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Abstract

Reaction of the b,g-unsaturated esters and amides [Fe2(CO)5(m-PPh2)(m-h1(O):h1(C):h2(C)-{NuC(O)CH2}C�CH2)] (Nu=OMe,
1a; R=OEt, 1b; R=OPri, 1c, R=NHPh, 1d, R=NHBut, 1e) with dppe and dppm results in displacement of the acyl carbonyl
and migratory insertion to give the a,b,-unsaturated acyl derivatives [Fe2(CO)4(h2-dppe)(m-PPh2)(m-C�O{C�CH2}CH2C(O)Nu)]
(Nu=OMe, 2a; R=OEt, 2b; R=OPri, 2c, R=NHPh, 2d, R=NHBut, 2e) and [Fe2(CO)4(m-dppm)(m-PPh2)(m-
C�O{C�CH2}CH2C(O)Nu)] (R=OMe, 3a; R=OEt, 3b; R=OPri, 3c, R=NHPh, 3d), respectively. Single-crystal X-ray analyses
of 2a and 3a has revealed that the dppe ligand in the former chelates, with one arm binding trans and one cis to the phosphido
bridge, while the dppm and phosphido group in the latter both bridge the iron-iron bond and are trans to one another. In
contrast, reaction of 1a–c with trimethylphosphite results in displacement of the ester carbonyl oxygen to give
[Fe2(CO)5{P(OMe)3}(m-PPh2)(m-h1(C):h2(C)-{NuC(O)CH2}C�CH2}] (Nu=OMe, 4a; R=OEt, 4b; R=OPri, 4c) followed by CO
substitution to give [Fe2(CO)4{P(OMe)3}2(m-PPh2)(m-h1(C):h2(C)-{Nu(O)CCH2}C�CH2)] (Nu=OMe, 6a; R=OEt, 6b; R=OPri,
6c) with no evidence for the formation of the corresponding acyl-bridged derivative. Thermolysis of toluene solutions of 4a–c
result in loss of CO and coordination of the oxygen atom of the ester carbonyl to give [Fe2(CO)4{P(OMe)3}(m-PPh2)(m-
h1(O):h1(C):h2(C)-{NuC(O)CH2}C�CH2)] (Nu=OMe, 5a; R=OEt, 5b; R=OPri, 5c), an intermediate in the formation of 6a–c.
Complexes 5a and 6a have been characterised by single-crystal X-ray crystallography. © 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Migratory insertion of carbonyl into a metal–alkyl
bond is a synthetically useful transformation which is
utilised in a number of important stoichiometric and
catalytic reactions [1]. For instance, chiral iron enolates
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derived from the corresponding acyl compounds have
been used to prepare b- and g-lactams via complex
multistep intramolecular cyclisations [2], and palla-
dium acyl complexes are key intermediates in the syn-
thesis of a,b-unsaturated carboxylic acids, esters
amides, aldehydes and ketones, often with elaborate
architectures [3]. In addition iron acyl complexes are
convenient precursors to non-heteroatom and het-
eroatom stabilised carbene complexes [4].

The most common migratory insertion reaction is
that involving carbon monoxide and a s-bond of a
mononuclear metal–alkyl or alkenyl complex [5]. Al-
though less numerous, there has recently been an in-
creasing number of reports of carbonyl insertion into
unsaturated metal bound hydrocarbons such as s-h-
alkenyls, to generate the corresponding binuclear a,b-
unsaturated acyl derivatives [6]. In contrast to the
widespread use of mononuclear a,b-unsaturated acyl
complexes in organic synthesis, there are surprisingly
few reports of the use of their diiron counterparts in
metal mediated synthesis. However, recent studies by
Gilbertson have demonstrated that these complexes
may also have a rich and varied reactivity with poten-
tial applications in organic synthesis. For instance,
[Fe2(CO)6(m-SPrn){m-O�C(CH�CHCH3)}] undergoes
exo-selective Diels–Alder reactions with Danishefsky’s
diene (Scheme 1a) [7], stereo and regioselective [3+2]
cycloaddition reactions with nitrones, to give the cor-
responding 4-isoxazolidenes (Scheme 1b) [8], and ki-
netic resolution in its reaction with enantiomerically
pure nitrones, derived from proline, to give the ex-
pected bicyclic isoxazolidene as a single diastereoiso-
mer (Scheme 1c) [9].

In the vast majority of binuclear complexes the acyl
ligand acts as a three-electron donor, through oxygen
and carbon. Recently however, an alternative binding

mode has been identified in which the acyl acts as a
five-electron donor through additional coordination of
the a,b-double bond [10].

(1)

We have recently been involved in a detailed study
of the reactivity of the s-h-allenyl ligand in
[Fe2(CO)6(m-PPh2){m-h1:h2-C(H)�C�CH2}] towards a
range of nucleophilic reagents [11], reasoning that the
cumulated fragment –CH�C�CH2 could be a poten-
tially versatile building block for the synthesis of a
wide range of organic products. Our studies have re-
vealed that [Fe2(CO)6(m-PPh2){m-h1:h2-C(H)�C�CH2}]
reacts with a range of amines and alcohols to give the
b,g-unsaturated amides and esters [Fe2(CO)5(m-PPh2)-
(m - h1(O):h1(C):h2(C)–{NuC(O)CH2}C�CH2}] (1a–e),
6ia a highly unusual nucleophile–carbonyl–allenyl
coupling sequence (Eq. (1)) [12]. We became interested
in the carbonyl insertion reactions of these complexes
since the product of this transformation would be a
highly functionalised a,b-unsaturated acyl, capable of
binding to the metal centre through either the alkene
or carbonyl group, and suitable for further functional-
isation. Herein, we report that [Fe2(CO)5(m-PPh2)-
(m-h1(O):h1(C):h2(C)–{NuC(O)CH2}C�CH2}] reacts
with dppm and dppe to give the corresponding phos-
phine substituted a,b-unsaturated acyl derivatives
whereas trimethylphosphite reacts 6ia carbonyl substi-
tution to give the corresponding alkenyl derivatives
(Scheme 2).

Scheme 1.



S. Doherty et al. / Journal of Organometallic Chemistry 620 (2001) 150–164152

Scheme 2.

2. Experimental

2.1. General comments

Unless otherwise stated, all manipulations were car-
ried out in an inert atmosphere glove box or by using
standard Schlenk line techniques. Diethyl ether and
hexane were distilled from Na–K alloy, tetrahydro-
furan from potassium and dichloromethane from
CaH2. CDCl3 was pre-dried with CaH2 and vacuum
transferred and stored over 4 A, molecular sieves. 1H-
and 31P-NMR spectra were recorded on a JEOL
LAMBDA 500 or Bruker AC 200, AMX 300 and DRX
500 machines. Column chromatography was carried
out with alumina purchased from Aldrich Chemical
Company and deactivated with 6% w/w water prior to
loading. The diiron complexes [Fe2(CO)6(m-PPh2){m-
h1:h2-(H)C�C�CH2}] [11c], [Fe2(CO)5(m-PPh2)(m-
h1(C):h2(C):h1(O)–{Nu(O)CCH2}C�CH2)] (1a–e)
[12a] and [Fe2(CO)5{P(OMe)3}(m-PPh2)(m-h1:h2-{NuC-
(O)CH2}C�CH2}] (4a–c) [12b] were prepared as de-
scribed previously.

2.1.1. Synthesis of [Fe2(CO)4(m-PPh2)(h2-dppe)-
(m-O�C–C{CH2}–CH2–C(O)OMe)] (2a)

A diethyl ether solution of [Fe2(CO)5(m-PPh2)(m-
h1(C):h2(C):h1(O)–{MeO(O)CCH2}C�CH2)] (1a)
(0.200 g, 0.373 mmol) and dppe (0.746 mmol, 0.300 g)
was stirred for 16 h. The solvent was then removed
under reduced pressure and the residue dissolved in the
minimum amount of dichloromethane (2–3 ml), ab-
sorbed onto deactivated alumina, desolvated and

placed on a 300×30 mm2 alumina column. Elution
with an n-hexane–dichloromethane mixture (50:50, v/v)
gave a single major band identified as 2a. Crystallisa-
tion from dichloromethane–n-hexane gave 2a as or-
ange crystals in 65% yield (0.220 g). IR (n(CO), cm−1,
C6H14): 2013 s, 1961 m, 1940 m, 1901 m, 1747 w, 1653
w. 31P{1H} (121.498 MHz, CDCl3, d): 167.9 (dd,
2JPP=123.0 Hz, 2JPP=11.0 Hz, m-PPh2), 85.9 (dd,
2JPP=123.0 Hz, 2JPP=23.1 Hz, dppe), 79.4 (dd, 2JPP=
23.1 Hz, 2JPP=11.0 Hz, dppe). 1H-NMR (200.132
MHz, CDCl3, d): 8.01–7.92 (m, 2H, C6H5), 7.38–6.76
(m, 26H, C6H5), 6.50–6.42 (m, 2H, C6H5), 6.19 (s, 1H,
C�CHaHb), 5.63 (s, 1H, C�CHaHb), 3.51 (s, 3H,
OCH3), 3.16–2.78 (m, 2H, P–CH2–CH2–P), 2.66–2.31
(m, 2H, P–CH2–CH2–P), 2.13 (d, 1H, 2JHH=16.5 Hz,
(O)CCHcHd), 1.85 (d, 1H, 2JHH=16.5 Hz,
(O)CCHcHd). 13C{1H}-NMR (125.65 MHz, CDCl3, d):
288.7 (d, 2JPC=16.6 Hz, m-acyl), 218.1 (td, 2JPC=12.6
Hz, 2JPC=25.5 Hz, CO), 214.3 (m, CO), 172.0 (s,
C(O)–OCH3), 148.6 (s, C�CH2), 140.9–127.3 (m,
C6H5), 133.9 (d, 4JPC=10.7 Hz, C�CH2), 51.5 (s,
OCH3), 33.8 (s, CH2–C(O)OCH3), 31.6 (dd, 1JPC=
25.5 Hz, 2JPC=15.4 Hz, P–CH2–CH2–P), 30.4 (ddd,
1JPC=26.7 Hz, 2JPC=14.2 Hz, 3JPC=4.7 Hz P–CH2–
CH2–P). Anal. Calc. for C48H41Fe2O6P3: C, 61.70; H,
4.42. Found: C; 61.62; H, 4.28.

Compounds 2b–e were prepared according to the
procedure described above for 2a.

2.1.2. Synthesis of [Fe2(CO)4(m-PPh2)(h2-dppe)-
(m-O�C–C{CH2}–CH2–C(O)OEt)] (2b)

Isolated as dark red crystals in 65% yield from a
dichloromethane solution layered with n-hexane at
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room temperature (r.t.). IR (n(CO), cm−1, C6H14):
2013 s, 1961 m, 1940 m, 1901 m, 1747 w, 1655 w.
31P{1H} (202.35 MHz, CDCl3, d): 168.1 (dd, 2JPP=
122.0 Hz, 2JPP=10.0 Hz, m-PPh2), 85.8 (dd, 2JPP=
122.0 Hz, 2JPP=23.0 Hz, dppe), 79.6 (dd, 2JPP=23.0
Hz, 2JPP=10.0 Hz, dppe). 1H-NMR (500.0 MHz,
CDCl3, d): 8.00–7.96 (m, 2H, C6H5), 7.43–6.79 (m,
26H, C6H5), 6.46 (m, 2H, C6H5), 6.18 (s, 1H,
C�CHaHb), 5.63 (s, 1H, C�CHaHb), 4.01 (q, 2H,
3JHH=6.8 Hz, OCH2CH3), 3.02 (m, 2H, P–CH2–
CH2–P), 2.48 (m, 2H, P–CH2–CH2–P), 2.13 (d,
2JHH=14.5 Hz, 1H, (O)CCHcHd), 1.87 (d, 2JHH=14.5
Hz, 1H, (O)CCHcHd), 1.18 (t, 3JHH=6.8 Hz, 3H,
OCH2CH3). 13C{1H}-NMR (125.65 MHz, CDCl3, d):
289.1 (br s, m-acyl), 218.2 (br s, CO), 214.6 (m, CO),
171.7 (s, C(O)–OCH2CH3), 148.9 (s, C�CH2), 140.6–
127.4 (m, C6H5), 133.9 (d, 4JPC=8.9 Hz, C�CH2), 60.3
(s, OCH2CH3), 34.1(s, CH2–C(O)OEt), 31.5 (dd,
1JPC=25.8 Hz, 2JPC=14.4 Hz, P–CH2–CH2–P), 30.3
(ddd, 1JPC=30.0 Hz, 2JPC=14.6 Hz, 3JPC=5.3 Hz,
P–CH2–CH2–P), 14.2 (s, OCH2CH3). Anal. Calc. for
C49H43Fe2O6P3: C, 62.05; H, 4.57. Found: C; 61.73; H,
4.42.

2.1.3. Synthesis of [Fe2(CO)4(m-PPh2)(h2-dppe)-
(m-O�C–C{CH2}–CH2–C(O)OPri )] (2c)

Isolated as dark red crystals in 60% yield from a
dichloromethane solution layered with n-hexane at r.t.
IR (n(CO), cm−1, C6H14): 2013 s, 1961 m, 1940 m,
1903 w. 31P{1H} (121.498 MHz, CDCl3, d): 167.8 (dd,
2JPP=122.2 Hz, 2JPP=10.6 Hz, m-PPh2), 85.3 (dd,
2JPP=122.2 Hz, 2JPP=23.1 Hz, dppe), 79.5 (dd, 2JPP=
23.1 Hz, 2JPP=10.6 Hz, dppe). 1H-NMR (500.0 MHz,
CDCl3, d): 8.00–7.96 (m, 2H, C6H5), 7.43–6.79 (m,
26H, C6H5), 6.48–6.14 (m, 2H, C6H5), 6.15 (s, 1H,
C�CHaHb), 5.62 (s, 1H, C�CHaHb), 4.89 (sept, 1H,
3JHH=6.4 Hz, CH–(CH3)2), 3.03 (m, 2H, P–CH2–
CH2–P), 2.47 (m, 2H, P–CH2–CH2–P), 2.10 (d,
2JHH=15.9 Hz, 1H, (O)CCHcHd), 1.87 (d, 2JHH=15.9
Hz, 1H, (O)CCHcHd), 1.61 (d, 3JHH=6.4 Hz, 6H,
CH–(CH3)2). 13C{1H}-NMR (125.65 MHz, CDCl3, d):
288.2 (d, 2JPC=16.7 Hz, m-acyl), 218.4 (td, 2JPC=29.0
Hz, 3JPC=16.7 Hz, CO), 214.6 (m, CO), 171.2 (s,
C(O)–CH3), 149.1 (s, C�CH2), 140.9–127.3 (m, C6H5),
133.9 (d, 4JPC=9.6 Hz, C�CH2), 67.6 (s, CH–(CH3)2),
34.6 (s, CH2–C(O)OPri), 31.5 (dd, 1JPC=25.4 Hz,
2JPC=15.9 Hz, P–CH2–CH2–P), 30.4 (ddd, 1JPC=
27.6 Hz, 2JPC=13.8 Hz, 3JPC=5.8 Hz, P–CH2–CH2–
P), 21.9 (s, CH–(CH3)2). Anal. Calc. for
C50H45Fe2O6P3: C, 62.39; H, 4.71. Found: C; 62.24; H,
4.49.

2.1.4. Synthesis of [Fe2(CO)4(m-PPh2)(h2-dppe)-
(m-O�C–C{CH2}–CH2–C(O)NHPh)] (2d)

Isolated as dark red crystals in 65% yield from a
dichloromethane solution layered with n-hexane at r.t.

IR (n(CO), cm−1, C6H14): 2013 s, 1959 m, 1940 m,
1903 w. 31P{1H} (121.498 MHz, CDCl3, d): 168.6 (dd,
2JPP=123.0 Hz, 2JPP=10.5 Hz, m-PPh2), 84.5 (dd,
2JPP=123.0 Hz, 2JPP=23.5 Hz, dppe), 79.0 (dd, 2JPP=
23.5 Hz, 2JPP=10.5 Hz, dppe). 1H-NMR (500.0 MHz,
CDCl3, d): 7.99–6.80 (m, 33H, C6H5), 6.56 (t, 3JHH=
8.8 Hz, 2H, C6H5), 6.32 (s, 1H, NH), 6.19 (s, 1H,
C�CHaHb), 5.75 (s, 1H, C�CHaHb), 3.18–2.82 (m, 2H,
P–CH2–CH2–P), 2.61–2.38 (m, 2H, P–CH2–CH2–P),
2.17 (d, 2JHH=15.8 Hz, 1H, (O)CCHcHd), 1.99 (d,
2JHH=15.8 Hz, 1H, (O)CCHcHd). 13C{1H}-NMR
(125.65 MHz, CDCl3, d): 290.6 (br s, m-acyl), 217.9 (br
s, CO), 214.5 (m, CO), 168.5 (s, C(O)–NHPh), 149.9 (s,
C�CH2), 140.7–119.3 (m, C6H5), 133.9 (d, 4JPC=8.0
Hz, C�CH2), 38.4 (s, CH2C(O)), 31.7 (dd, 1JPC=23.9
Hz, 2JPC=15.2 Hz, P–CH2–CH2–P), 30.4 (m, P–
CH2–CH2–P). Anal. Calc. for C53H44Fe2NO6P3: C,
63.94; H, 4.45; N, 1.41. Found: C; 63.76; H, 4.61; N,
1.36.

2.1.5. Synthesis of [Fe2(CO)4(m-PPh2)(h2-dppe)-
(m-O�Ca–Cb{CgH2}–CdH2–Co(O)NHBut)] (2e)

Isolated as dark red crystals in 55% yield from a
dichloromethane solution layered with n-hexane at r.t.
IR (n(CO), cm−1, C6H14): 2013 s, 1959 m, 1938 m,
1903 w, 1722 w, 1691 w. 31P{1H} (121.498 MHz,
CDCl3, d): 167.9 (dd, 2JPP=123.8 Hz, 2JPP=11.1 Hz,
m-PPh2), 87.3 (dd, 2JPP=123.8 Hz, 2JPP=23.7 Hz,
dppe), 79.1 (dd, 2JPP=23.7 Hz, 2JPP=11.1 Hz, dppe).
1H-NMR (500.0 MHz, CDCl3, d): 7.98–6.54 (m, 30H,
C6H5), 6.09 (s, 1H, C�CHaHb), 5.58 (s, 1H, C�CHaHb),
4.60 (s, 1H, NH), 3.07–2.91 (m, 2H, P–CH2–CH2–P),
2.59–2.50 (m, 2H, P–CH2–CH2–P), 1.76 (d, 2JHH=
16.5 Hz, 1H, (O)CCHcHd), 1.61 (d, 2JHH=16.5 Hz, 1H,
(O)CCHcHd), 1.23 (s, 9H, NHC(CH3)3). 13C{1H}-NMR
(125.65 MHz, CDCl3, d): 290.3 (d, 2JPC=18.8 Hz,
m-acyl), 218.2 (dt, 2JPC=13.8 Hz, 2JPC=26.2 Hz, CO),
214.3 (m, CO), 170.7 (s, C(O)–NHBut), 150.9 (s,
C�CH2), 140.6–127.2 (m, C6H5), 133.9 (d, 4JPC=9.4
Hz, C�CH2), 51.1 (s, NHC(CH3)3), 38.4 (s, CH2–
C(O)NHBut), 31.9 (dd, 1JPC=24.8 Hz, 2JPC=16.0 Hz,
P–CH2–CH2–P), 30.7 (ddd, 1JPC=27.6 Hz, 2JPC=
14.6 Hz, 3JPC=5.9 Hz, P–CH2–CH2–P), 28.7 (s,
NHC(CH3)3). Anal. Calc. for C45H48Fe2NO6P3: C,
62.79; H, 4.96; N, 1.44. Found: C; 62.58; H, 4.87; N,
1.75.

2.1.6. Synthesis of [Fe2(CO)4(m-PPh2)(m-dppm)-
(m-O�C–C{CH2}–CH2–C(O)OMe)] (3a)

A toluene solution of [Fe2(CO)5(m-PPh2)(m-
h1(C):h2(C):h1(O)–{MeO(O)CCH2}C�CH2)] (1a)
(0.200 g, 0.373 mmol) and dppm (0.286 g, 0.746 mmol)
was heated at 75°C for 3 h, after which time the solvent
was removed to give a dark oily residue. This was
dissolved in dichloromethane, absorbed onto deacti-
vated alumina and desolvated under high vacuum,
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placed on a 300×30 mm2 alumina column and eluted
with n-hexane–dichloromethane (50/50, v/v) to give a
major red–orange band which was crystallized from
dichloromethane–n-hexane to give 4a as orange crys-
tals in 75% yield (0.257 g). IR (n(CO), cm−1, C6H14):
1990 m, 1957 s, 1923 m, 1911 m, 1739 w,. 31P{1H}
(121.498 MHz, CDCl3, d): 209.9 (dd, 2JPP=54.7 Hz,
2JPP=110.8 Hz, m-PPh2), 53.2 (dd, 2JPP=54.7 Hz,
2JPP=60.0 Hz, dppm), 44.1 (dd, 2JPP=110.8 Hz,
2JPP=60.0 Hz, dppm). 1H-NMR (200.132 MHz,
CDCl3, d): 7.68–6.88 (m, 30H, C6H5), 5.09 (s, 1H,
C�CHaHb), 5.01 (s, 1H, C�CHaHb), 3.47 (ddd, 2JPH=
23.8 Hz, 2JPH=13.4 Hz, 2JHH=3.3 Hz, 1H, P–CHH–
P), 2.88 (m, 1H, P–CHH–P), 2.86 (s, 3H, OCH3), 2.03
(d, 2JHH=16.8 Hz, 1H, (O)CCHcHd), 1.92 (d, 2JHH=
16.8 Hz, 1H, (O)CCHcHd). 13C{1H}-NMR (125.65
MHz, CDCl3, d): 301.2 (td, 2JPC=21.5 Hz, 3JPC=3.6
Hz, m-acyl), 219.7 (t, 2JPC=22.5 Hz, CO), 218.2 (t,
2JPC=19.0 Hz, CO), 217.4 (s, CO), 213.4 (s, CO), 171.5
(s, C(O)–OCH3), 147.6 (s, C�CH2), 141.4–127.6 (m,
C6H5), 133.3 (d, 4JPC=8.3 Hz, C�CH2), 51.1 (s,
OCH3), 35.4 (m, CdHH–C(O)OCH3 and P–CH2–P).
Anal. Calc. for C47H39Fe2O7P3: C, 61.33; H, 4.27.
Found: C; 61.08; H, 4.39.

Compounds 3b–d were prepared using a procedure
similar to that described above for 3a.

2.1.7. Synthesis of [Fe2(CO)4(m-PPh2)(m-dppm)-
(m-O�C–C{CH2}–CH2–C(O)OEt)] (3b)

Isolated as orange–red crystals in 75% yield from a
dichloromethane solution layered with n-hexane at r.t.
IR (n(CO), cm−1, C6H14): 1990 m, 1957 s, 1923 m,
1911 w. 31P{1H} (121.498 MHz, CDCl3, d): 210.1 (dd,
2JPP=55.3 Hz, 2JPP=110.8 Hz, m-PPh2), 53.4 (dd,
2JPP=55.3 Hz, 2JPP=59.6 Hz, dppm), 44.1 (dd, 2JPP=
110.8 Hz, 2JPP=59.6 Hz, dppm). 1H-NMR (500.0
MHz, CDCl3, d): 7.85–6.86 (m, 30H, C6H5), 5.09 (s,
1H, C�CHaHb), 4.99 (s, 1H, C�CHaHb), 3.47 (ddd,
2JPH=26.8 Hz, 2JPH=13.2 Hz, 2JHH=3.1 Hz, 1H,
P–CHH–P), 3.23 (m, 2H, OCH2CH3), 2.89 (m, 1H,
P–CHH–P), 2.02 (d, 1H, 2JHH=16.8 Hz,
(O)CCHcHd), 1.91 (d, 1H, 2JHH=16.8 Hz,
(O)CCHcHd), 0.82 (t, 3JHH=5.5 Hz, OCH2CH3).
13C{1H}-NMR (125.65 MHz, CDCl3, d): 301.4 (td,
2JPC=22.2 Hz, 3JPC=3.6 Hz, m-acyl), 219.8 (t, 2JPC=
21.6 Hz, CO), 218.2 (t, 2JPC=19.6 Hz, CO), 217.4 (s,
CO), 213.4 (s, CO), 171.1 (s, Co(O)–OCH2CH3), 147.8
(s, C�CH2), 141.4–127.6 (m, C6H5), 133.3 (d, 4JPC=8.3
Hz, C�CH2), 59.9 (s, OCH2CH3), 35.5–35.3 (m, CH2–
C(O) and P–CH2–P), 13.9 (s, OCH2CH3). Anal. Calc.
for C48H41Fe2O7P3·0.5CH2Cl2: C, 59.63; H, 4.33.
Found: C; 59.49; H, 4.27.

2.1.8. Synthesis of [Fe2(CO)4(m-PPh2)(m-dppm)-
(m-O�C–C{CH2}–CH2–C(O)OPri)] (3c)

Isolated as deep orange crystals in 70% yield from a

dichloromethane solution layered with n-hexane at r.t.
IR (n(CO), cm−1, C6H14): 1990 m, 1957 s, 1921 m,
1911 w. 31P{1H} (121.498 MHz, CDCl3, d): 210.0 (dd,
2JPP=55.2 Hz, 2JPP=110.7 Hz, m-PPh2), 53.0 (dd,
2JPP=55.2 Hz, 2JPP=60.4 Hz, dppm), 43.8 (dd, 2JPP=
110.7 Hz, 2JPP=60.4 Hz, dppm). 1H-NMR (500.0
MHz, CDCl3, d): 7.85–6.86 (m, 30H, C6H5), 5.09 (s,
1H, C�CHaHb), 4.97 (s, 1H, C�CHaHb), 4.18 (sept,
3JHH=6.4 Hz, 1H, CH–(CH3)2), 3.49 (ddd, 2JPH=
23.5, 2JPH=13.4, 2JHH=3.0, 1H, P–CH2–P), 2.89 (m,
1H, P–CH2–P), 2.00 (d, 2JHH=16.8 Hz, 1H,
(O)CCHcHd), 1.82 (d, 2JHH=16.8 Hz, 1H,
(O)CCHcHd), 0.89 (d, 3JHH=6.1 Hz, 3H,
CH(CH3)CH3), 0.78 (d, 3JHH=6.1 Hz, 3H,
CH(CH3)CH3). 13C{1H} NMR (125.65 MHz, CDCl3,
d): 301.4 (td, 2JPC=21.0 Hz, 3JPC=Hz, m-CO), 219.8
(t, 2JPC=24.0 Hz, CO), 218.3 (t, 2JPC=18.5 Hz, CO),
217.5 (s, CO), 213.3 (s, CO), 170.8 (s, Co(O)–OPri),
148.2 (s, Cb�CH2), 141.4–127.6 (m, C6H5), 133.3 (d,
4JPC=7.6 Hz, C�CgH2), 67.2 (s, CH(CH3)2), 35.6 (m,
CdHH–C(O)OPri and P–CH2–P), 21.7 (s,
CH(CH3)CH3), 21.5 (s, CH(CH3)CH3). Anal. Calc. for
C49H43Fe2O7P3: C, 62.05; H, 4.57. Found: C; 62.37; H,
5.08.

2.1.9. Synthesis of [Fe2(CO)4(m-PPh2)(m-dppm)-
(m-O�C–C{CH2}–CH2–C(O)NHPh)] (3d)

Prepared following the procedure used for 3a except
1d and dppm were heated in toluene at 85°C for 3 h.
Isolated as orange–red crystals in 65% yield from a
dichloromethane solution layered with n-hexane at r.t.
IR (n(CO), cm−1, C6H14): 1990 s, 1957 s, 1921 m, 1912
w. 31P{1H} (121.498 MHz, CDCl3, d): 210.3 (dd,
2JPP=54.1 Hz, 2JPP=111.2 Hz, m-PPh2), 53.4 (dd,
2JPP=54.1 Hz, 2JPP=60.6 Hz, dppm), 44.1 (dd, 2JPP=
111.2 Hz, 2JPP=60.6 Hz, dppm). 1H-NMR (500.0
MHz, CDCl3, d): 7.91–6.78 (m, 35H, C6H5), 6.40 (s,
1H, NH), 5.17 (s, 1H, C�CHaHb), 5.07 (s, 1H,
C�CHaHb), 3.57 (m, 1H, P–CHH–P), 2.84 (dd, 2JPH=
10.7 Hz, 2JPH=22.6 Hz, 1H, P–CH2–P), 1.90 (d,
2JHH=15.9 Hz, 1H, (O)CCHcHd), 1.83 (d, 1H, 2JHH=
15.0 Hz, (O)CCHcHd). 13C{1H}-NMR (125.65 MHz,
CDCl3, d): 303.9 (br t, 2JPC=23.2 Hz, m-acyl), 219.3 (t,
2JPC=23.2 Hz, CO), 218.1 (t, 2JPC=18.1 Hz, CO),
217.5 (s, CO), 213.2 (s, CO), 168.3 (s, C(O)–NHPh),
149.0 (s, C�CH2), 142.0–123.8 (m, C6H5), 133.3 (d,
4JPC=8.0 Hz, C�CH2), 39.4 (m, CH2–C(O) and P–
CH2–P). Anal. Calc. for C52H42Fe2NO6P3:C, 63.63; H,
4.31; N, 1.43. Found: C; 63.67; H, 4.90; N, 1.40.

2.1.10. Synthesis of [Fe2(CO)4{P(OMe)3}(m-PPh2)-
(m-h1(C):h2(C):h1(O)–{MeO(O)CH2}C�CH2)] (5a)

Thermolysis of a toluene solution (20 ml) of
[Fe2(CO)5{P(OMe)3}(m -PPh2)(m -h1:h2 -{MeO(O)CH2}-
C�CH2)] (4a) (0.200 g, 0.303 mmol) for 6 h resulted in
a gradual darkening of the solution. Removal of the
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volatiles gave a dark red solid which was chro-
matographed on alumina, eluting with n-hexane–
dichloromethane (60:40, v/v), to give a major band
which afforded 5a as deep red crystals in 70% yield
(0.134 g) after crystallisation by slow diffusion of n-
hexane into a concentrated dichloromethane solution.
IR (n(CO), cm−1, C6H14): 2004 m, 1952 m, 1928 s,
1905 w, 1660 w. 31P{1H} (121.498 MHz, CDCl3, d):
184.4 (d, 2JPP=122.6 Hz, m-PPh2), 172.8 (d, 2JPP=
122.6 Hz, P(OMe)3). 1H-NMR (500.0 MHz, CDCl3, d):
7.48–7.06 (m, 10H, C6H5), 3.96 (d, 2JHH=20.3 Hz, 1H,
CHcHdC(O)Me), 3.70 (s, 3H, OCH3), 3.50 (d, 2JPH=
11.0 Hz, 9H,P(OCH3)3), 3.10 (dd, 2JHH=21.7 Hz,
4JPH=2.7 Hz, CHcHdC(O)Me), 2.80 (ddd, 2JHH=2.4
Hz, 3JPH=8.3 Hz, 3JPH=11.3 Hz, 1H, C�CHaHb), 2.20
(br t, 3JPH,=7.4 Hz, C�CHaHb). 13C{1H} NMR (125.7
MHz, CDCl3, d): 219.3 (dd, 2JPC=15.0 Hz, 2JPC=39.0
Hz, CO), 218.7 (dd, 2JPC=21.0 Hz, 2JPC=23.0 Hz,
CO), 217.8 (d, 2JPC=12.4 Hz, CO), 215.1 (d, 2JPC=
14.4 Hz, CO), 186.4 (s, C(O)Me), 168.3 (d, 2JPC=28.9
Hz, C�CH2), 141.4–127.2 (m, C6H5), 62.8 (br t, 2JPC=
2JPC=8.0 Hz, C�CH2), 53.5 (s, OCH3), 52.7 (s,
CH2C(O)Me), 51.9 (d, 2JPC=5.2 Hz, P(OCH3)3). Anal.
Calc. for C24H26Fe2O9P2·CH2Cl2: C, 41.87; H, 3.94.
Found: C, 42.03; H, 3.74.

Compounds 5b–c were prepared according to the
procedure described above for 5a.

2.1.11. Synthesis of [Fe2(CO)4{P(OMe)3}(m-PPh2)-
(m-h1(C):h2(C):h1(O){EtO(O)CH2}C�CH2)] (5b)

Isolated as red crystals in 67% yield by slow diffusion
of n-hexane into a dichloromethane solution. IR
(n(CO), cm−1, C6H14): 2004 m, 1952 m, 1927 s, 1907 w,
1653 w. 31P{1H} (121.498 MHz, CDCl3, d): 184.5 (d,
2JPP=120.0 Hz, m-PPh2), 172.5 (d, 2JPP=120.0 Hz,
P(OMe)3). 1H-NMR (500.0 MHz, CDCl3, d): 7.45–7.08
(m, 10H, C6H5), 4.13 (br d, 3JHH=27.2 Hz, 2H,
OCH2CH3), 3.95 (br d, 2JHH=21.4 Hz, 1H,
CHcHdC(O)Me), 3.51 (br d, 2JPH=8.5 Hz, 9H,
P(OCH3)3), 3.09 (br d, 2JHH=21.4 Hz,
CHcHdC(O)Me), 2.80 (br s, C�CHaHb), 1.87 (br s,
C�CHaHb), 1.20 (br s, 3H, OCH2CH3). 13C{1H}-NMR
(125.7 MHz, CDCl3, d): 219.1 (dd, 2JPC=16.6 Hz,
2JPC=42.3 Hz, CO), 218.6 (dd, 2JPC=21.7 Hz, 2JPC=
22.7 Hz, CO), 218.1 (d, 2JPC=10.4 Hz, CO), 215.0 (d,
2JPC=14.4 Hz, CO), 186.1 (s, C(O)Et), 168.5 (d,
2JPC=28.9 Hz, C�CH2), 141.5–127.2 (m, C6H5), 63.5
(s, OCH2CH3), 62.7 (s, C�CH2), 52.9 (s, CH2C(O)Et),
51.9 (d, 2JPC=5.2 Hz, P(OCH3)3), 13.9 (s, OCH2CH3).
Anal. Calc. for C25H28Fe2O9P2.CH2Cl2: C, 42.72; H,
4.14. Found: C, 43.04; H, 4.10.

2.1.12. Synthesis of [Fe2(CO)4{P(OMe)3}(m-PPh2)-
(m-h1(C):h2(C):h1(O){ iPrO(O)CH2}C�CH2)] (5c)

Isolated as red crystals in 63% yield by slow diffusion
of n-hexane into a dichloromethane solution. IR

(n(CO), cm−1, C6H14): 2004 m, 1952 m, 1927 s, 1903 w,
1647 w. 31P{1H} (121.498 MHz, CDCl3, d): 184.6 (d,
2JPP=113.2 Hz, m-PPh2), 172.1 (d, 2JPP=113.2 Hz,
P(OMe)3). 1H-NMR (500.0 MHz, CDCl3, d): 7.47–7.07
(m, 10H, C6H5), 4.96 (sept, 3JHH=6.1 Hz, 1H,
OCH(CH3)2), 3.92 (d, 2JHH=21.7 Hz, 1H,
CHcHdC(O)iPr), 3.52 (d, 2JPH=10.7 Hz, 9H,
P(OCH3)3), 3.06 (d, 2JHH=21.7 Hz, CHcHdC(O)iPr),
2.80 (br t, 3JPH=3JPH=9.8 Hz, C�CHaHb), 2.20 (br t,
3JPH=3JPH=Hz, C�CHaHb), 1.20 (d, 3JHH=6.5 Hz,
3H, OCH(CH3)CH3), 1.16 (d, 3JHH=6.5 Hz, 3H,
OCH(CH3)CH3) 13C{1H}-NMR (125.7 MHz, CDCl3,
d): 219.2 (dd, 2JPC=7.8 Hz, 2JPC=44.4 Hz, CO), 218.7
(dd, 2JPC=20.7 Hz, 2JPC=23.7 Hz, CO), 218.2 (d,
2JPC=16.6 Hz, CO), 214.9 (d, 2JPC=18.6 Hz, CO),
185.6 (s, C(O)Pri), 168.5 (s, C�CH2), 141.7–127.2 (m,
C6H5), 71.8 (s, OCH(CH3)2), 62.6 (s, C�CH2), 53.3 (s,
CH2C(O)Et), 51.9 (br s, P(OCH3)3), 21.7 (s,
OCH(CH3)CH3), 21.6 (s, OCH(CH3)CH3). Anal. Calc.
for C26H30Fe2O9P2: C, 47.30; H, 4.58. Found: C, 47.12;
H, 4.55.

2.1.13. Synthesis of [Fe2(CO)4(m-PPh2)-
{P(OMe)3}2(m-h1(C):h2(C)–{MeO(O)CCH2}C�CH2)]
(6a)

Heating a toluene solution (20 ml) of [Fe2(CO)5(m-
PPh2)(m-h1(C):h2(C):h1(O)–{MeO(O)CCH2}C�CH2)]
(1a) (0.200 g, 0.373 mmol) and trimethyl phosphite
(0.090 ml, 0.746 mmol) at 75°C for 3 h, resulted in a
colour change from orange to deep red. The solvent
was removed to give a red solid which was purified by
column chromatography, eluting with, n-hexane/
dichloromethane (40:60, v/v) to give 6a as a single
major band. Slow diffusion of n-hexane into a concen-
trated dichloromethane solution gave orange crystals of
6a in 70% yield (0.200 g). IR (n(CO), cm−1, C6H14):
2004 s, 1963 s, 1932 s, 1915 w. 31P{1H} (121.498 MHz,
CDCl3, 273 K, d): 183.4 (d, 3JPP=39.1 Hz P(OMe)3,
6a1), 181.2 (d, 2JPP=108.7 Hz, P(OMe)3, 6a1), 180.3 (d,
2JPP=103.8 Hz, P(OMe)3, 6a2), 177.5 (t, 2JPP=2JPP=
103.8 Hz, PPh2, 6a2), 170.6 (d, 2JPP=103.8 Hz,
P(OMe)3, 6a2), 149.0 (dd, 2JPP=108.7, 39.1 Hz, PPh2,
6a1). 1H-NMR (500.0 MHz, CDCl3, d): 7.62–7.10 (m,
10H, C6H5), 4.19 (d, 3JPH=11.9 Hz, 1H, (O)CCHcHd),
3.59 (d, 3JPH=11.0 Hz, 18H, P(OCH3)3), 3.02 (br m,
1H, C�CHaHb), 2.84 (br m, 1H, (O)CCHcHd), 2.22 (s,
1H, C�CHaHb). Anal. Calc. for C27H35Fe2O12P3: C,
42.89; H, 4.67. Found: C; 43.01; H, 4.39.

Compounds 6b–c were prepared according to the
procedure described above for 6a.

2.1.14. Synthesis of [Fe2(CO)4(m-PPh2){P(OMe)3}2(m-
h1(C):h2(C)–{EtO(O)CCH2}C�CH2)] (6b)

Isolated as deep orange crystals in 65% yield by slow
diffusion of methanol into a concentrated
dichloromethane solution at r.t. IR (n(CO), cm−1,
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C6H14): 2004 s, 1963 s, 1932 s, 1915 w. 31P{1H} (121.498
MHz, CDCl3, d): 183.3 (br s, P(OMe)3, major isomer),
180.7 (d, 2JPP=76.4 Hz, P(OMe)3, major and minor
isomers), 175.9 (br s, PPh2, minor isomer), 170.9 (br s,
P(OMe)3, minor isomer), d 148.4 (br s, PPh2, major
isomer). 1H-NMR (500.0 MHz, CDCl3, d): 7.62–7.09
(br m, 10H, C6H5), 4.20 (d, 3JPH=16.2 Hz, 1H,
(O)CCHcHd), 4.16–4.10 (m, 2H, OCH2CH3), 3.59 (d,
3JPH=11.0 Hz, 18H, P(OCH3)3), 3.05 (br m, 1H,
C�CHaHb), 2.83 (br m, 1H, (O)CCHcHd), 2.30 (s, 1H,
C�CHaHb), 1.29 (t, 3JHH=7.0 Hz, 3H, OCH2CH3).

2.1.15. Synthesis of [Fe2(CO)4(m-PPh2)-
{P(OMe)3}2(m-h1(C):h2(C)–{ iPrO(O)CCH2}C�CH2)]
(6c)

Isolated as orange crystals in 64% yield by slow
diffusion of n-hexane into a concentrated dichloro-
methane solution. IR (n(CO), cm−1, C6H14): 2004 s,
1963 s, 1932 s, 1915 w. 31P{1H} (121.498 MHz, CDCl3,
d): 183.3 (br s, P(OMe)3, major isomer), 180.8 (br s,
P(OMe)3, major and minor isomers), 175.2 (br, s, m-
PPh2, minor isomer), 170.9 (br s, P(OMe)3, minor iso-
mer), d 147.3 (br s, m-PPh2, major isomer). 1H-NMR
(500.0 MHz, CDCl3, d): 7.83–7.09 (br m, 10H, C6H5),
4.94 (br m, 1H, CH(CH3)2), 4.15 (d, 3JPH=13.1 Hz, 1H,
(O)CCHcHd), 3.59 (d, 3JPH=11.0 Hz, 18H, P(OCH3)3),
3.08 (br m, 1H, C�CHaHb), 2.82 (br m, 1H,
(O)CCHcHd), 2.26 (s, 1H, C�CHaHb), 1.28 (d, 3JHH=

6.1 Hz, 3H, CH(CH3)2), 1.23 (d, 3JHH=6.1 Hz, 3H,
CH(CH3)2).

2.2. X-ray crystallographic studies

All measurements were made on a Bruker AXS
SMART CCD area-detector diffractometer, at 160 K,
using graphite-monochromated Mo–Ka radiation (l=
0.71073 A, ) and narrow frame exposures (0.3° in v). Cell
parameters were refined from the observed v angles of
all strong reflections in each data set. Intensities were
corrected semiempirically for absorption based on sym-
metry-equivalent and repeated reflections. The struc-
tures were solved by direct methods and refined on F2

values for all unique data by full-matrix least squares.
Table 1 gives further details. All non-hydrogen atoms
were refined anisotropically. H-atoms, located in differ-
ence maps, were constrained with a riding model except
for those attached to C(1) and C(3) in 5a, and C(1) in
6a, which had their coordinates refined freely because of
non-standard geometry; U(H) was set to 1.2 (1.5 for
methyl groups) times Ueq for the parent atom. Highly
disordered CH2Cl2 solvent, estimated as half a molecule
per molecule of complex 3a, was treated by the SQUEEZE

option of PLATON [13a]. Other programs used were
Bruker AXS SMART and SAINT for diffractometer con-
trol and frame integration [13b], Bruker SHELXTL for
structure solution, refinement and molecular graphics
[13c], and local programs.

Table 1
Summary of crystal data and structure determination for compounds 2a, 3a, 5a and 6a

6a5aCompound 2a 3a·0.5CH2Cl2

C25H28Cl2Fe2O9P2C47H39Fe2O7P3.0.5CH2Cl2C48H41Fe2O7P3 C27H35Fe2O12P3Formula
962.9 717.0Mr 756.2934.4
173 160Temperature (K) 160 160

MonoclinicMonoclinicOrthorhombicMonoclinicCrystal system
P21/n P21/cSpace group C2/c Pbcn
8.7969(5) 20.4629(14)a (A, ) 44.912(2) 11.7295(14)

24.299(3) 20.1332(11)b (A, ) 11.3227(5) 9.7074(6)
31.701(4) 17.1050(9) 17.8652(12)17.9056(8)c (A, )

98.168(1)b (°) 110.746(2) 113.783(2)
3247.4(4)2998.7(3)9035.4(18)8515.1(7)V (A, 3)

8 4Z 8 4
0.86 1.30m (mm−1) 0.85 1.10

28.828.9 28.828.8umax (°)
1954018828Reflections measured 26256 55092
7672708711 10810 022Unique reflections

8495 5164Reflections with F2\2s(F2) 7507 6303
0.0560 0.0446Rint (on F2) 0.0479 0.0292

411405533542No. of parameters
0.0479 0.0560 0.0375 0.0354R a [I\2s(I)]

0.09480.08740.11970.1103wR b (all data)
1.0980.965GOF c (S) 1.043 1.109
0.52, −0.310.59, −0.71Max, min diff map (e A, −3) 0.93, −0.61 0.48, −0.56

a Conventional R=S��Fo�−�Fc��/S�Fo� for ‘observed’ reflections having Fo
2\2s(Fo

2).
b wR= [S(Fo

2−Fc
2)2/Sw(Fo

2)2]1/2 for all data.
c GOF= [Sw(Fo

2−Fc
2)2/(no. unique reflections−no. of parameters)]1/2.
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Scheme 3.

3. Results and discussion

3.1. Migratory insertion reactions: synthesis and charac-
terisation of bridging acyl complexes

Thermolysis of a toluene solution of [Fe2(CO)5(m-
PPh2)(m - h1(O):h1(C):h2(C)–{NuC(O)CH2}C�CH2)]
(1a–e) and 1,2-bis(diphenylphosphino)ethane (dppe) re-
sults in carbonyl migration and formation of acyl-
bridged [Fe2(CO)4(h2-dppe)(m-PPh2)(m-C�O{C�CH2}-
CH2C(O)Nu)] (2a–e), as the sole products. The reac-
tion is conveniently monitored by TLC and IR spec-
troscopy, with the appearance of a new n(C�O) band at
1560 cm−1 typical of a carbonyl absorption of a bridg-
ing acyl ligand. Complexes 2a–e were purified by
column chromatography and characterised by 1H-,
31P{1H}- and 13C{1H}-NMR spectroscopy and in the
case of 2a single-crystal X-ray crystallography. The
1H-NMR spectra of 2a–e contain four distinct sets of
resonances, two doublets in the region d 1.6–2.2 with a
geminal coupling constant of ca. 16 Hz, corresponding
to the diastereotopic methylene protons adjacent to the
ester/amide carbonyl, and two singlets in the region d

5.6–6.2 associated with the vinyl portion of the acyl
bridge. The 31P{1H}-NMR spectrum of 2a contains a
low-field doublet of doublets at d 167.9 (2JPP=123.0
Hz, 2JPP=11.0 Hz) and further doublets of doublets at
d 85.9 (2JPP=123.0, 23.1Hz) and 79.4 (2JPP=23.1, 11.0
Hz). The magnitude of the phosphorus–phosphorus
coupling constants is a firm indication that the dppe
acts in a cis chelating fashion with one phosphorus cis
and the other trans to the phosphido-bridge [14]. In the
13C{1H}-NMR spectrum, a low-field signal at d 288.7
corresponds to the acyl carbon and is in the region
characteristic of a m-acyl bridging ligand [15]. Addition
of dppe to 1a–e is expected to result in displacement of
the coordinated ester carbonyl, as has previously been
observed with trimethylphosphite [12] (vide infra), fol-
lowed by an intramolecular phosphine promoted car-
bonyl migration to give 2a–e (Scheme 3). A
31P{1H}-NMR spectrum of a toluene solution of 1a and
a slight excess of dppe, recorded before heating, con-
tained three distinct well-separated signals, a low-field
doublet at d 173.1 (2JPP=113. 2 Hz), for the phosphido

bridge, a doublet of doublets at d 42.1 (2JPP=113.2,
34.1 Hz) and a high-field doublet at d −18.1 (2JPP=
34.1 Hz), which most likely correspond to the coordi-
nated and uncoordinated phosphorus centres of the
h1-dppe complex I, respectively. Thermolysis of this
mixture resulted in smooth conversion to the m-acyl
complex 2a.

Under similar conditions 1a–d react with dppm via
loss of CO and 1,2-migratory insertion to give the
corresponding dppm-acyl-bridged derivatives
[Fe2(CO)4(m - dppm)(m - PPh2)(m - C�O{C�CH2}CH2C-
(O)R)] (3a–d). The 1H- and 13C{1H}-NMR spectra are
qualitatively similar to those of 2a–d. For instance, the
31P{1H}-NMR spectrum of 3a contains a low-field dou-
blet of doublets at d 209.9 (2JPP=110.8, 54.7 Hz) and
high-field doublets of doublets at d 53.2 (2JPP=54.7,
60.0 Hz) and 44.1 (2JPP=110.8, 60.0 Hz), which corre-
spond to the phosphido group and the inequivalent
ends of the dppm, respectively. The magnitude of the
phosphorus–phosphorus coupling constants suggests a
trans arrangement of the bridging phosphido group and
dppm. Although both cis and trans arrangements of the
phosphorus containing ligands in dppm-phosphido
bridged diiron complexes are possible [14], the most
common stereochemistry appears to be that in which
the phosphorus ligands adopt a trans arrangement. In
the case of 1a in which the ester coordinated carbonyl
occupies a site trans to the phosphido-bridge the forma-
tion of 3a can be most aptly considered as a carbonyl
displacement reaction with retention of stereochemistry
at iron, presumably via an h1-dppm intermediate.

Full structural details of the bridging acyl ligand and
the mode of coordination of the diphosphine were
provided by single-crystal X-ray analyses of 2a and 3a.
Perspective views of the molecular structures of 2a and
3a, together with the atomic numbering scheme, are
illustrated in Figs. 1 and 2, respectively, and a selection
of bond lengths and angles for both compounds is
listed in Table 2. The two iron atoms in 2a are sepa-
rated by a distance of 2.6928(5) A, and bridged asym-
metrically by a phosphido ligand [Fe(1)–P(3)=
2.2393(8) A, ; Fe(2)–P(3)=2.2091(7) A, ] and a 3-electron
donor a,b-unsaturated acyl ligand, oxygen bound to
Fe(2) [Fe(2)–O(1)=1.9820(17) A, ] and carbon bound
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to Fe(1) [Fe(1)–C(1)=1.955(2) A, ]. The acyl C(1)–O(1)
bond length of 1.266(2) A, is similar to previously
reported values [6b,17,18] and longer than a typical
conjugated C–O double bond. The remaining carbon–
carbon bonds within the bridging acyl ligand [C(2)–
C(3)=1.330(4) A, and C(2)–C(4)=1.515(4) A, ,
C(4)–C(5) 1.494(4) A, ] are consistent with localised

Table 2
Selected bond lengths (A, ) and bond angles (°) for 2a and 3a

2a 3a

Bond lengths
Fe(1)–Fe(2) 2.6928(5) 2.6394(5)Fe(1)–Fe(2)
Fe(1)–P(3) Fe(1)–P(3) 2.1950(8)2.2393(8)

2.2091(7) Fe(2)–P(3) 2.2026(8)Fe(2)–P(3)
2.2222(8)Fe(1)–P(1)Fe(2)–P(1) 2.2350(7)

Fe(2)–P(2) 2.2086(8) Fe(2)–P(2) 2.2596(8)
Fe(1)–C(1) 1.955(2) Fe(1)–C(1) 1.952(3)

Fe(2)–O(1)1.9820(17) 1.9915(17)Fe(2)–O(1)
C(1)–O(1) 1.266(3) C(1)–O(1) 1.274(3)

1.494(4)C(1)–C(2)C(1)–C(2) 1.501(4)
1.330(4) 1.326(4)C(2)–C(3)C(2)–C(3)
1.515(4) 1.510(3)C(2)–C(4)C(2)–C(4)

C(4)–C(5) 1.494(4) C(4)–C(5) 1.495(4)
1.197(4)C(5)–O(2)1.191(3)C(5)–O(2)

C(5)–O(3) 1.325(4) C(5)–O(3) 1.351(3)

Bond angles
Fe(1)–P(3)–Fe(2) 74.50(2) Fe(1)–P(3)–Fe(2) 73.77(3)
P(3)–Fe(2)–P(2) 110.71(3) 143.03(3)P(3)–Fe(1)–P(1)

161.18(3) P(3)–Fe(2)–P(2) 152.45(3)P(3)–Fe(2)–P(1)
112.5(2)O(1)–C(1)–C(2)P(3)–Fe(2)–C(10) 96.58(8)

113.6(2) 122.6(2)C(1)–C(2)–C(3)O(1)–C(1)–C(2)
120.7(2) 116.7(2)C(1)–C(2)–C(4)C(1)–C(2)–C(3)

C(4)–C(5)–O(3) 112.2(3) C(4)–C(5)–O(3) 110.3(3)
125.5(3) C(4)–C(5)–O(2)C(4)–C(5)–O(2) 126.7(3)

O(2)–C(5)–O(3) 122.3(3) O(2)–C(5)–O(3) 123.0(3)

Fig. 1. Molecular structure of [Fe2(CO)4(h2-dppe)(m-PPh2)(m-
C�O{C�CH2}CH2C(O)OMe)] (2a). Phenyl hydrogen atoms and the
CH2Cl2 molecule of crystallisation have been omitted. Carbonyl
carbons have the same numbers as oxygen atoms.

double and single bonds. These carbon–carbon and
carbon–oxygen bond lengths are similar to values re-
ported previously in related a,b-unsaturated acyl com-
plexes such as [Fe2(CO)4(m-PPh2)(m-dppm)(m-O�C–C-
(Ph)�CHPh)] [6h], [Fe2(CO)6(m-SBut)(m-O�C–C-
(OEt)�CH2)] [6b] and [Fe2(CO)4(m-dppm)(m-PCy2)(m-
O�C–C(Ph)�CH2)] [17]. In a number of cases the bond
length pattern in a,b-unsaturated acyl complexes is best
described as delocalised to account for the near equal
lengths of the carbon–carbon bonds [6,11i]. In a typical
example, the two carbon–carbon bonds in the a,b-un-
saturated acyl bridge in [Fe2(CO)5{P(OMe)3}(m-
PPh2){m-O�C–CH�CMe(NHR)}] (R= iPr, CH2Ph)
[11i] are of similar length and the carbon–nitrogen
bond length is in the region characteristic of an
iminium salt. This bond length equivalence is most
likely due to the presence of an amino group at the
three-position which forms an extended delocalised sys-
tem. The dppe coordinates in a chelating manner with
one arm binding trans [P(1)–Fe(2)–P(2)=161.18(3)°]
and the other cis [P(2)–Fe(2)–P(2)=110.71(3)°] to the
phosphido-bridge, consistent with the JPP couplings of
123.0 and 11.0 Hz, respectively. The bridging acyl
ligand is cis to the phosphido and the carbonyl C(1)–
O(1) lies approximately parallel to the iron–iron bond,
the largest deviation form the least squares mean plane
containing Fe(1), Fe(2), C(1), O(1) being 0.031 A, . The
core structural features of 2a and 3a, in particular the
cis disposition of the phosphido-bridge and the acyl

Fig. 2. Molecular structure of [Fe2(CO)4(m-dppm)(m-PPh2)(m-
C�O{C�CH2}CH2C(O)OMe)] (3a), Phenyl hydrogen atoms have
been omitted. Carbonyl carbons have the same numbers as oxygen
atoms.
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group, the bond lengths and angles within the bridging
hydrocarbyl ligand and the metal–metal and metal–
phosphido are essentially the same. The most striking
difference between the structures of 2a and 3a is a
lengthening of the Fe–O bond from 1.9820(17) A, in 2a
to 1.9915(17) A, in 3a (D=0.0095 A, ). The molecular
structure of 3a clearly shows the trans arrangement of
the phosphido-bridge and the diphosphine [P(3)–Fe(1)–
P(1)=143.03(3)°, P(3)–Fe(2)–P(2)=152.45(3)°].

A number of binuclear complexes bridged by an
a,b-unsaturated acyl ligand have appeared in the litera-
ture and in the vast majority of cases this ligand acts as
a bridging three-electron donor by binding through the
carbonyl oxygen and carbon atoms, in this regard 2a–e
and 3a–d are unexceptional. The most straightforward
route to a,b-unsaturated acyl complexes involves migra-
tory insertion of CO into the s-bond of a binuclear
s-h-alkenyl binuclear complex, although alternative
methods have been developed and include: reaction of
an acid chloride with Na[Fe2(CO)6(m-PPh2)] [6b], car-
bonylative amination of the multi-site bound acetylide
[Fe2(CO)6(m-PPh2)(m-h1:h2-C�CR)] [6g], carbonylation
of the alkylidene bridged [Fe2(CO)5{P(OMe)3}(m-
PPh2)(m-CHCMe(NHR)}] [11i] and reaction of
[NEt3H][Fe2(CO)6(m-CO)(m-SR)] with alkynes or
vinylmercuric halides [6c,d].

Seyferth has suggested that the stability of thiolate
bridged a,b-unsaturated acyl (vinyl acyl) complexes of
the type [Fe2(CO)6(m-SR)(m-h1:h1-O�C–CH�CR1R2)] is
related to the electron-donating ability of the substi-
tuted vinyl group attached to the bridging acyl carbon
atom. The most stable a,b-unsaturated acyl complexes
are those with two alkyl substituents on the C�C double
bond, whereas those with only a single alkyl or aryl
substituent attached to the b-carbon atom readily lose
CO to afford the corresponding alkenyl bridged deriva-
tive, with first order kinetics. In contrast, phosphido-
bridged a,b-unsaturated acyl complexes are, in general,
more stable with respect to loss of CO. For instance,
[Fe2(CO)4(m-dppm)(m-PPh2){m-O�C–C(Ph)�CH2}] [6h]
and [Fe2(CO)5{P(OMe)3}(m-PPh2)(m-O�C–CH�CMe-
(NHR)}] (R= iPr, CH2Ph) [11i] are both stable in
refluxing toluene for prolonged periods, with no evi-
dence for loss of CO. Similarly 3a–e are stable under
these conditions, with no evidence for decarbonlyation
even after 12 h at reflux. Although we cannot yet
provide a definitive explanation for the stability of 3a–e,
with respect to decarbonylation, it is tempting to suggest
that the presence of a bulky substituent on the a-carbon
atom is an important factor, as has previously been
noted by Seyferth [6b–d].

3.2. Carbonyl substitution reactions

We have shown previously that trimethylphosphite
readily displaces the metal-coordinated ester carbonyl in

the b,g-unsaturated esters and amides [Fe2(CO)5(m-
PPh2)(m - h1(O):h1(C):h2(C) – {ROC(O)CH2}C�CH2}]
(1a–c) to give the corresponding alkenyl complexes
[Fe2(CO)5{P(OMe)3}(m-PPh2)(m-h1:h2-{ROC(O)CH2}-
C�CH2}] (4a–c) [12]. The solid-state structure of
[Fe2(CO)5{P(OMe)3}(m-PPh2)(m-h1:h2-{iPrOC(O)CH2}-
C�CH2}] (4c) showed that the trimethylphosphite occu-
pies a site trans to the phosphido-bridge, revealing that
the displacement occurs with retention of stereochem-
istry at iron. In an extension of these studies we have
reacted 1a–c with excess trimethylphosphite in an at-
tempt to promote stepwise displacement and carbonyl
migration to generate the corresponding phosphite sub-
stituted a,b-unsaturated acyl complexes. Heating tolu-
ene solutions of 1a–c and trimethylphosphite results in
substitution of the ester coordinated carbonyl to give
[Fe2(CO)5{P(OMe)3}(m-PPh2)(m-h1:h2-{ROC(O)CH2}-
C�CH2}] (4a–c) followed by carbonyl substitution to
give the s-h-alkenyl derivatives [Fe2(CO)4{P(OMe)3}2-
(m-PPh2)(m-:h1:h2-{ROC(O)CH2}C�CH2}] (6a–c). No-
tably, there was no evidence for migratory insertion to
give the corresponding a,b-unsaturated acyl complexes.

In earlier work, Hogarth showed that thermolysis of
a toluene solution of the a-phenyl ethenyl complex
[Fe2(CO)4(m-dppm)(m-PPh2)(m-PhC�CH2)] afforded
three products, one of which was [Fe2(CO)3(m-dppm)(m-
PPh2){m-O�C–C(Ph)�CH2}], bridged by a five-elecron
donor a,b-unsaturated acyl [10]. This prompted us to
examine the thermal stability of [Fe2(CO)5{P(OMe)3}(m-
PPh2)(m-h1:h2-{ROC(O)CH2}C�CH2}] (4a–c), specifi-
cally to examine its conversion into 6a–c and/or
possibility of promoting carbonyl migration to form
similar five-electron donor acyl derivatives. Thermolysis
of toluene solutions of 4a–c resulted in loss of CO and
coordination of the ester carbonyl to form complexes
[Fe2(CO)4{P(OMe)3}(m - PPh2)(m - h1(O):h1(C):h2(C)–
{ROC(O)CH2}C�CH2}] (5a–c). Coordination of the
ester carbonyl was clearly evident from the IR spectrum,
which showed a shift of the carbonyl band from 1735
cm−1 in 4a to 1660 cm−1 in 5a. The 31P{1H}-NMR
spectrum of 5a contains doublets at d 184.4 and 172.8
(2JPP=122.6 Hz), the magnitude of the coupling con-
stant confirming a trans arrangement of the phosphorus
containing ligands. The 1H-NMR spectrum contains
four multiplets associated with the hydrocarbyl bridge.
The alkenyl protons appear as multiplets at d 2.80 and
2.20 and the diastereotopic methylene protons as a
doublet at d 3.96 (2JHH=20.3 Hz) and doublet of
doublets at d 3.10 (2JPP=20.3, 4JPH=2.7 Hz). The 13C
signals associated with the m-h1:h2-alkenyl ligand in
5a–c appear in the region expected for such ligands and
are similar to those in 1a–c. Isolation of 5a–c suggests
that it is a likely intermediate in the formation of 6a–c
from 1a–b and trimethylphosphite. Indeed, treatment of
a deep red dichloromethane solution of 5a–c with
trimethylphosphite at room temperature results in
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Scheme 4.

3.3. Variable temperature NMR studies

The room temperature 31P{1H}-NMR spectrum of
[Fe2(CO)4{P(OMe)3}2(m - PPh2)(m - C�O{C�CH2}CH2C-
(O)R)] (6a) contains a sharp doublet at d 186.2 and
several exchange broadened signals at d 149, 170, 176
and 183. To investigate this exchange process further a
variable temperature 31P{1H}-NMR study was under-
taken. The low temperature limiting spectrum of 6a
(Fig. 3) reveals two distinct sets of signals that corre-
spond to a 60:40 mixture of two isomers in slow
exchange, herein referred to as 6a1 and 6a2, respectively
[	, major isomer 6a1; �, minor isomer 6a2]. One set
comprises a doublet of doublets at d 149.0 (2JPP=
108.7, 39.1 Hz) and two doublets at d 183.4 (2JPP=39.1
Hz) and 181.2 (2JPP=108.7 Hz) and the other a triplet
at d 177.5 (2JPP=2JPP=103.8 Hz) and two doublets at
d 170.6 (2JPP=103.8 Hz) and 180.3 (2JPP=103.8 Hz).
The disparate magnitudes of the phosphorus–phospho-
rus coupling constants associated with the former set of
resonances strongly suggests that one of the
trimethylphosphites in this isomer, 6a1, is located cis to
the phosphido bridge and the other trans, whereas the
similarity in the phosphorus–phosphorus coupling con-
stants in the latter set is consistent with both
trimethylphosphites trans to the phosphido bridge, i.e.
isomer 6a2. Clearly these two isomers are related by a

displacement of the ester coordinated carbonyl and
quantitative conversion into orange–yellow 6a–c
within 10 min (Scheme 4). This transformation is most
conveniently monitored by IR spectroscopy which
clearly shows the disappearance of the band corre-
sponding to the coordinated ester carbonyl (1660
cm−1) and the appearance of a band due to the unco-
ordinated ester carbonyl (1730 cm−1).

Fig. 3. Low temperature limiting 31P{1H}-NMR spectrum of [Fe2(CO)4{P(OMe)3}2(m-PPh2)(m-C�O{C�CH2}CH2C(O)OMe)] (6a) recorded at 253
K showing the assignment of isomers 6a1 and 6a2 [	, isomer 6a1 one P(OMe)3 trans and one cis to PPh2; �, isomer 6a2 both P(OMe)3 trans to
PPh2].
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Scheme 5.

of isomer 6a1 and 6a2 via a restricted trigonal twist at
one of the phosphite substituted iron centres. This
process interchanges one isomer, with both
trimethylphosphites trans to the phosphido bridge
(2JPP=107.6 Hz), with the other isomer, in which one
phosphite occupies the site trans to the iron–iron bond
(2JPP=39.1 Hz), while the other occupies the site trans
to the phosphido-bridge. The free energy of activation
associated with the trigonal twist is close to the re-
ported values of 15.0 kcal mol−1 for [Os3(CO)10-
{P(OMe)3}2] and 13.8 kcal mol−1 for [Os3(CO)9-
{P(OMe)3}3] [16] each of which is significantly higher
than the values reported for [Fe2(CO)5{P(OMe)3}(m-
PPh2){m-C(H)CMe(NHPri)}] (DG‡=of 9.5 kcal mol−1)
and [Fe2(CO)5{P(OMe)3}(m-PPh2){m-O�CCHC�CMe-
(NHCH2Ph)}] (DG‡=10.4 kcal mol−1).

3.4. X-ray crystal structures of [Fe2(CO)4{P(OMe)3}-
(m-PPh2)(m-h1(O):h1(C):h2(C)–{MeOC(O)CH2}-
C�CH2}] (5a) and [Fe2(CO)4{P(OMe)3}2(m-PPh2)-
(m-:h1:h2-{MeOC(O)CH2}C�CH2}] (6a)

A single-crystal X-ray study was carried out to deter-
mine the precise structural features of 5a, the result of
which is shown in Fig. 5, with selected bond lengths
and angles listed in Table 3. The molecular structure
confirms that the ester carbonyl oxygen coordinates to
Fe(2) to form a five-membered metallacycle, such that
O(1) is trans to P(2) [O(1)–Fe(2)–P(2)=153.26(5)°],
with Fe(2)–O(1) [2.0930(16) A, ] and C(4)–O(1)
[1.226(3) A, ] bond lengths similar to those recently
reported for [Fe2(CO)4{h2-C(CO2Me)�CH(CO2Me)�
O}(m-PPh2)(m-dppm)] [14a] and [Fe2(CO)5(m-PPh2)(m-
h1:h2-{iPrOC(O)CH2}C�CH2}] [12b]. The remainder of
the coordination sphere of Fe(2) is completed by the
a-carbon atom of the bridging b,g-unsaturated ester
[Fe(2)–C(2)=1.944(2) A, ] and two carbonyls. The co-
ordination geometry at Fe(1) is trigonal bipyramidal
and consists of two carbonyls, trimethylphosphite,
which occupies the site trans to the phosphido bridge
[P(2)–Fe(1)–P(1)=169.69(3)°], and the C(1)–C(2)
bond [1.395(3) A, ] of the alkenyl group [Fe(1)–C(1)=
2.169(2) A, , Fe(1)–C(2)=2.117(2) A, ].

A single-crystal X-ray analysis of 6a was also under-
taken, to provide full structural details of the bridging
ligand and the positions of substitution of the phos-
phite ligands. The molecular structure is shown in Fig.
6 and a selection of bond lengths and angles is listed in
Table 4. The molecular structure clearly shows two iron
atoms separated by a distance of 2.6128(4) A, and
bridged asymmetrically by a phosphido group [Fe(1)–
P(3)=2.2398(6) A, , Fe(2)–P(3)=2.2225(6) A, ] and a
b,g-unsaturated ester, s-bonded to Fe(2) [Fe(2)–
C(2)=1.984(2) A, ] and h2-bonded to Fe(1) [Fe(1)–C(1)

trigonal twist of one of the Fe(CO)2P fragments
(Scheme 5). As the temperature is raised the two signals
at d 181.2 and 180.3 rapidly coalesce and sharpen into
a doublet at d 180.9 (2JPP=76.8 Hz) while the remain-
ing resonances broaden over a much larger temperature
range. At 253 K the signals belonging to the phos-
phido-bridges (d 177.5 and 149.0) begin to exchange as
do those associated with the remaining trimethylphos-
phites (d 183.4 and 170.6). The temperature dependence
of the 31P{1H}-NMR spectra clearly shows that above
room temperature the two isomers interconvert rapidly.

Not surprisingly the room temperature 1H-NMR
spectrum of 6a consists of four distinct resonances
associated with protons of the bridging b,g-unsaturated
ester; doublets at d 4.3 (J=14.7 Hz) and 3.18 (2JPP=
13.0 Hz) a doublet of doublets at d 2.95 (2JPP=8.0,
14.0 Hz) and a broad unresolved triplet at d 2.25.
Variable temperature 1H-NMR studies revealed that
these signals broaden as the temperature is lowered and
eventually sharpen to give rise to a set of eight near
equal intensity resonances, fully consistent with the
presence of two isomers in slow exchange.

Our interpretation of the variable temperature
31P{1H}-NMR studies has been supported by magneti-
sation transfer experiments (EXSY). An EXSY spec-
trum (Fig. 4), recorded at 278 K, clearly shows that the
signals at d 149.0 and 177.5, associated with the phos-
phido-bridges of the two isomers, exchange. This spec-
trum also shows that the signals at d 183.4 and 181.2,
which correspond to the trimethylphosphites of one
isomer, exchange with those at d 180.3 and 170.6,
respectively, the trimethylphosphites in the other iso-
mer. Exchange rates, extracted from the 2D intensity
matrix using the programme D2DNMR, have been
used to estimate the free energy of activation for this
exchange process [19]. The rate of interconversion of
6a1 to 6a2 is approximately 22 s−1, which equates to a
free energy of activation for the process of 14.4 kcal
mol−1. The absence of exchange peaks between
trimethylphosphites within an isomer clearly suggests
that s,h-alkenyl flipping is slow on the NMR
timescale.

The spectroscopic characteristics described above and
free energy of activation for this exchange are consis-
tent with a dynamic process that involves interchange
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2.154(2) A, ; Fe(1)–C(2)=2.118(2) A, ]. The C(1)–C(2)
bond length of 1.402(3) A, is comparable to values
reported previously for binuclear alkenyl complexes [19]
and is slightly longer than expected for a carbon–
carbon double bond. The coordination sphere of both
iron atoms is completed by two carbonyls and one
trimethylphosphite. The trimethylphosphite located on
Fe(1) is trans to the phosphido-bridge [P(3)–Fe(1)–
P(1)=178.72(3)°] while the other, attached to Fe(2), is
cis to the phosphido bridge [P(2)–Fe(2)–P(3)=
99.40(2)°]. The alkenyl ligand adopts the familiar endo
conformation with respect to the phosphido bridge [20],

presumably to avoid unfavourable steric interactions
between the substituents on Ca and the phenyl rings of
the bridging phosphido group.

We have shown that diiron complexes bridged by
a,b-unsaturated ester and amides react with bidentate
phosphines via a pathway involving site selective
displacement of the ester/amide coordinated carbonyl
trans to the phosphido-bridge to give an h1-dppe
intermediate which then undergoes an intramolecular
phosphine assisted migratory carbonyl insertion to
afford the corresponding a,b-unsaturated ester/amide.
In 2a–e the dppe coordinates in a bidentate manner to

Fig. 4. 31P-EXSY spectrum of [Fe2(CO)4{P(OMe)3}2(m-PPh2)(m-C�O{C�CH2}CH2C(O)OMe)] (6a) recorded at 278 K, showing exchange of
isomer of 6a1 and 6a2.
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Fig. 5. Molecular structure of give [Fe2(CO)4{P(OMe)3}(m-PPh2)(m-
h1(O):h1(C):h2(C)–{NuC(O)CH2}C�CH2}] (5a). Phenyl and
trimethylphosphite hydrogen atoms have been omitted. Carbonyl
carbons have the same numbers as oxygen atoms.

Fig. 6. Molecular structure of give [Fe2(CO)4{P(OMe)3}2(m-PPh2)(m-
C�O{C�CH2}CH2C(O)OMe)] (6a). Phenyl and trimethylphosphite
hydrogen atoms have been omitted. Carbonyl carbons have the same
numbers as oxygen atoms.

Table 3
Selected bond lengths (A, ) and bond angles (°) for 5a

Bond lengths
2.2310(7)Fe(1)–P(2)Fe(1)–Fe(2) 2.6076(5)

Fe(2)–P(2) 2.1707(7) Fe(1)–P(1) 2.1602(7)
2.169(2) 2.117(2)Fe(1)–C(1) Fe(1)–C(2)
1.944(2) 2.0930(16)Fe(2)–C(2) Fe(2)–O(1)

1.805(3)Fe(2)–C(7)Fe(2)–C(6) 1.747(3)
Fe(1)–C(8) 1.755(3) Fe(1)–C(9) 1.778(3)

C(2)–C(3) 1.522(3)C(1)–C(2) 1.395(3)
C(4)–O(1)1.489(3)C(3)–C(4) 1.226(3)

1.319(3)C(4)–O(2)

Bond angles
72.64(2) 169.69(3)Fe(1)–P(2)–Fe(2) P(1)–Fe(1)–P(2)

153.26(5)P(2)–Fe(2)–O(1) P(1)–Fe(1)–C(1) 96.49(7)
93.20(7) 117.7(2)C(1)–C(2)–C(3)P(1)–Fe(1)–C(2)

C(3)–C(4)–O(1)108.9(2)C(2)–C(3)–C(4) 121.0(2)
112.82(15)Fe(2)–O(1)–C(4) C(3)–C(4)–O(2) 115.4(2)

O(1)–C(4)–O(2) 123.6(2)

Table 4
Selected bond lengths (A, ) and bond angles (°) for 6a

Bond lengths
2.6128(4)Fe(1)–Fe(2) Fe(1)–P(3) 2.2398(6)

Fe(2)–P(3) 2.2225(6) Fe(1)–P(1) 2.1716(6)
Fe(1)–C(1)2.1412(7) 2.154(2)Fe(2)–P(2)

2.118(2)Fe(1)–C(2) Fe(2)–C(2) 1.984(2)
1.402(3)C(1)–C(2) C(2)–C(3) 1.540(3)

C(4)–O(1)1.507(3) 1.206(3)C(3)–C(4)
C(4)–O(2) 1.343(3)

Bond angles
Fe(1)–P(3)–Fe(2) P(1)–Fe(1)–P(3)71.68(2) 178.72(3)
P(2)–Fe(2)–P(3) Fe(1)–Fe(2)–P(2)99.40(2) 138.26(2)

Fe(2)–C(2)–Fe(1)125.05(2) 79.06(7)P(1)–Fe(1)–Fe(2)
Fe(1)–C(1)–C(2) Fe(1)–C(2)–C(1)69.47(12) 72.22(12)

C(2)–C(3)–C(4)123.63(15) 109.55(19)Fe(1)–C(2)–C(3)
125.8(2)C(3)–C(4)–O(1) C(3)–C(4)–O(2) 111.2(2)
123.0(2)O(1)–C(4)–O(2)

the iron atom bound to the acyl oxygen, whereas in
3a–d the dppm bridges the two metal atoms and is
trans with respect to the phosphido–bridge. Under
similar conditions 1a–c react with trimethylphosphite
to give [Fe2(CO)4(m-PPh2){P(OMe)3}2(m-h1(C):h2(C)–
{RO(O)CCH2}C�CH2)], most likely via a stepwise pro-
cess involving displacement of the ester coordinated
carbonyl, loss of carbon monoxide and reformation of
the metallacycle ring and a subsequent displacement
with a second molecule of trimethylphosphite. We have
also shown that the a-functionalised alkenyl complex
[Fe2(CO)4(m - PPh2){P(OMe)3}2(m - h1(C):h2(C)–{MeO-

(O)CCH2}C�CH2)] (6a) exists as a mixture of two
isomers that interconvert via a trigonal twist process,
and that s,h-exchange via the windshield wiper process
is slow on the NMR timescale.

4. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC nos. 148651 (2a), 148652 (3a),
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148653 (5a), 148654 (6a). 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.
com.ac.uk or http://www.ccdc.cam.ac.uk).
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