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b UMR 6626 CNRS-Université de Rennes 1, Groupe Matières Condensées et Matériaux, Campus de Beaulieu, F-35042 Rennes Cedex, France
c Department of Chemistry, University of Oslo, P.O. Box 1033, Blindern, N-0315 Oslo, Norway

Received 25 November 2002; received in revised form 7 January 2003; accepted 7 January 2003

Abstract

The one-step synthesis of the known acetyl complex k3-TpFe(CO)(PMe3)(COMe) (1, 78% yield) is achieved by reaction of

cis ,trans -Fe(CO)2(PMe3)2MeI with potassium hydrotris(pyrazolyl)borate (KTp), in CH2Cl2 at room temperature. This reaction is

specific to the parent Tp ligand. Visible light irradiation of 1 in toluene for 1 h afforded the first octahedral methyl�/iron complex

featuring the hydrotris(pyrazolyl)borate ligand TpFe(CO)(PMe3)Me (2) in 80% yield. Compound 2 has been fully characterized by

elemental analysis, IR, NMR spectroscopies, cyclic voltammetry and by an X-ray diffraction analysis. A comparison of steric and

electronic properties is made with those of related cyclopentadienyl (Cp, Cp*, C5Ph5) complexes, and suggests that relative donating

abilities follow the trend Cp, Cp*, C5Ph5�/Tp, and structural comparisons indicate that Tp is the most sterically demanding ligand.
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1. Introduction

Hydrotris(1-pyrazolyl)borate (Tp�) ligands have of-

ten been cited as analogues to cyclopentadienyl (Cp�)

ligands, in that they both typically adopt a facial

coordination mode, and act as six-electron donors

[1,2]. Nevertheless, the chemistry of the Tp ligand

system is not at all as far developed as that of the Cp

system. Owing to the differences in size [3] and electronic

properties [4], in many cases, unexpected structures and

reactivity are observed for these two classes of com-

plexes [5�/8]. In particular, organometallic complexes of

the type TpFeL2X still remain scarce, in stark contrast

to the abundance of complexes with the CpFeL2X motif

(Cp�/substituted or unsubstituted Cp; L�/2-electron

neutral donor; X�/2-electron anionic donor) [9]. The

known species are mainly acyl-carbonyl compounds

TpFe(CO)(L)(COR) (L�/CO, PMe3; R�/alkyl or allyl

groups). The structurally characterized parent acetyl

complex TpFe(CO)2(COMe) reportedly forms in 8%

yield from the reaction of KTp with Fe2(CO)9 and

methyl iodide [10]. The related derivatives cis -

TpFe(CO)2(COCH�/CHMe) [11], TpFe(CO)2(CO-

C6H3Me2-2,6) [12] and TpFe(CO)(PMe3)(COMe) [13]

were synthesized from octahedral Fe(II) precursors that

were already bearing a s-Fe�/C bond. A third synthetic

pathway was reported by Akita and co-workers with the

carbonylation of a series of tetrahedral, highly coordi-

natively unsaturated 14-electron hydrocarbyl complexes

Tpi Pr2Fe�/R, leading to diamagnetic acyl�/carbonyl

species Tpi Pr2Fe(CO)2(COR) (R�/C2H5, C3H5, p-

CH2C6H4Me, CCPh), [14]. Surprisingly, only three

octahedral dicarbonyl complexes with s-Fe�/C bonds,

namely TpFe(CO)2C3F7 [15], trans -TpFe(CO)2(CH�/

CHMe) [11], and the unusual ferraoxetene complex

TpFe(�/C(NiPr2)OCF2)CO) [16], have been isolated.

The trans -vinyl complex resulted from a thermal de-

carbonylation of its cis -propenyl precursor. The cyclo-

metallated derivative resulted from a coupling of

carbamoyl and difluorocarbene ligands, and has been

crystallographically characterized [16]. Moreover, the
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formation of the transient parent methyl derivative

TpFe(CO)2Me has also been briefly described [17]. In

this context, we report here on the high-yield prepara-

tion and isolation of the first octahedral iron�/methyl
complex bearing a hydrotris(pyrazolyl)borato ligand

formulated as TpFe(CO)(PMe3)Me, the analytical and

spectroscopic characterization (IR, 1H, 13C and 31P-

NMR, cyclic voltammetry) of this chiral molecule, and

its X-ray crystal structure. A comparison of the proper-

ties of this Fe complex to those based on the analogous

CpFe, Cp*Fe and (C5Ph5)Fe fragments indicates that

the Tp ligand is less electron donating toward iron than
the Cp, Cp* and C5Ph5 counterparts for this particular

half-sandwich series.

2. Results and discussion

2.1. Preparation of TpFe(CO)(PMe3)(COMe) (1)

The reaction of cis ,trans -Fe(CO)2(PMe3)2MeI [18]

with potassium hydrotris(pyrazolyl)borate (KTp) in
CH2Cl2 at room temperature cleanly afforded the

known acetyl complexe k3-TpFe(CO)(PMe3)(COMe)

(1) [13] in 78% yield (Scheme 1).

The k3-coordination mode is supported by the singlet

resonance at d 28.4 in the 31P{1H} NMR spectrum

(CD2Cl2) of 1. The analogous bis(phosphine) complex

TpFe(CO)(PMe3)2(COMe) with a k2-Tp ligand has been

shown to exhibit a 31P-NMR spectrum with a typical
AB spin system [13]. Unfortunately, the n (B�/H) vibra-

tion in the infrared spectrum (toluene) was difficult to

locate accurately, and thus the criterion based on the B�/

H vibration frequency [19] could not be used to

ascertain the k3-coordination mode. The air stable

orange acetyl derivative 1 exhibits, however, the ex-

pected one strong n(CO) band at 1943 cm�1 for the

metal-bonded CO and a less intense n(CO) band at 1586
cm�1 which is attributed to the metal-acyl carbonyl. In

the 1H-NMR spectrum (CDCl3), all the pyrazolyl

hydrogen atoms are magnetically inequivalent due to

the coordination of the Tp ligand to the stereogenic iron

center. All these spectroscopic data are in full agreement

with those reported for TpFe(CO)(PMe3)(COMe) (1) by

Macchioni and co-workers, who used NaTp as the

starting hydrotris(pyrazolyl)borate salt [13].

It is noteworthy that employing KTp directly pro-

vided the k3-coordination of the Tp ligand. The k2-

TpFe(CO)(PMe3)2(COMe) is indeed the isolated species

when the reaction is carried out with NaTp under the
same conditions [13]. The k3-Tp acetyl derivative 1 is

then produced upon refluxing the bidentate intermediate

in n -hexane for 1 h, during which the third pyrazolyl

arm coordinates to the metal while replacing one of the

phosphine ligands. A possible mechanism leading to the

formation of TpFe(CO)(PMe3)(COMe) (1) implies, as

one step, the ionization of the Fe�/I bond to generate an

iodide salt (KI or NaI). The reaction could then be
driven by a salt effect in which a weaker I�/K� � �N -

pyrazolyl interaction will favor the one-step formation

of 1 due to the lower solubility of KI [20]. Such Na�

versus K� salt effects have precedent in the reactivity of

organometallic compounds [21].

In our pursuit of tris(pyrazolyl)borate complexes of

iron, we have turned our attention to the possibility of

employing steric shielding to facilitate the possible
formation and/or stabilization of low-coordinate iron

complexes. Thus, the above-mentioned procedure has

been applied to salts of various [TpR]� anions (TpR�/

Tp*; t -BuB(pzR?)3; R?�/H, Ph, iPr) [22]. Whatever the

MTpR salts (M�/K, Li) and the experimental condi-

tions (time, solvent and temperature) used, the reaction

with cis �/trans -Fe(CO)2(PMe3)2MeI failed. The organo-

metallic precursor was always quantitatively recovered
as judged by infrared, 1H and 31P-NMR spectroscopies.

This lack of reactivity could result from the increased

electronic densities of the [TpR]� anions and/or from

intra- and interligand contacts related to steric effects of

substituents either at the boron or at the C-3 positions of

the pyrazolyl rings [1].

2.2. Preparation of TpFe(CO)(PMe3)Me (2)

Hydrocarbyl complexes can be accessed by thermal
[11] or photochemical [23] CO extrusion from their

corresponding acyl precursors. As TpFe(CO)(P-

Me3)(COMe) (1) is thermally stable, having first been

generated in boiling n -hexane [13], we used the photo-

chemical approach to perform the decarbonylation

reaction. Thus, visible light irradiation of compound 1

in toluene for 1 h afforded the desired methyl�/iron

complex TpFe(CO)(PMe3)Me (2) (Scheme 1). The

Scheme 1.
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reaction was monitored by infrared spectroscopy in

order to best optimize the formation of 2. As the

photolysis progresses, the original terminal and acetyl

CO bands gradually vanish, whereas at the same time

one new band, attributable to the methyl compound 2,

appears and progressively becomes more intense at 1912

cm�1. Before the original terminal CO band has

completely disappeared, new small bands grow in and

the solution becomes more red in color. Evidently, the

methyl compound decomposes, giving rise to the

homoleptic complex Tp2Fe [24] which is responsible

for the alteration and intensification of the color. This

species is easily identified by its characteristic reversible

cyclic voltammogram (E8�/�/0.23 V vs. Cp2Fe0/�) [25].

Tp2Fe is also the only characterizable product of the

thermolysis of the aroyl derivative TpFe(CO)2-

(COC6H3Me2-2,6) [12].

After work-up and crystallization from n-hexane,

compound 2 is isolated as air and thermally stable,

analytically pure orange microcrystals in 80% yield. The

compound has been characterized by IR, 1H, 13C, and
31P-NMR spectroscopies (see the Section 4 for details),

and by an X-ray diffraction study (vide infra). The IR

spectrum (Nujol) displays the characteristic strong

terminal carbonyl stretching band at 1912 cm�1, moved

to lower frequency than that for the acetyl precursor.

The methyl group is a better donor than the acetyl one,

improving Fe(dp)0/CO(p*) backbonding which de-

creases the CO bond order. The 1H-NMR spectrum

(CD2Cl2) of 2 shows three doublets (H-3), one multiplet

(H-5) and three triplets (H-4) which integrate as

1:1:1:3:1:1:1 for the Tp ligand protons. This signal

multiplicity is an indication of an asymmetric metal

center (i.e. all three pyrazolyl rings are inequivalent with

the three Tp (H-5) doublets coincidentally overlapping).

The Fe�/methyl group appears as a doublet at high field,

d �/0.29 (3JHP�/4.0 Hz). The Fe�/methyl is also

observed in the 13C{1H} NMR spectrum as a doublet

at d �/5.7 (2JCP�/21 Hz), whereas the Fe�/CO ligand

resonates at d 223.2 (2JCP�/35 Hz). The Tp carbon

atoms give rise to seven lines, two C-5 and C-4

resonances being isochronous. Finally, the 31P{1H}

NMR spectrum shows a singlet resonance for the

PMe3 ligand at d 32.92. Disregarding the facial ligand,

the 1H, 13C and 31P-NMR chemical shifts of the

remaining three-legged iron moiety are similar to those

reported for the closely related complexes Cp#Fe-

(CO)(PMe3)CH2R (Cp#/R�/C5Ph5/Me [23], C5H5/H

[26], C5Me5/H [27]). The results of the spectroscopic

analyses clearly lead to the conclusion that structure of

the methyl-iron complex TpFe(CO)(PMe3)Me is best

described as a low-spin, octahedral complex. This

conclusion is confirmed by the X-ray crystallographic

investigation.

2.3. X-ray crystal structure determination of

TpFe(CO)(PMe3)Me (2)

X-ray quality crystals of TpFe(CO)(PMe3)Me were

grown by slow diffusion of pentane into a saturated

dichloromethane solution of 2. Data from the structural

study are presented in the Section 4 (Section 4.3),

important bond lengths and angles are depicted in Table

1, and an ORTEP view of the molecular structure of 2

with the atom labeling scheme is presented in Fig. 1.

Complex 2 consists of a neutral mononuclear Fe(II)

species. The individual molecules of TpFe(CO)(P-

Me3)Me are well separated from each other with

essentially no intermolecular contact distances of less

than the sum of van der Waals radii. Complex 2

crystallizes in the orthorhombic space group Pbcn , and

the unit cell contains eight molecules.

The methyl and the carbonyl ligands are statistically

distributed over two positions and thus precludes any

discussions of the exact Fe�/C bond lengths. However,

the structural analysis clearly establishes that the methyl

complex 2 adopts a pseudo -octahedral structure, as is

invariably observed for six-coordinated TpFe deriva-

tives [10,16,28,29]. The facially coordinated Tp ligand

occupies three coordination sites, whereas the methyl

and carbonyl carbon atoms and the phosphorus atoms

occupy the three remaining sites. The pseudo -octahedral

coordination environment has the N(1) and P(1) atoms

in axial positions, and two pyrazolyl nitrogen atoms

(N(3), N(5)) and two carbon atoms (C(10), C(11)) in

equatorial positions. The Fe atom is coplanar with these

four atoms. In accord with this geometry, the N�/Fe�/N

angles are smaller than the other N�/Fe�/(C or P) angles.

However, the distortion from ideal octahedral coordina-

tion geometry is only slight, with mean deviations from

ideal angles (90 or 1808) of 1.64 and 3.118, and with

maximum deviations of 3.75 and 3.988, respectively (see

Table 1

Selected bond lengths (Å) and angles (8) for TpFe(CO)(PMe3)Me (2)

Bond lengths

Fe(1)�/N(1) 2.021(3) N(1)�/N(2) 1.368(3)

Fe(1)�/N(3) 2.053(3) N(3)�/N(4) 1.365(4)

Fe(1)�/N(5) 2.057(3) N(5)�/N(6) 1.347(5)

Fe(1)�/P(1) 2.2395(12) N(2)�/B(1) 1.547(4)

N(4)�/B(1) 1.565(5) N(6)�/B(1) 1.534(5)

Bond angles

C(11)�/Fe(1)�/C(10) 89.64(16) N(3)�/Fe(1)�/N(5) 88.11(11)

C(10)�/Fe(1)�/N(1) 89.80(14) N(1)�/Fe(1)�/P(1) 177.65(7)

C(10)�/Fe(1)�/N(3) 176.02(14) N(3)�/Fe(1)�/P(1) 91.89(8)

C(10)�/Fe(1)�/N(5) 91.15(15) N(5)�/Fe(1)�/P(1) 92.24(8)

C(11)�/Fe(1)�/N(1) 90.85(13) N(6)�/B(1)�/N(2) 107.2(3)

C(11)�/Fe(1)�/N(3) 90.90(13) N(6)�/B(1)�/N(4) 108.2(3)

C(11)�/Fe(1)�/N(5) 177.01(14) N(2)�/B(1)�/N(4) 106.6(3)

N(1)�/Fe(1)�/N(3) 86.25(10) C(11)�/Fe(1)�/P(1) 90.61(12)

N(1)�/Fe(1)�/N(5) 86.27(10) C(10)�/Fe(1)�/P(1) 92.04(13)
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Table 1). The axial Fe�/N bond distance (2.021(3) Å) is

slightly shorter than the two equivalent equatorial Fe�/

N distances of 2.053(3) and 2.057(3) Å. The Fe�/N

separation (av. 2.044 Å) is somewhat larger than those

determined in the acetyl-iron complex TpFe(CO)2-
(COMe) (av. dFe�N�/2.024 Å) [10] and in the ferraox-

ethane TpFe(CO)(CNiPr2OCF2) (av. dFe�N�/2.026 Å)

[16]. This is probably due to the sterically more

demanding PMe3 ligand. Likewise, the Fe�/P bond

distance (2.2395(12) Å) is longer than the lengths

measured for other mononuclear complexes with the

‘‘Cp#Fe(CO)(PMe3)(s-C)’’ motive (dFe�P 3/4 2.023 Å)

[30]. The Fe�/P separation increases with the steric bulk
of the facial ligand (Tp�/C5Ph5�/Cp*, Cp). All the

other bond lengths and angles measured in the hydro-

tris(pyrazolyl)borate ligands are unexceptional (see

Table 1).

2.4. Probes for the electron density at the metal in 1, 2,

and related complexes

Cyclic voltammetry experiments indicate a very rapid

rearrangement upon oxidation of both TpFe(CO)(P-

Me3)(COMe) (1) and TpFe(CO)(PMe3)Me (2). In
CH2Cl2, compound 1 exhibits an irreversible oxidation

wave at 0.39 V versus Cp2Fe0/� at voltage scan rates n

of 1�/100 V s�1. At n�/5 V s�1, a new irreversible wave

appeared at 0.07 V during the reverse scan, and is

attributed to the reduction of a species resulting from

the degradation of the electrode generated short-lived

radical cation 1+�. The irreversible oxidation wave is

also observed in acetonitrile at 0.34 V (n�/1 V s�1) but
moved to �/0.29 V at n�/100 V s�1 and in this case

exhibited partial reversibility (ipc/ipa�/0.7, DEp�/98

mV). This behavior sharply contrasts with that of

CpFe(CO)(PPh3)(COMe) which exhibited reversible

electrochemical oxidation (E8�/0.36 V, DEp�/60 mV,

n�/50 mV s�1 [31]. As expected from the IR spectro-

scopy data, the methyl derivative 2 is easier to oxidize

than its acetyl precursor 1, and shows an irreversible

wave at 0.16 V in its cyclic voltammogram (CH2Cl2, n�/

1 V s�1), as in the Cp series [31]. At higher scan rate

(n�/50 V s�1), a partially reversible reduction wave is

observed at �/0.03 V (ipc/ipa�/0.7, DEp�/130 mV), and

could arise from the reduction of a solvated acetyl

cation radical. A migratory insertion following oxida-

tion of TpFe(CO)(PMe3)Me might be very rapid, as is

observed for the Cp series [31]. In acetonitrile, two

irreversible oxidation waves are observed at �/0.23 and

0.08 V, at all voltage sweep rates. It is noteworthy that

the electron-transfer induced decomposition pathway is

quite different from that induced thermally [10�/12] or

photochemically (vide supra). Indeed, the transient

cation radicals 1+� and 2+� never transformed into

the bis(hydrotris(pyrazolyl)borate) iron complex on the

voltammetric time scale, since the signature of the

Tp2Fe0/� reversible couple [25] was never observed in

the recorded cyclic voltammograms.

The n (CO) stretching frequencies of metal-bound

carbonyls are a gauge of the electron density of the

metal center and thereby of the electron-donating

abilities of the ancillary ligands bound to the metal. A

comparison of IR data for iron carbonyl complexes

featuring the hydrotris(pyrazolyl)borate and cyclopen-

Fig. 1. ORTEP view of TpFe(CO)(PMe3)Me (2) with the atom labeling

scheme. Displacement ellipsoids are at the 50% probability level.

Table 2

Comparative CO stretching frequencies for (FL)Fe(CO)(L)R (FL�/

Tp, Cp, Cp*; C5PH5; L�/CO, PMe3; R�/COMe, COEt, Me, Et)

Compound n (C�/O) (cm�1) Reference

TpFe(CO)2(COMe) a 2047, 2032, 1987, 1973 [10]

TpFe(CO)2Me a 2028, 1968 [10]

TpFe(CO)(PMe3)(COMe) 1952 b [13]

1943 c This work

TpFe(CO)(PMe3)Me d 1912 This work

Tpi Pr2Fe(CO)2(COEt) e 2024, 2000, 1957, 1930 14c

CpFe(CO)2(COMe) d 2018, 1963 [33]

CpFe(CO)2Me f 2010, 1955 [34]

CpFe(CO)(PMe3)(COMe) e 1878 [35]

CpFe(CO)(PMe3)Me b 1910 [26]

Cp*Fe(CO)2(COMe) g 2003, 1945 [36]

Cp*Fe(CO)2Me 2040, 1985 [37]

Cp*Fe(CO)(PMe3)(COMe) h 1891 [38]

Cp*Fe(CO)(PMe3)Me g 1910 [27]

(C5Ph5)Fe(CO)(PMe3)(COEt) h 1903 [23]

(C5Ph5)Fe(CO)(PMe3)Et h 1893 [23]

a In cyclohexane.
b In n -hexane.
c In toluene.
d in Nujol.
e In KBr discs.
f In CS2.
g In pentane.
h In CH2Cl2.
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tadienyl ligands, listed in Table 2 [32], indicates that an

increase of the electron density at the iron center (COMe

vs. Me, CO vs. PMe3, Tp vs. Tpi Pr2) induces a shift of

the terminal CO vibrational frequencies to lower wave-

numbers, caused by enhanced p-back donation to the

CO ligands. The tendency is however less clear-cut in the

Tp versus Cp, C5Ph5 and Cp* series. Nevertheless, the

data suggest that the relative electron-donating ability of

the facial ligands is Cp, Cp*, C5Ph5�/Tp. This trend is

opposite to that reported for sandwich-type complexes,

where electrochemical studies showed that the Tp ligand

is more donating than the Cp ligand [25], but agrees with

other Group 8 and 9 metal half-sandwich complexes

that exhibit the general trend Cp*�/Cp, Tp*�/Tp [4].

This comparison involves compounds of different co-

ordination geometries and thus caution must be excerted

when this tool is used to order the relative donor

strength of the four ligands. The only thorough electro-

chemical and infrared examination of the relative

electron-donating abilities of the two classes of ligands,

reported by Tilset and Skagestad, demonstrated that the

hydridotris(pyrazolyl)borate ligand is more electron

donating than the cyclopentadienyl ligand (Tp*�/

Tp�/Cp) toward Cr, Mo, and W in Group 6 metal

carbonyl complexes of the type [(FL)M(CO)3]� (FL�/

Cp, Tp, Tp*) [6e].

3. Conclusion

We have presented a one-step synthesis of the acetyl

iron complex TpFe(CO)(PMe3)(COMe) (1), starting

from cis ,trans -Fe(CO)2(PMe3)2MeI and using the po-

tassium, rather than the previously reported sodium, salt

of the hydrotris(pyrazolyl)borate anion. This reaction

has been shown to be specific to the parent Tp ligand.

The photodecarbonylation leads to the first octahedral

methyl�/iron complex featuring the hydrotris(pyrazo-

lyl)borate ligand system. The product TpFe(CO)(P-

Me3)Me (2) has been characterized by an X-ray

diffraction analysis. These complexes have electronic

properties that are distinct from related CpFe, Cp*Fe

and (C5Ph5)Fe counterparts. This is apparent from the

CO stretching frequencies comparison of analogous iron

carbonyl complexes. It is noteworthy that compounds 1

and 2 represent the first TpFe analogues of the chiral

piano-stool acyl and alkyl iron complexes

Cp#Fe(CO)(PR3)R? (Cp#�/C5H5, C5Ph5 or C5Me5;

PR3�/PMe3, PPh3; R?�/s-bonded carbon ligand).

Moreover, TpFe(CO)(PMe3)Me is a diamagnetic coun-

terpart of complex TpRe(CO)(PMe3)(OSO2CF3), used

as source of the chiral auxillary [TpRe(CO)(PMe3)]�

[39].

4. Experimental

All manipulations were carried out under an atmo-

sphere of argon using Schlenk or vacuum-line techni-
ques. Reagent grade toluene, pentane and hexane were

predried and then distilled under argon from sodium

benzophenone ketyl prior to use. Acetonitrile and

dichloromethane were distilled under argon from

P2O5. All glassware was oven-dried prior to use.

Infrared spectra were obtained using a Bruker IFS28

FT-IR spectrometer (4000�/400 cm�1). The spectra were

obtained as Nujol mulls between KBr disks or with a 1.0
mm path-length NaCl cavity cell. All the NMR spectra

were acquired at 297 K on a multinuclear Bruker DPX

200 instrument. Chemical shifts are given in parts per

million (ppm) relative to tetramethylsilane (TMS) for 1H

and 13C-NMR spectra, and relative to external 85%

H3PO4 for 31P-NMR spectra. Cyclic voltammograms

were recorded using a EG&G-PAR model 263 potentio-

stat/galvanostat. The working electrode was Pt disk
electrode (d�/0.4 or 1.0 mm), the counter electrode was

a Pt wire, and the saturated calomel electrode (SCE) or a

Ag/Ag�(MeCN) electrode were used as reference elec-

trodes. Dichloromethane and acetonitrile solutions were

1.0 mM in the compound under study and 0.1 M in the

supporting electrolyte n -Bu4N�PF6
�. The Cp2Fe0/�

couple was used as an internal reference for the potential

measurements. Elemental analyses were carried out at
the Center for Microanalyses of the CNRS at Vernai-

son, France. KTp [40], KTp* [41], tBuTpRLi (R�/H,

iPr, Ph) [22] and cis ,trans -Fe(CO)2(PMe3)2MeI [18]

were prepared according to published procedures, and

other chemicals were purchased from commercial

sources and used as received.

4.1. Preparation of TpFe(PMe3)(CO)(COMe) (1)

Complex cis ,trans -Fe(CO)2(PMe3)2MeI (400 mg, 1.00

mmol) was dissolved in CH2Cl2 (30 ml), and solid

K[HB(pz)3] (328 mg, 1.00 mmol) was added. The

resulting suspension was stirred for 12 h, during which

time the solution became orange. The solid (KI) was

collected on a glass sintered frit and washed with

CH2Cl2 (2�/5 ml). The solution was dried in vacuo

and the residue was extracted with n -hexane (3�/5 ml).
The extracts were combined, concentrated slightly, and

cooled to �/18 8C for 3 days to afford orange micro-

crystals of 1. Yield: 326 mg (0.78 mmol, 78%). 1H-NMR

(200 MHz, CDCl3) d 7.88 (d, 1H, H-3, 3JHH�/2.2 Hz),

7.84 (d, 1H, H-3?, 3JHH�/2.0 Hz), 7.69 (d, 1H, H-3ƒ,
3JHH�/2.2 Hz), 7.65 (m, 3H, H-5, H-5?, H-5ƒ), 6.37 (t,

1H, H-4, 3JHH�/2.2 Hz), 6.19 (t, 1H, H-4?, 3JHH�/2.0

Hz), 6.15 (t, 1H, H-4ƒ, 3JHH�/2.0 Hz), 2.14 (s, 3H,
COCH3), 1.25 (d, 9H, P(CH3)3, 2JHP�/8.8 Hz). 31P{1H}

(81 MHz, CD2Cl2) d 28.37 (s, PMe3). IR (toluene,

cm�1): 1943 (s, n(CO), 1586 (m, n(COMe)).
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4.2. Preparation of TpFe(PMe3)(CO)Me (2)

A solution of TpFe(PMe3)(CO)(COMe) (82 mg, 0.2

mmol) in toluene (50 ml) in a Pyrex bulb was photolyzed
using an Hanovia 450 W high-pressure mercury vapor

lamp. The lamp was jacketed by water, and the reaction

bulb was placed �/2 cm away from the lamp. The whole

system was wrapped with an aluminum foil. The orange

solution was vigorously stirred and irradiated. The

reaction was monitored by IR spectroscopy and was

complete after 1 h. The solvent was evaporated under

vacuum, and the residue was crystallized from hexane at
�/18 8C to give orange microcrystals of 2. Yield: 62 mg

(0.15 mmol, 80%). Anal. Calc. for C14H22BFeN6OP: C,

43.34; H, 5.72; N, 21.66. Found: C, 43.59; H, 5.71; N,

21.35%. 1H-NMR (200 MHz, CD2Cl2) d 8.01 (d, 1H, H-

3, 3JHH�/2 Hz), 7.90 (d, 1H, H-3?, 3JHH�/2 Hz), 7.75

(m, 3H, H-5, H-5?, H-5ƒ), 7.64 (d, 1H, H-3ƒ, 3JHH�/2.2

Hz), 6.41 (t, 1H, H-4, 3JHH�/2.1 Hz), 6.23 (t, 1H, H-4?,
3JHH�/2.1 Hz), 6.17 (t, 1H, H-4ƒ, 3JHH�/2.0 Hz), 1.19
(d, 9H, P(CH3)3), 2JHP�/8.0 Hz), �/0.29 (d, 3H, Fe�/

CH3, 3JHP�/4.0 Hz). 13C{1H} NMR (50 MHz, CD2Cl2)

d 223.2 (d, CO, 2JCP�/35 Hz), 143.6 (s, C-3), 142.82 (s,

C-3?), 142.78 (s, C-3ƒ), 135.7 (s, C-5 and C-5?), 135.2 (s,

C-5ƒ), 105.8 (s, C-4), 105.6 (s, C-4? and C-4ƒ), 15.8 (d,

P(CH3)3, JCP�/24 Hz), �/5.7 (d, Fe�/CH3, 2JCP�/21

Hz). 31P{1H} NMR (81 MHz, CD2Cl2) d 32.92 (s,

PMe3). IR (Nujol, cm�1): 1912 (s, n(CO)).

4.3. Crystal structure determination of

TpFe(CO)(PMe3)Me (2)

Orange plates of 2 were obtained by slow diffusion of

pentane into a saturated solution of the complex in

dichloromethane, under argon, at room temperature.

Crystal data: C14H22BFeN6OP, Mr�/388.01, orthor-

hombic, Pbcn , a�/12.640(4) Å, b�/15.533(9) Å, c�/

18.654(5) Å, V�/3662(3) Å3, Z�/8, rcalcd�/1.407 g

cm�3, m�/9.24 cm�1, empirical absorption correction

applied, F (000)�/1616, T�/293(2) K, 2u max: 548,
reflections collected/unique/used: 3962/3962/2849 (I �/

2s(I )), parameters refined: 230, R /Rw2 (I �/2s(I))�/

0.048/0.141, R /Rw2 (all data)�/0.0709/0.1513, GOF�/

0.920, [Dr ]min/[Dr ]max: �/0.775/0.517. A crystal of

approximate dimensions 0.38�/0.32�/0.15 mm was
cemented onto quartz fibers with epoxy glue, and

measured on an automatic CAD4 NONIUS diffract-

ometer, using graphite-monochromated Mo�/Ka radia-

tion (l�/0.71073 Å) [42]. The structure was solved by

direct methods with the program SIR-97 [43] which

revealed a static disorder between the methyl and the

carbonyl groups. Structure refinement by least-squares

methods based on F2 was carried out using the program
SHELXL-97 [44]. The non-hydrogen atoms were refined

anisotropically. The hydrogen atoms were included in

calculated positions and were refined riding with the

atoms to which they were bonded. The ORTEP view of

the molecule was generated with PLATON-98 [45].

5. Supplementary material

Crystallographic data (excluding structure factors) for

the structural analysis have been deposited with the

Cambridge Crystallographic Data Center as supplemen-

tary publication CCDC No. 198117. Copies of this

information may be obtained free of charge from The

Director, CCDC, 12 Union Road, Cambridge CB2 1EZ,

UK (Fax: �/44-1223-336033; e-mail: deposit@ccdc.cam.

ac.uk or www: http://www.ccdc.cam.ac.uk).
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