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β-Cyclodextrin formed stable, crystalline 1 :1 host : guest inclusion compounds, in high yields, with half-sandwich
complexes of molybdenum of the type MoCp�(η3-C3H5)(CO)2 (Cp� = Cp, C5H4SiMe3 or C9H7). The products
have been characterised in the solid state by elemental analysis, FTIR spectroscopy, TGA, powder X-ray
diffraction and 13C MAS NMR spectroscopy. Channel-type structures were formed with Cp� = Cp and C9H7,
while with Cp� = C5H4SiMe3 the arrangement of the cyclodextrin molecules was more similar to that of pristine
β-cyclodextrin hydrate.

Introduction
Cyclodextrins form inclusion compounds with a wide variety of
molecules including transition metal complexes and organo-
metallic compounds. Particularly suitable guests are those
bearing hydrophobic ligands such as cyclopentadienyl (Cp =
η5-C5H5) and η6-arene groups. β-Cyclodextrin (β-CD) consists
of seven α(1→4)-linked glucopyranose units which define a
slightly V-shaped toroidal cavity. The cavity diameter is in the
range 6.0–6.5 Å, the height of the torus is 7.9 Å, and the cavity
volume is approximately 262 Å3.1,2 Secondary hydroxyl groups
at the 2 and 3 positions are located on the wider opening and
primary hydroxyl groups at the 6 position on the other. The
outer rims of the torus are therefore hydrophilic, while the
cavity is rendered hydrophobic because of the presence of
glycosidic oxygens and C–H units. The primary hydroxyl
groups may freely rotate about the C-5–C-6 bond so as to
minimise interaction energy, thereby reducing the effective
diameter of the cavity.

Cyclodextrins are known to form complexes with ferrocene
and its derivatives,3 titanocene dihalides,4 aromatic ruthenium
complexes,5 mixed sandwich complexes such as [Fe(η5-C5H5)-
(η6-C6H6)]PF6,

6 and half-sandwich complexes such as FeCp-
(CO)2Me,7 MnCp(CO)3,

8 and Cr(η6-C6H6)(CO)3.
9 Metallocene

dihalides are potent organometallic antitumor agents and
cyclodextrin inclusion compounds are interesting for pharma-
ceutical use.4 Encapsulated half-sandwich complexes have
been shown to exhibit markedly different physical and chemical
properties compared to those of the bulk material, for example
in their non-linear optical properties 10 and ligand substitution/
insertion reactions.7 To the best of our knowledge, inclusion
compounds between cyclodextrins and half-sandwich com-
plexes of molybdenum have not been reported. This paper
describes a structural study in the solid state for the compounds
formed between β-cyclodextrin and the complexes MoCp�(η3-
C3H5)(CO)2 (Cp� = Cp, C5H4SiMe3 or indenyl).

Experimental
General methods

All air-sensitive reactions and manipulations were performed
using standard Schlenk techniques under an oxygen-free and

water-free nitrogen atmosphere. Solvents were dried by stan-
dard procedures (hexane and Et2O over sodium–benzo-
phenone; CH2Cl2 over CaH2), distilled under argon and kept
over 4 Å molecular sieves.

Infrared spectra were recorded on a Unican Mattson Model
7000 FTIR spectrophotometer using KBr pellets. TGA studies
were performed using a Mettler TA3000 system at a heating
rate of 5 K min�1 under a static atmosphere of air. Powder
XRD data were collected on a Philips X’pert diffractometer
using Cu-Kα radiation filtered by Ni (λ = 1.5418 Å). Micro-
analyses were performed at the Technical University of
Munich. 1H NMR spectra were measured in solution using a
Bruker CXP 300 spectrometer. Solid-state 29Si and 13C NMR
spectra were recorded at 79.49 and 100.62 MHz respectively, on
a (9.4 T) Bruker MSL 400P spectrometer, 29Si MAS NMR
spectra with 40� pulses, spinning rates 5.0–5.5 kHz and 60 s
recycle delays and 29Si CP MAS NMR spectra at 25 �C with 5.5
µs 1H 90� pulses, 8 ms contact time, a spinning rate of 5.0 kHz
and 60 s recycle delays. Chemical shifts are quoted in parts per
million from TMS. 13C CP MAS NMR spectra were recorded
25 �C with a 4.5 µs 1H 90� pulse, 2 ms contact time, a spinning
rate of 9 kHz and 12 s recycle delays. Chemical shifts are quoted
in parts per million from TMS.

Starting materials

β-CD was obtained from Wacker Chemie (München) and
recrystallised before use. The following compounds were pre-
pared as described in the literature: C5H4SiMe3Li,11 MoCp-
(η3-C3H5)(CO)2 1,12a and Mo(C9H7)(η

3-C3H5)(CO)2 3.12a 13C CP
MAS NMR: 1, δ 238.94 (CO), 92.5 (Cp), 68.44 (br, Cb, see
below for allyl group labelling scheme) and 42.52 (br, Ca/c); 3,
δ 240.08 (CO), 126.67 (C5/8, see below for indenyl group label-
ling scheme), 123.95 (C6/7), 112.62 (C4/9), 87.88 (C2), 80.17 (C1/3)
and 51.6 (br, Ca/b/c).

Mo(C5H4SiMe3)(�
3-C3H5)(CO)2 2. Cold (�80 �C) THF (30

mL) was slowly transferred via a stainless steel needle to a
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Scheme 1

Schlenk tube which contained a mixture of Mo(η3-C3H5)Cl-
(NCMe)2(CO)2

12a (2.00 g, 6.44 mmol) and C5H4SiMe3Li (0.93 g,
6.44 mmol) at �80 �C. After slow warming to room temper-
ature with stirring the reaction mixture was left for 18 h. The
orange-brown solution was evaporated to dryness and the resi-
due extracted with hexane at 40 �C for some hours. Upon fil-
tration and concentration of the resulting yellow solution the
compound precipitated as a yellow powder. Recrystallisation
from hexane–diethyl ether (�30 �C) gave yellow crystals of
Mo(C5H4SiMe3)(η

3-C3H5)(CO)2 2 (2.04 g, 96%). Found: C,
47.17; H, 5.46. C13H18MoO2Si requires C, 47.27; H, 5.49%.
Selected ν̃max/cm�1 2955m, 2896m, (CO) 1914vs, (CO) 1851vs,
1392m, 1251s, 1162m, 1045m, 837s, 755s (KBr). δH (CDCl3, 300
MHz, 25 �C) 5.23 (s, 2 H, C5H4SiMe3), 5.17 (s, 2 H, C5H4-
SiMe3), 3.99 (m, 1 H, meso of C3H5), 2.73 (d, 2 H, syn of C3H5),
0.82 (d, 2 H, anti of C3H5) and 0.19 (s, 9 H, C5H4SiMe3). 

13C CP
MAS NMR (25 �C): δ 236.0 (s, CO), 92.3 (s, C5H4SiMe3), 88.24
(s, C5H4SiMe3), 69.0 (s, Cb), 40.97 (br, Ca/c) and 0.66 (s,
C5H4SiMe3). 

29Si CP MAS NMR (25 �C): δ 0.59.

Synthesis of inclusion compounds

General. A saturated aqueous solution of β-CD (0.50 g, 0.44
mmol) at 40 �C was treated with a solution of MoCp�(η3-
C3H5)(CO)2 (0.44 mmol) in CH2Cl2. After reaction at room
temperature for 1 h the suspension was filtered and the pale
yellow powder washed several times with CH2Cl2, water and
vacuum dried.

�-CD/MoCp(�3-C3H5)(CO)2 1a. Yield: 0.58 g, 83%. Found:
C, 38.30; H, 6.40; Mo, 5.74. C10H10MoO2�C42H70O35�13H2O
requires C, 38.38; H, 6.56; Mo, 5.89%. IR: ν̃max/cm�1 3378vs,
2925s, 2899 (sh), 1945vs, 1869vs, 1427m, 1416 (sh), 1385 (sh),
1370m, 1334m, 1303m, 1157vs, 1080vs, 1029vs, 947m, 939m,
705s, 578s and 531s (KBr). 13C CP MAS NMR (25 �C): δ 236.0
(s, CO), 104.0 (β-CD, C-1), 92.3 (s, Cp), 90.4 (s, Cp), 81.7
(β-CD, C-4), 80.8 (β-CD, C-4), 73.0 (β-CD, C-2,3,5), 68.0 (s,
C2), 60.6 (β-CD, C-6), 39.3 (br, C1/3) and 35.8 (sh).

�-CD/Mo(C5H4SiMe3)(�
3-C3H5)(CO)2 2a. Yield: 0.55 g, 74%.

Found: C, 38.20; H, 6.70; Mo, 5.48. C13H18MoO2Si�C42H70-
O35�13H2O requires C, 38.46; H, 6.81; Mo, 5.59%. IR: ν̃max/cm�1

3387vs, 2926s, 1943s, 1864s, 1639m, 1460 (sh), 1415m, 1369m,
1157s, 1079s, 1028vs, 948m, 939 (sh), 757m, 708m, 610m, 580m
and 533m (KBr). 13C CP MAS NMR (25 �C): δ 103.8, 103.2,
102.6, 101.5 (β-CD, C-1), 83.9, 82.1, 81.2, 78.3 (β-CD, C-4),
76.3, 72.9 (β-CD, C-2,3,5), 63.7, 61.9, 60.8 and 60.1 (β-CD,
C-6).

�-CD/Mo(C9H7)(�
3-C3H5)(CO)2 3a. Yield: 0.64 g, 88%.

Found: C, 40.36; H, 6.23; Mo, 6.02. C14H12MoO2�C42H70O35�
12H2O requires C, 40.53; H, 6.44; Mo, 5.78%. IR: ν̃max/cm�1

3370vs, 2929s, 1949s, 1870s, 1636m, 1457 (sh), 1412m, 1369m,
1337m, 1302m, 1156s, 1086s, 1053s, 1028vs and 947m (KBr).

13C CP MAS NMR (25 �C): δ 236.79 (CO), 124.16 (C5/8, C6/7),
112.22 (C4/9), 103.74 (β-CD, C-1), 89.00 (C2), 82.5 (sh), 81.55,
80.20 (β-CD, C-4; C1/3), 72.77 (β-CD, C-2,3,5), 60.90 (β-CD,
C-6), 54.3 (Cb) and 48.10 (br, Ca/c).

Results and discussion
Preparation of inclusion compounds

The replacement of the cyclopentadienyl (Cp = η5-C5H5) ligand
by other pentahapto cyclic analogues (Cp�) has been a success-
ful means of controlling the stability, reactivity and several
other physico-chemical properties of many organometallic
complexes. Indenyl (η5-C9H7) complexes have long been known
to display increased reactivity when compared to their Cp
analogues.12,13 Recently, some of us found a procedure to pre-
pare complexes of general formula M(η5-Cp�)(η3-C3H5)(CO)2

(M = Mo or W; Cp� = Cp, C5H4Me, Cp*, Ind, etc.) in very good
isolated yields.12 This consists of the treatment of Mo(η3-
C3H5)Cl(NMe)2(CO)2 with LiCp� in THF at �80 �C (Scheme
1). After slow warming to room temperature the product is
taken to dryness and extracted with hexane, giving MoCp�-
(η3-C3H5)(CO)2 in good yields. By following this method and
treating LiC5H4SiMe3 with Mo(η3-C3H5)Cl(NCMe)2(CO)2, the
novel allyl complex Mo(C5H4SiMe3)(η

3-C3H5)(CO)2 2 was
obtained. The IR spectrum shows the two expected CO stretch-
ing vibrations and at room temperature the solution 1H NMR
reveals only one set of signals for the allyl ligand, presumably
due to very rapid fluxional averaging of the allylic protons. The
complexes MoCp�(η3-C3H5)(CO)2 (Cp� = Cp or C5H4Me)
exhibit similar temperature-dependent dynamic behaviour in
solution.12,13

Since MoCp�(η3-C3H5)(CO)2 complexes are insoluble in
water and, moreover, are air sensitive, the co-crystallisation
method from aqueous solutions, which is usually employed
with water-soluble compounds to obtain inclusion complexes
with cyclodextrins, cannot be used in this case. We found
that the following method was the best.14 A saturated aqueous
solution of β-CD at 40 �C was treated with a solution of the
organometallic compound MoCp�(η3-C3H5)(CO)2 [Cp� = Cp
(1), C5H4SiMe3 (2) or C9H7 (3)] in CH2Cl2. Pale yellow precipi-
tates formed at the interface between the two solvents during
reaction at room temperature. After 1 hour the products were
isolated and washed several times with dichloromethane to
remove the unchanged molybdenum complexes. This process
did not liberate the included guests from the cyclodextrin
cavities. Finally, the products were washed with water to remove
any remaining free cyclodextrin and vacuum dried. Micro-
crystalline powders were obtained in good yield, designated as
β-CD/MoCp�(η3-C3H5)(CO)2 [Cp� = Cp (1a), C5H4SiMe3 (2a)
or C9H7 (3a)]. Compounds 1a–3a were stable for long periods if
stored under an inert atmosphere. Exposure to air resulted in a
colour change to green within one week.

Properties of inclusion compounds

Elemental analysis showed that the β-CD:Mo ratios in the
adducts β-CD/MoCp(η3-C3H5)(CO)2 1a, β-CD/Mo(C5H4-
CpSiMe3)(η

3-C3H5)(CO)2 2a and β-CD/Mo(C9H7)(η
3-C3H5)-

(CO)2 3a were approximately 1 :1. The products were further
characterised in the solid state by powder X-ray diffraction
(XRD), MAS NMR (13C, 29Si), TGA and FTIR spectroscopy.
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The KBr IR spectra of compounds 1a, 2a and 3a showed
the typical bands previously reported for bulk KBr spectra of
β-CD,15 indicating no chemical modification of the cyclodextrin
host. In addition, some characteristic absorption bands of the
guest were observed. The two ν(CO) stretching vibrations of the
guest molecules appeared as sharp bands in the range 1980–
1830 cm�1 (Table 1). These spectra were different from those of
the complexes in the solid, which show broad bands probably
due to intermolecular interactions, and were similar to those of
the complexes in solution. This similarity was also clearly evi-
dent in the positions of the bands (Table 1). Thus, the ν(CO)
stretching vibrations of the inclusion compounds were shifted
by 13–30 cm�1 to higher frequency compared to those of the
complexes in the solid, but appeared at almost the same fre-
quencies compared to those of the complexes in CH2Cl2 solu-
tion. These results suggest that the guest complexes are isolated
from each other in the cyclodextrin cavities as in solution.

Powder XRD and TGA provided further evidence for the
encapsulation of the organometallic guests with β-CD in the
solid state. Compounds 1a and 3a gave similar powder XRD
patterns characterised by low angle peaks at about 15.0, 12.3,
9.0, 7.4, 6.1, 5.8, 5.0 and 4.8 Å (Fig. 1). These patterns do not

Fig. 1 Powder XRD of (a) β-CD/Mo(C9H7)(η
3-C3H5)(CO)2 3a,

(b) β-CD/[FeCp(η6-C6H5R)]PF6 (R = mesityl), (c) free Mo(C9H7)(η
3-

C3H5)(CO)2 3, and (d) free β-CD hydrate. The program PowderCell 16

was used to produce the simulated pattern (b) from the crystal structure
data for the 2 :1 inclusion compound formed between β-CD and
[FeCp(η6-C6H5R)]PF6.

6c

Table 1 IR data for dicarbonyl(η3-allyl) complexes and the inclusion
compounds

Complex ν̃(CO) a/cm�1 ∆ν̃(CO)/cm�1

1 MoCp(η3-C3H5)(CO)2
b

1a β-CD/MoCp(η3-C3H5)(CO)2

2 Mo(C5H4SiMe3)(η
3-C3H5)(CO)2

2a β-CD/Mo(C5H4SiMe3)(η
3-C3H5)(CO)2

3 Mo(C9H7)(η
3-C3H5)(CO)2

c

3a β-CD/Mo(C9H7)(η
3-C3H5)(CO)2

1924, 1849
1945, 1869
1914, 1851
1943, 1864
1923, 1849
1949, 1870

—
21, 20
—
29, 13
—
26, 21

a Solid-state IR spectra (KBr). b Solution IR (CH2Cl2, cm�1): 1946,
1859. c Solution IR (CH2Cl2, cm�1): 1946, 1861.

match with those of the free components (pristine β-CD
hydrate or the organometallic guest). This is an initial indi-
cation for the formation of true inclusion complexes.2 It is
known that cyclodextrin inclusion compounds usually crystal-
lise from water to give “channel” or “cage” structures in which
the cyclodextrin molecules are stacked like coins in a roll or
arranged in a herringbone pattern.2 Crystal structure determin-
ations for two β-CD inclusion compounds of the sandwich
complexes [FeCp(η6-C6H5R)]PF6 (R = mesityl or biphenyl)
revealed a channel-type structure consisting of head-to-head
dimers of β-CD molecules stacked along the crystallographic c
axis.6c The exact orientation of the guest molecules could not be
determined due to disorder. Fig. 1 shows a simulated powder
diffraction pattern calculated from the crystal structure data of
Klingert and Rihs for the β-CD inclusion compound of the
ferrocene derivative with R = mesityl. There is a good match
between this pattern and that of compound β-CD/Mo(C9H7)-
(η3-C3H5)(CO)2 3a, especially at low angles (2θ 3–20�). These
results strongly suggest that the β-CD adducts 1a and 3a are
channel-type inclusion compounds similar to those reported
by Klingert and Rihs (Fig. 2). It is interesting that a β-CD
inclusion compound of the [1]ferrocenophane [Fe{(η5-C5H4)2-
SiMe2}] also gave a very similar powder diffraction pattern.17 A
different result was obtained in the case of compound 2a (Fig.
3). The powder XRD of 2a reveals similar peaks to those of the
host structure but shifted to higher 2θ, with some significant
modifications of the intensity of some peaks. There is no indi-
cation for the presence of free organometallic 2. A similar result
was obtained by Díaz and Arancibia for the encapsulation of
the half-sandwich complex FeCpCl(CO)2 with β-CD.14

Fig. 4 shows the results of thermogravimetric analysis of
β-CD/MoCp(η3-C3H5)(CO)2 1a, the organometallic MoCp-
(η3-C3H5)(CO)2 1, pristine β-CD hydrate and a physical mixture
of β-CD and 1 in a 1 :1 molar ratio. TGA of β-CD showed loss
of hydrated water up to 130 �C (14.4%, 10–11 water molecules
per β-CD molecule), the maximum rate of mass loss occurring
at 90 �C. There was no further change until 260 �C when the
compound starts to melt and decompose, characterised by a
strong, sharp peak in the differential thermogravimetric (DTG)
profile at 287 �C. At 500 �C, mass loss was complete. The
organometallic 1 did not undergo any change until 70 �C, at
which point it starts to sublime. Mass loss was 47% in the tem-
perature range 70–160 �C, the maximum rate of loss occurring
at 149 �C. In the case of the mixture each component behaved

Fig. 2 Representation of proposed channel-type structure for the
inclusion compounds β-CD/MoCp(η3-C3H5)(CO)2 1a and β-CD/Mo-
(C9H7)(η

3-C3H5)(CO)2 3a.
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basically independently. Well defined steps are visible in the TG
profile corresponding to the points where the bulk organo-
metallic sublimes (around 141 �C), and β-CD melts and
decomposes (two resolved steps around 236 and 321 �C). In the
case of the inclusion compound 1a there was no change up to
170 �C except for gradual loss of hydrated water (10%, 9–10
water molecules per β-CD). Decomposition occurred above this
temperature, characterised by a strong, sharp peak in the DTG
profile at 193 �C. A total mass loss of 65% was recorded
between 170 and 210 �C. A further mass loss of 15% occurred
between 210 and 360 �C. Very similar TG profiles were obtained
for compounds 1a, 2a and 3a. The decomposing points for 2a

Fig. 3 Powder XRD of (a) β-CD/Mo(C5H4SiMe3)(η
3-C3H5)(CO)2 2a,

(b) β-CD/[Fe(Cp)(η6-C6H5R)]PF6 (R = mesityl), (c) free Mo(C5H4-
SiMe3)(η

3-C3H5)(CO)2 2, and (d) free β-CD hydrate. Details as in Fig. 1.

Fig. 4 TGA of β-CD/MoCp(η3-C3H5)(CO)2 1a (——), free MoCp-
(η3-C3H5)(CO)2 1 (- - - - -), free β-CD hydrate (—-—-), and a physical
mixture of β-CD and 1 in a 1 :1 molar ratio (–––).

and 3a were at 217 and 215 �C respectively. These results sug-
gest that the molybdenum complexes are isolated from each
other by encapsulation in the β-CD cavities. The lower
decomposing points of the inclusion compounds compared to
that of free β-CD may be due to the promoting effects of
molybdenum on the decomposition of cyclodextrin. Similar
results were obtained for the inclusion compound of cyclo-
dextrin with (benzene)tricarbonylchromium complex.9

The solid-state 13C CP MAS NMR spectrum of β-CD/
Mo(C9H7)(η

3-C3H5)(CO)2 3a is shown in Fig. 5. Also shown
for comparison are the spectra of pristine β-CD hydrate and
free Mo(C9H7)(η

3-C3H5)(CO)2 3. The spectrum of free β-CD
hydrate is similar to that previously reported and exhibits mul-
tiple resonances for each type of carbon atom.18 This has been
mainly correlated with different torsion angles about the (1→4)
linkages for C-1 and C-4, and with torsion angles describing
the orientation of the hydroxyl groups. The different carbon
resonances are assigned to C-1 (δ 101–104), C-4 (78–84),
C-2,3,5 (71–76) and C-6 (57–65). By contrast, the β-CD
carbons C-1, C-2,3,5 and C-6 for complex 3a were observed as
single peaks at δ 104, 73 and 61 respectively. This is a common
occurrence for cyclodextrin inclusion compounds and indicates
that β-CD adopts a symmetrical conformation in the complex,
with each glucose unit in a similar environment.17,19 In addition
to the resonances for the β-CD carbons, the spectrum of 3a
exhibits several resonances that can be assigned to the carbon
atoms of the guest molecule. A single resonance is observed for
the carbonyl group at δ 236.8, shifted upfield compared to that
of the free organometallic (240.1) and close to that reported for
the solution spectrum (δ 237.5, CDCl3

13). The carbon reson-
ances for the η5-indenyl ring appear at δ 124.2 (C5/8, C6/7), 112.2
(C4/9) and 89.00 (C2); the resonance for C1/3 overlaps with the
resonances for the β-CD C-4 carbons and cannot be assigned
individually. The presence of the symmetrically co-ordinated
allyl group is confirmed by the presence of two broad peaks at
δ 54.3 (Cb) and 48.1 (Ca/c).

Compound β-CD/MoCp(η3-C3H5)(CO)2 1a gave a very simi-
lar 13C CP MAS NMR spectrum to that of 3a concerning the
resonances for the β-CD carbons. In addition, a single reson-
ance was observed for the carbonyl group of the guest molecule
at δ 236.0, again shifted upfield compared to that of the free
organometallic (238.9) and closer to that reported for the solu-
tion spectrum (δ 237.1, CDCl3

13). Two peaks were observed for

Fig. 5 Solid state 13C CP MAS NMR spectra of Mo(C9H7)(η
3-C3H5)-

(CO)2 3 (bottom), free β-CD hydrate (middle) and β-CD/Mo(C9H7)-
(η3-C3H5)(CO)2 3a (top). � denotes spinning side band.
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the cyclopentadienyl carbons at δ 92.3 and 90.4 of approxi-
mately equal area. The former chemical shift value is close to
that observed for the free organometallic 1. Two broad over-
lapping peaks were also observed for the allyl C1/3 carbons at
δ 39.3 and 35.8. However, the presence of bulk organometallic
1 in compound 1a was not sustained by powder XRD, TGA or
FTIR studies. A possible explanation is that there are two com-
plexed forms of MoCp(η3-C3H5)(CO)2 in 1a. Compound β-CD/
Mo(C5H4SiMe3)(η

3-C3H5)(CO)2 2a gave a different 13C MAS
NMR spectrum to 1a and 3a in that the resonances attributed
to the carbon atoms of the host matched much more closely
with those of free β-CD hydrate, i.e. several peaks were
observed for each type of carbon atom. The only difference was
that the peaks in the spectrum of 2a were considerably broader.
A weak peak was also observed at δ 2.5, ascribed to the methyl
carbons of the trimethylsilyl substituent. This result, coupled
with the powder XRD studies, indicates that the arrangement
of the cyclodextrin molecules in 2a should be similar to that in
free β-CD hydrate.

Concluding remarks
A range of techniques have been used to characterise the
solid-state structures of 1 :1 inclusion compounds formed
between β-CD and half-sandwich complexes of molybdenum.
The crystalline products precipitated at the interface between a
solution of β-CD in water and a solution of the organo-
metallic in dichloromethane. This method seems to be generally
applicable to the preparation of inclusion compounds between
organometallics and cyclodextrins.14,17 The complexes MoCp-
(η3-C3H5)(CO)2 and Mo(C9H7)(η

3-C3H5)(CO)2 form channel-
type structures with β-CD and it can be concluded that the
molecules are fully enclosed within the CD cavity. A completely
different result was obtained when a trimethylsilyl substituent
was introduced on the Cp ligand. This indicates that the reac-
tion is very selective regarding the geometry and the functional
groups of the guest molecule. Theoretical studies are underway
in our laboratories better to understand this behaviour.

Acknowledgements
We are grateful to PRAXIS XXI for partial funding and to
Paula Esculcas for assistance in the NMR experiments.

References
1 J. Szejtli, Chem. Rev., 1998, 98, 1743.
2 W. Saenger, Angew. Chem., Int. Ed. Engl., 1980, 19, 344.
3 R. Breslow, G. Trainor and A. Ueno, J. Am. Chem. Soc., 1983, 105,

2739; Y. Odagaki, K. Hirotsu, T. Higuchi, A. Harada and S.
Takahashi, J. Chem. Soc., Perkin Trans. 1, 1990, 1230 and literature
cited therein; R. Bakhtiar and A. E. Kaifer, Rapid Commun. Mass
Spectrom., 1998, 12, 111 and literature cited therein.

4 I. Turel, A. Demsar and J. Kosmrlj, J. Mol. Recogn. Macro. Chem.,
1999, 35, 595.

5 G. Meister, H. Stoeckli-Evans and G. Süss-Fink, J. Organomet.
Chem., 1993, 453, 249.

6 (a) B. Klingert and G. Rihs, Organometallics, 1990, 9, 1335; (b)
B. Klingert and G. Rihs, J. Inclusion Phenom., 1991, 10, 255;
(c) B. Klingert and G. Rihs, J. Chem. Soc., Dalton Trans., 1991,
2749.

7 M. Shimada, A. Harada and S. Takahashi, J. Chem. Soc., Chem.
Commun., 1991, 263; P. P. Patel and M. E. Welker, J. Organomet.
Chem., 1997, 547, 103.

8 L. Song, Q. Meng and X. You, J. Organomet. Chem., 1995, 498, C1.
9 A. Harada, K. Saeki and S. Takahashi, Organometallics, 1989, 8,

730.
10 D. F. Eaton, A. G. Anderson, W. Tam and Y. Wang, J. Am. Chem.

Soc., 1987, 109, 1886.
11 C. H. Winter, X. Zhou, D. A. Dobbs and M. J. Heeg, Organo-

metallics, 1991, 10, 210; P. Jutzi and R. Sauer, J. Organomet. Chem.,
1973, 50, C29; K. C. Frisch, J. Am. Chem. Soc., 1953, 75, 6050.

12 (a) J. R. Ascenso, C. G. de Azevedo, I. S. Gonçalves, E. Herdtweck,
D. S. Moreno, M. Pessanha and C. C. Romão, Organometallics,
1995, 14, 3901; (b) J. R. Ascenso, C. G. Azevedo, I. S. Gonçalves,
E. Herdtweck, D. S. Moreno, C. C. Romão and J. Zühlke,
Organometallics, 1994, 13, 429; (c) I. S. Gonçalves and Carlos
C. Romão, J. Organomet. Chem., 1995, 486, 155; (d ) J. M. Almeida,
I. S. Gonçalves and C. C. Romão, An. Quím. Int. Ed., 1997, 93, 8.

13 I. S. Gonçalves, Ph.D. Thesis, Universidade Técnica de Lisboa,
1996.

14 C. Díaz and A. Arancibia, J. Incl. Phenom. Mol. Recogn., 1998, 30,
127.

15 R. C. Sabapathy, S. Bhattacharyya, W. E. Cleland and C. L. Hussey,
Langmuir, 1998, 14, 3797, and literature cited therein.

16 W. Kraus and G. Nolze, Federal Institute for Materials Research
and Testing, Berlin, J. Appl. Crystallogr., 1996, 29, 301.

17 P. Ferreira, I. S. Gonçalves, M. Pillinger, J. Rocha, P. Santos and
J. J. C. Teixeira-Dias, Organometallics, 2000, 19, 1455.

18 M. J. Gidley and S. M. Bociek, J. Am. Chem. Soc., 1988, 110, 3820;
S. J. Heyes, N. J. Clayden and C. M. Dobson, Carbohydr. Res., 1992,
233, 1.

19 J. Li, A. Harada and M. Kamachi, Bull. Chem. Soc. Jpn., 1994, 67,
2808; H. Sfihl, A. P. Legrand, J. Doussot and A. Guy, Colloids Surf.
A: Physicochem. Eng. Aspects, 1996, 115, 115.


