, the 
phosphine attacked only at the exocyclic carbon, producing the 
zwitterionic compound 4, as shown below. 

3

 

The formation of 4 clearly points toward the intermediacy of the 
corresponding zwitterionic species in the reactions of 1b with PMe3 and 
PEt3. Therefore, it is probable that in those cases the formal negative 
charge on the metal in the zwitterionic intermediate favors the loss of 
iodide (a good leaving anion), affording an unsaturated 16-electron 
species, which quickly coordinates another molecule of phosphine to 
produce complexes 3a-b. In the case of bulky PiPr3, which has a cone 
angle of 160° (v/s 118° and 132° for PMe3 and PEt3, respectively), a 
steric factor could be responsible for the stability of the zwitterionic 
compound 4.  

2. X-Ray Structure of [(η5-C5Me4CH 2PMe3)Re(CO)2(PMe3 )]+ I- 

3a.  

Despite a considerable number of dicarbonylcyclopentadienyl rhenium 
complexes, possessing a three-legged piano-stool type of structure, has 
been described in the literature, crystallographic information is still 
scarce. In particular, complexes containing a lateral chain on the 
cyclopentadienyl group are relatively unusual. With the aim of providing 
typical metrical data for this type of compounds, the X-ray structure 



analysis of 3a was conducted. Table 1 provides a listing of the crystal 
structure and refinement data. Selected bond lengths and angles are 
shown in Table 2. An ORTEP diagram is shown in Figure 1. 
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Fig.1. ORTEP diagram (50% thermal ellipsoids) corresponding to (η5-
C5Me4CH2 PMe3)Re(CO)2(PMe3) +I-, 3a.  

The molecular structure of 3a shows the rhenium atom is six-
coordinated, assuming the (η5-C5Me4CH2 PMe3)- acts a a three-
coordinated ligand. The average Re-C(Cp) and Re-CO bond lengths are 
those typical for other three legged piano-stool complexes of 
rhenium.15,20 The Re-P bond length is close to other trimethylphospine 
complexes of rhenium.15,21 The angle C(Cp)-CH2-PMe3 is 113.9°, similar 
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to that reported for the complexes [(η5-C5H4PPh3 )Ru(η5-C5H5)] + 
(112.1°),22 (η5-C5Me4PMe2 )2Fe (112°),23 and [(η5-C5Me4CH2 (2-
C4H3S))Re(CO)2 PMe3.15  

3. Reaction of Tetramethylfulvene Complexes (η6-C5Me4CH 

2)Re(CO)2X (X = I, C6F5) with Trimethylphosphite.  

The reactions of the fulvene complexes 1a and 1b with an excess of 
trimethyl phosphite proceeded in a different way to those described 
with phosphines, and again distinct products are obtained depending on 
the group X attached to rhenium. As shown in Scheme 2, the reaction 
of the pentafluorophenyl complex 1a afforded the phosphonate complex 
trans-(η5-C5Me4 CH2P(O)(OMe)2)Re(CO)2 (C6F5)(Me) 5a, whereas in the 
case of the iodo complex 1b, the metal phosphitephosphonate 
compound (η5-C5Me4CH2 P(O)(OMe)2)Re(CO)2(P(OMe) 3) 5b was 
formed. Both reactions gave a low yield of these compounds, which can 
be explained in some extent on the basis of the slow kinetics of the 
reactions due to the low nucleophilicity of trimethylphosphite. 

 

Scheme 2. Reactions of tetramethylfulvene rhenium complexes with 
trimethylphosphite.  

Compounds 5a-b were isolated as cream colored solids, and their 
solution IR spectra represent the first criteria to establish a different 
outcome for these reactions. Frequencies for the CO absorption bands 
in hexane solution of these compounds occur at 2021 and 1954 cm-1 
(5a), and 1939 and 1874 cm-1 (5b), a result consistent with the CO 
absorption frequencies observed in related rhenium complexes with the 
same coordination pattern: trans-(η5-C5Me4 (CH2CH2CH=CH2))Re(CO) 

2(C6F5)(Me),15 and (η5-C5Me5)Re(CO) 2(P(OMe)3).24 Although it was not 
possible to get analytically pure samples, compounds 5a-b show 
satisfactory 1H, 13C and 31P-NMR spectra. The presence of the 
phosphonate group in both compounds is strongly supported by the 13C-
NMR spectra, which showed the methylene carbon resonance at δ ~23 
as a characteristic doublet with a large coupling to phosphorus(V) (JPC = 
140 Hz).25 The 31P-NMR spectra of 5a-b showed the phosphonate group 
at δ ~28, and the coordinated phosphite in 5b at δ 139.6, close to the 
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value reported for (h5-C5Me5)Re(CO) 2(P(OMe)3) (δ 142.6).24 

The formation of complexes 5a-b can be understood by assuming that 
in both cases, the first setp of the reaction involves attack of the 
phosphite to the methylene carbon of 1a-b, leading to the the 
zwitterionic species (η5-C5Me4CH2 P(OMe)3)Re(CO)2R (R = C6F5, I), 
similarly to that observed for the reaction of 1a-b with trimethyl- or 
triethylphosphine. These intermediate species, which were not 
observed, even by carefully IR monitoring of the reaction mixture, could 
further react to yield the observed products, which again depend on the 
nature of ligand R bound to rhenium. In the case of R = C6F5, 
transformation of the trimethoxyphosphonium group into a 
phosphonate is not surprising, since it corresponds to a Michaelis-
Arbuzov-like dealkylation reaction,26 where the nucleophilic metal 
center attacks at the carbon of one of the methyls of the phosphonium 
side arm in the intermediate, to yield the neutral complex 5a.  

An additional step to that proposed above can be envisaged for the 
formation of complex 5b. This should involve a reductive elimination of 
MeI from the intermediate rhenium(III) phosphonate "(η5-C5Me4CH 

2PO(OMe)2)Re(CO)2(Me)(I)" and coordination of P(OMe)3 to the 
resulting 16-electron fragment [(η5-C5Me4CH2 PO(OMe)2)Re(CO)2].  

It is clear that more experimental evidences are required to establish 
the mechanism for these reactions, but the low yield of the products 
preclude us by now, to study these reactions in more detail.  
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