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The title compound, C17H18FeO3 or [Fe(C5H5)(C12H13O3)],

has the cyclopentadienyl rings essentially eclipsed and nearly

parallel, forming a 2.5 (2)� dihedral angle. The Fe atom lies

1.6388 (8) AÊ out of the plane of the substituted ring and

1.6472 (9) AÊ out of the unsubstituted ring plane. The torsion

angle about the central CÐC bond of the 4-oxobutanoate

group is ÿ79.7 (2)�, and the OÐCÐC CH2 torsion angle is

131.0 (2)�.

Comment

With the rapid development of solid-phase synthesis, there is a

great deal of interest in developing new solid-phase linkers.

We report here the synthesis of 2-propenyl 4-ferrocenyl-4-

oxobutanoate, (I) (Fig. 1), a ferrocenylamide-based linker

precursor. This allyl ester ferrocene derivative was prepared

for use as a linker in solid-phase peptide synthesis (SPPS). The

mild conditions used to remove allyl groups are compatible

with classical Fmoc/tBu methods (Kates et al., 1993; Trzeciak &

Bannwarth, 1992; Merri®eld, 1995). The allyl ester serves as a

protecting group and is easily cleaved without disrupting the

other protecting groups by using palladium catalysts under

neutral conditions. Upon reductive amination of the ketone

and peptide synthesis, the ferrocenyl±amine bond will be

easily cleaved (Blanchet et al., 2000) making the ferrocenyl

cation, which is more stable than the traditional benzylic

cations used in SPPS (Watts, 1979). The crystal structure of the

title compound was determined to prove its successful synth-

esis.

The cyclopentadienyl (Cp) rings are essentially eclipsed,

forming CÐCentroidÐCentroidÐC torsion angles which

average 3.3 (2)�. The rings are nearly parallel, forming a

2.5 (2)� dihedral angle. The Fe atom lies 1.6388 (8) AÊ out of

the plane of Cp ring C1±C5 and 1.6472 (9) AÊ out of the plane

of Cp ring C13±C17. These are typical geometric features [see,

for example, Gallagher et al. (1997)]. The carbonyl C6 O1 is

twisted by 11.2 (3)� out of the plane of the Cp ring to which it

is attached. The conformation of the remainder of the

substituent on Cp ring C1±C5 (Table 1) is such that the ester
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carbonyl O3 atom forms an intramolecular CÐH� � �O
hydrogen bond with the unsubstituted Cp ring. The C13� � �O3

distance is 3.289 (2) AÊ , the H� � �O distance is 2.39 AÊ , and the

angle about H is 159�.

Experimental

To a solution of 4-ferrocenyl-4-oxobutanoic acid (0.95 g, 3.3 mmol) in

20 ml acetone, K2CO3 (1.58 g,12 mmol) and allyl bromide (2.66 g,

22 mmol) were added under argon. The mixture was re¯uxed at

373 K overnight. After cooling, HCl (10 ml, 4 N) was added to the

mixture and extracted with (3� 20 ml) dichloromethane. The organic

layers were combined and dried over sodium sulfate and evaporated

in vacuo. The product was puri®ed by column chromatography (2:1,

hexane±ethyl acetate). Diffraction-quality crystals were grown by

dissolving the solid material in a hot ethanol solution, followed by

slow evaporation of the solvent. Yield 0.91 g (85%). MS, m/e (M+):

326.

Crystal data

[Fe(C5H5)(C12H13O3)]
Mr = 326.16
Orthorhombic, Pbca
a = 7.7561 (1) AÊ

b = 10.8931 (2) AÊ

c = 34.0120 (6) AÊ

V = 2873.60 (8) AÊ 3

Z = 8
Dx = 1.508 Mg mÿ3

Mo K� radiation
Cell parameters from 4495

re¯ections
� = 2.5±31.9�

� = 1.06 mmÿ1

T = 120 K
Plate, orange
0.32 � 0.20 � 0.05 mm

Data collection

KappaCCD diffractometer (with
Oxford Cryosystems Cryostream
cooler)

! scans with � offsets
Absorption correction: multi-scan

(HKL SCALEPACK; Otwi-
nowski & Minor, 1997)
Tmin = 0.844, Tmax = 0.949

19 653 measured re¯ections
4409 independent re¯ections
3031 re¯ections with I > 2�(I)
Rint = 0.038
�max = 31.9�

h = ÿ9! 9
k = ÿ16! 16
l = ÿ48! 49

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.091
S = 1.01
4409 re¯ections
190 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0325P)2

+ 1.0286P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.003
��max = 0.33 e AÊ ÿ3

��min = ÿ0.58 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Fe1ÐC1 2.0260 (18)
Fe1ÐC2 2.033 (2)
Fe1ÐC5 2.0339 (17)
Fe1ÐC17 2.038 (2)
Fe1ÐC13 2.0386 (18)
Fe1ÐC14 2.0399 (18)
Fe1ÐC16 2.040 (2)
Fe1ÐC15 2.0415 (19)

Fe1ÐC4 2.0517 (16)
Fe1ÐC3 2.0534 (19)
O1ÐC6 1.222 (2)
O2ÐC9 1.345 (2)
O2ÐC10 1.459 (2)
O3ÐC9 1.205 (2)
C11ÐC12 1.308 (3)

C5ÐC1ÐC6ÐO1 11.2 (3)
O1ÐC6ÐC7ÐC8 ÿ8.9 (3)
C6ÐC7ÐC8ÐC9 ÿ79.7 (2)

C10ÐO2ÐC9ÐC8 174.14 (15)
C7ÐC8ÐC9ÐO2 158.09 (15)
O2ÐC10ÐC11ÐC12 131.0 (2)

H atoms were placed in calculated positions with CÐH bond

distances in the range 0.95±0.99 AÊ and Uiso = 1.2Ueq of the attached

atom, and thereafter treated as riding.

Data collection: COLLECT (Nonius, 2000); cell re®nement: HKL

SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL

DENZO (Otwinowski & Minor, 1997) and SCALEPACK;

program(s) used to solve structure: SIR97 (Altomare et al., 1999);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); soft-

ware used to prepare material for publication: SHELXL97.

The purchase of the diffractometer was made possible by

grant No. LEQSF(1999±2000)-ESH-TR-13, administered by

the Louisiana Board of Regents.
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Figure 1
The atom-numbering scheme and ellipsoids at the 50% probability level
for (I).
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