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Abstract: Formation of stable second-sphere adducts
between a water-soluble organometallic complex
and a cyclodextrin (CD) is possible by finely design-
ing the structure of the water-soluble phosphane.
The key point to obtain such adducts was the syn-
thesis of a water-soluble phosphane which possesses
a tert-butylphenyl group recognized by the CD and
separated from the phosphorus atom by a phenyl
ring to avoid phosphane decoordination during the
molecular recognition process between the organo-
metallic complex and the CD. These adducts are
able to catalyze the cleavage of water-insoluble car-
bonate in a biphasic system.

Keywords: Biphasic catalysis; cyclodextrins; mo-
lecular recognition; palladium; phosphane ligands

Cyclodextrins (CDs) are cyclic oligosaccharides com-
posed of six, seven, or eight d-glucopyranose units that
are well-known to form inclusion complexes with nu-
merous compounds including organometallic com-
plexes.[1] When a CD includes a part of an organometal-
lic complex into its internal hydrophobic cavity, the CD
behaves as a second-sphere ligand, binding non-cova-
lently the first-sphere ligands of the metal center.[2]

The effect of such second-sphere ligands on the chemi-
cal, electrochemical, and photochemical properties of
organometallic compounds, as well as on their geome-
tries in solution and in the solid state, has been intensive-
ly investigated and it has been demonstrated that sec-
ond-sphere coordination can induce unusual behaviors.[3]

Although second-sphere coordination adducts of a tri-
methylphosphane/platinum complex with CDs have
been fully characterized,[4] the involvement of CDs as
hosts in the second-sphere of transition metals has not
been exploited in aqueous organometallic catalysis.
This stems from the poor ability of CD to solubilize clas-

sical highly hydrophobic organometallic complexes in
water and from the strong destabilizing effect of CDs
on water-soluble organometallic compounds. For in-
stance, addition of CD to stable water-soluble hydride-
rhodium complex [RhH(CO)L3] (L¼water-soluble
phosphane ligand) resulted in ligand dissociation and
formation of phosphane low-coordinated rhodium spe-
cies.[5] This phenomenon was attributed to the complex-
ation of the phosphane ligand by theCD. In particular, it
was assumed that the phosphorus donor atom located
near the CD cavity is not available for coordination to
a metal center due to steric crowding.
In this paper, we describe the first example of catalyti-
cally-active adducts formed between a water-soluble or-
ganometallic catalyst and a CD. The key point of our
strategy to obtain such adductswas the synthesis of awa-
ter-soluble phosphane which possesses a fragment rec-
ognized by the CD and distant from the metal center
to avoid phosphane decoordination during the mo-
lecular recognition process between the organometallic
complex and the CD.A triphenylphosphine bearing sul-
fonate groups and a tert-butylphenyl group on phenyl
rings was sought to fulfill the above requirement. In-
deed, it is well-known that sulfonate groups are highly
hydrophilic groups allowing immobilization of numer-
ous phosphanes in water[6] and that the tert-butylphenyl
group fits tightly into the cavity of aCD.[7]Moreover, the
presence of a phenyl group between the phosphorus
atomand the tert-butylphenyl group should be sufficient
to keep the phosphorus atom away from the CD. This
last point is crucial to preserve the coordinating ability
of the phosphorus atom.
Such a ligandwas synthesized in three steps fromcom-
mercially available products. Thus, Friedel–Crafts alky-
lation of 1-bromo-4-phenylbenzene with tert-butyl
chloride, followed by the reaction of the corresponding
Grignard reagent with ClP(Ph)2 and a sulfonation in
oleum afforded the new targeted phosphane bis(3-so-
dium sulfonatophenyl)-[4-(4-tert-butylphenyl)phenyl]-
phosphine (1) (Scheme 1).
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Although the yield of the last step was very low (15%)
due to the formation of large amounts of phosphine ox-
ide and unknown products during the sulfonation proc-
ess, this reaction route allowed us to obtain 1 on amulti-
gram scale.
The stoichiometry of the inclusion process between 1
and native b-CD or methylated b-CD was determined
by Job$s method.[8] For the b-CD and the methylated
b-CD, a series of samples containing variable ratios
(from 0 to 1) of CDand 1was prepared keeping the total
concentration of the species constant (1 mM in this pres-
ent case). The differences of chemical shift in the
1H NMR spectra for the proton H-1’ (tert-butyl group)
were measured as a function of the molar ratio. The
Job$s plot for the b-CD/1 system is displayed in Figure 1.
For b-CD and methylated b-CD, Job$s plots derived
from the 1H NMR spectra showed a maximum at r¼
0.5 and symmetrical shapes, indicating unambiguously
the formation of a 1 :1 inclusion complex.
The association constants of each inclusion complex
were evaluated by a titration method from 1H NMR
and UV-VIS spectroscopic data. The association con-
stant values for b-CD/1 and methylated b-CD/1 inclu-
sion complexes were found to be 27500 M�1 and
38600 M�1 at 298 K, respectively. The structures of these
1 :1 inclusion complexes were determined from two-di-
mensional T-ROESYexperiments.[9] The partial T-RO-
ESY spectra of a solution containing b-CD and 1 are
shown in Figure 2.
The strong interactions observedbetween theH-5 and
H-3 protons of the b-CD and the protons of the (t-BuC6
H4)C6H4 group confirm that this group is included into
the b-CD host cavity. Moreover, the absence of cross-
peaks between H-6 proton of b-CD and the tert-butyl
group of 1 strongly suggests that 1 penetrated into the
b-CD cavity from the primary OH group side. Interest-
ingly, the lack of cross-peaks between the sulfonated
rings of 1 and the b-CD proves that these rings are dis-
tant from the b-CD. A computer generated illustrative
view of this 1 :1 inclusion complex is presented in Fig-
ure 3.
A similar structure was found for the 1 :1 inclusion
complex between 1 and methylated b-CD. Finally, it
must be pointed out that the triphenylphosphine part

of the phosphane 1 lies entirely in the bulk aqueous
phase in these illustrative views. Consequently, it is quite
reasonable to suppose that the electronic and steric
properties of the phosphane 1 should not be greatly
modified by the presence of the cyclodextrin.
The formation of second-sphere adducts betweenme-
thylated b-CD and a water-soluble organometallic com-
plex containing 1 as hydrosoluble ligand was investigat-
ed by 1H and 31P{1H} NMR spectroscopy using the
[Pd(1)3] species as organometallic complex model. The
spectra of the [Pd(1)3] complex in the presence of in-
creasing amounts of methylated b-CD are presented in
Figure 4.
Except for the narrowing of the 31P{1H} NMRsignal of
the [Pd(1)3] species (d¼24.2 ppm), the 31P{1H} NMR
spectra obtained in the presence of 1 or 4 equivalents
of methylated b-CD were substantially similar to that
obtained without methylated b-CD. More interestingly
is the fact that the peak at �9.3 ppm corresponding to
the uncoordinated phosphane 1 complexed by the me-
thylated b-CD did not increase when the equivalent
number of methylated b-CD varied from 1 to 4, indicat-
ing that the methyl b-CD did not modify the percentage
of the palladium species involved in the different equili-
bria depicted in Equation (1).

Figure 1. Job$s plot for the b-CD/1 system. The continuous
variation plot was derived from differences of chemical shift
in the 1H NMR spectra for the proton H-1’ (tert-butyl group)
at 298 K in D2O.

Scheme 1. Synthesis of bis(3-sodium sulfonatophenyl)-[4-(4-tert-butylphenyl)phenyl]phosphine (1).
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In particular, no shift of equilibria towards phosphane
low-coordinated palladium species and uncoordinated

phosphane 1 occurred. In fact, it seems that only the ex-
change rate between the [Pd(1)3] species and 1 was
affected as a narrowing of 31P{1H} NMR signal of the
[Pd(1)3] species was observed when increasing amounts
of methylated b-CD were added.[10] So, from the
31P{1H} NMR study, it can be concluded that addition
of methylated b-CD to [Pd(1)3] species does not pro-
mote the dissociation of the ligand and, consequently,
the formation of phosphane low-coordinated palladium
species as previously observedwith transitionmetals co-
ordinated by classical water-soluble phosphanes such as
the sodium salt of trisulfonated triphenylphosphine.[5]

The proof of the formation of second-sphere adducts
was then furnished by the 1H NMR study. Indeed, the
shift of the signal of the tert-butyl group to lower fields
and the modification of the aromatic and CD protons
patterns observed in the 1H NMR spectrum indicate un-
ambiguously that the tert-butylphenyl group of the coor-
dinated phosphane 1 is included in the CD cavity, sug-
gesting the formation of a stable second-sphere coordi-
nation adduct: [Pd(1)3(methylated b-CD)3]. The ability
of the methylated b-CD/1 inclusion complex to bind to
zerovalent palladium was also demonstrated by mixing
an aqueous phase containing this inclusion complex

Figure 3. Computer generated illustrative view of the 1 :1 in-
clusion complex between 1 and b-CD.

Figure 2. Partial contour plots of the T-ROESY spectrum of a solution containing b-CD (10 mM) and 1 (10 mM) in D2O at
298 K (300 MHz, mixing period: 500 ms) The main interactions observed in the T-ROESY spectrum are indicated on the sche-
matic representation of the 1 :1 inclusion complex.
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with a toluene solution containing the [Pd(PPh3)4] com-
plex. In a fewminutes, the aqueous andorganic solutions
became red and colorless, respectively, indicating trans-
fer of palladium metal from the organic to the aqueous
phase. 31P{1H} and 1H NMRspectra confirm also the for-
mation of a second-sphere adduct. Indeed, the
31P{1H} NMR signal of the methylated b-CD/1 inclusion
complex shifted from �9.3 ppm to 24.2 ppm after con-
tact with the organic phase, whereas the 1H NMR spec-
tra was not affected. Outstandingly, the adduct is also
stable at high temperatures. Indeed, the peak corre-
sponding to the free phosphane complexed by themeth-
yl b-CD at �9.3 ppm did not seem to increase when the
solution containing 4 equivalents of methylated b-CD
was heated up to 95 8C (Figure 5).

The significant broadening of the NMR signal at
24.2 ppm during the heating was probably due to an in-
crease in the exchange rate between the second-sphere
coordination adduct [Pd(1)3(methylated b-CD)3] and
the uncoordinated phosphane 1 complexed by the me-
thylated b-CD.
The palladium-catalyzed cleavage of water-insoluble
allyl undecyl carbonate in an aqueous-organic two-
phase systemwas chosen to evaluate the catalytic behav-
ior of the adduct formed between the [Pd(1)3] complex
and the methylated b-CD.[11,12] The cleavage rates ob-
tained in the presence of increasing amounts of methy-
lated b-CD are presented in Figure 6.
Without methylated b-CD, the cleavage rate of allyl
undecyl carbonate was surprisingly high for a substrate

Figure 5. 31P{1H} NMR spectra of [Pd(1)3] species in the presence of 4 equivalents of methyl-b-CD recorded at different tem-
peratures in D2O. (� ): Phosphane 1 oxide; (*): 5% of phosphane 1 was initially present in the solution containing the [Pd(1)3]
species.

Figure 4. (a) 31P{1H} and 1H NMR spectra of [Pd(1)3] species alone; (b)
31P{1H} and 1H NMR spectra of [Pd(1)3] species in the

presence of 1 equivalent of methyl b-CD with regard to 1; (c) 31P{1H} and 1H NMR spectra of [Pd(1)3] species in the presence
of 4 equivalents of methyl b-CD with regard to 1; (� ): phosphane 1 oxide; (*): 5% of phosphane 1 was initially present in the
solution containing the [Pd(1)3] species.
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insoluble in water. This high activity was due to the sur-
face active properties of 1. Indeed, formation of an
emulsion was clearly observed during this experiment
and surface tension measurements indicate that 1 has a
surfactant behavior (cmc¼1.8 mM; gcmc¼40.6 mNm�1

at 298 K).Whenmethylated b-CDwas added to the cat-
alytic solution, the reaction rate dropped up to a methy-
lated b-CD/1 ratio of 8. Above this ratio, the reaction
rate increased progressively with the methylated b-
CD/1 ratio to reach an activity close to that obtained in-
itially without CD. The drastic rate decrease observed at
low methylated b-CD/1 ratios (<2) was ascribed to the
loss of the surface active properties of 1, due to binding
between 1 and methylated b-CD. Indeed, formation of
an inclusion complex between these two compounds al-
lowed us to mask the hydrophobic part of the phos-
phane. This assumption was fully supported by the ab-
sence of an emulsion for a methylated b-CD/1 ratio
higher than 2. Furthermore, control experiments with
methyl a-d-glucopyranoside (a compound which has
the same subunit as the methylated b-CD but which
do not possess a lipophilic host cavity) confirm that
the disappearance of the emulsion is not due to a modi-
fication of physical and chemical characteristics of me-
dium by the methyl-b-CD (ionic strength, polarity, vis-
cosity ...). Indeed, formation of an emulsion was also ob-
served in the presence of 0.435 g (2.24 mmol) of methyl
a-d-glucopyranoside, an amount corresponding to a
methyl-b-CD/phosphane ratio of 8.

For amethylated b-CD/1 ratio lower than 1–2, the na-
ture of the active species in the medium cannot be clear-
ly discussed. Indeed, [Pd(1)3] species complexed by one,
two or three methylated b-CDs can coexist in the me-
dium as the amount of methylated b-CDs is too low to
complex all the phosphane. However, for a methylated
b-CD/1 ratio higher than 2, 1 is totally bound to the me-
thylated b-CD and the reaction rates observed at ratio
between 2 and 8 could be considered as the intrinsic cat-
alytic activity of [Pd(1)x(methylated b-CD)x] second-
sphere adducts under severe mass transfer limitation
conditions. The rate increase observed for highermethy-
latedb-CDconcentrations (>8) is attributed to the ben-
eficial effect of a methylated b-CD excess on the mass
transfer, and shows that these adducts have a catalytic
activity similar to that observed with a catalytic system
composed of palladium(0) and trisulfonated triphenyl-
phosphine under similar conditions.[10,12] The fact that
the catalytic activity is comparable to that observed
with the classical catalytic system suggests strongly
that themetal center is electronically or sterically not in-
fluenced by presence of the cyclodextrin in the coordi-
nation sphere. This interesting property could be advan-
tageously used to anchor, without alteration of the cata-
lytic behavior, water-soluble organometallic complexes
on water-insoluble material or membrane-containing
CDs and, consequently, could lead to important devel-
opments in homogeneous catalyst separation technolo-
gy.

Figure 6. TOF8 vs. [methyl-b-CD]/ phosphane 1 ratio. TOF8¼ initial turn over frequency¼ (mmol of allyl undecyl carbonate
initially converted) (mmol Pd)�1 h�1. Experimental conditions: Pd(OAc)2 (4.46 mmol), phosphane 1 (40.2 mmol), allyl undecyl
carbonate (446 mmol), diethylamine (892 mmoL), water (4 g) and heptane (4 g).
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In conclusion, we have demonstrated that formation
of catalytically active second-sphere adducts between
water-soluble organometallic complex and CD is possi-
ble by finely designing the structure of the water-soluble
phosphane. Studies are currently in progress to immobi-
lize supramolecular water-soluble homogeneous cata-
lysts on supports containing CDs.

Experimental Section

General Remarks

The 1H, 31P and 13C NMR spectra were recorded at 300.13,
121.49 and 75.46 MHz, respectively, on a Bruker Avance 300
DPX instrument. IR spectra were recorded on a Vector 22
Bruker spectrometer. Elemental analyses were performed by
the department of Micro-Analyses at the University of Artois
using an EA 1110 CHNS Thermoquest instrument. Gas chro-
matographic analyses were carried out on a Shimadzu GC-
17A gas chromatograph equipped with a methyl silicone capil-
lary column (25 m�0.25 mm) and a flame ionization detector
(GC:FID). Palladium acetate, b-CD and methylated b-CD
were purchased fromAldrich. The methylated b-CDwas a na-
tive b-CD partially O-methylated with statistically 1.8 OH
groups modified per glucopyranose unit. 1-Bromo-4-(4-tert-
butylphenyl)benzene was synthesized as reported in the litera-
ture.[13]

[4-(4-tert-Butylphenyl)phenyl]diphenylphosphine

This was obtained on a multigram scale by a modified publish-
ed procedure.[14] To a suspension of magnesium (1.84 g,
76 mmol, 1.1 equivs.) in 50 mL of anhydrous THF was intro-
duced under nitrogen 1-bromo-4-(4-tert-butylphenyl)benzene
(6.67 g, 23 mmol, 0.33 equivs.). After a few minutes, the reac-
tion began and 13.34 g (46 mmol, 0.66 equivs.) of 1-bromo-4-
(4-tert-butylphenyl)benzene in THF (20 mL) were added
dropwise. The reaction mixture was then heated under reflux
for 1 hour. After cooling, chlorodiphenylphosphine (12.93 g,
58.65 mmol, 0.85 equivs.) in THF (10 mL) was added dropwise
and then heated under reflux for 1 hour. Once the reaction was
complete, the mixture was poured into a mixture of ice (ca
100 g) andHCl (100 mL, 1 N). The aqueous phase was extract-
ed twice with toluene (3�35 mL) and the combined organic
layers were dried over anhydrousMgSO4, filtered and concen-
trated by rotary evaporation. The resulting oil was recrystal-
lized from ethanol to give white crystals. Yield: 17.3 g (75%).
Thenotationused inNMRassignments of phosphine is indicat-
ed below:

1H NMR (300.13 MHz, CDCl3, 298 K): d¼1.38 (s, 9H, H1’),
7.3–7.5 (m, 18H, H4’,5’,8’,9’,12’,13’,14’); 13C{1H} NMR (75.47,
MHz, CDCl3, 298 K): d¼31.7 (s, C1’), 34.7 (s, C2’), 126.3

(s, C4’), 127.2 (s, C5’), 127.5 (d, 3JP-C¼5 Hz, C8’), 129.0 (d,
3JP-C¼6 Hz, C13’), 129.3 (s, C14’), 134.2 (d, 2JP-C¼19 Hz,
C12’), 134.6 (d, 2JP-C¼20 Hz, C9’), 136.1 (d, 1JP-C¼20 Hz,
C10’), 137.8 (d, 1JP-C¼11 Hz, C11’), 138.1 (s, C6’), 141.8 (s,
C7’), 151.1 (s, C3’); 31P{1H} NMR (121.49 MHz, CDCl3,
298 K): d¼ �6.07 (s); anal. (%): calcd. for C28H27P (M¼
394 g ·mol�1): C 85.28, H 6.85; found: C 84.90, H 6.64.

Bis(3-sodium sulfonatophenyl)-[4-(4-tert-
butylphenyl)phenyl]phosphine (1)

[p-(p-t-BuC6H4)Ph]P(Ph)2 (8 g, 20.3 mmol) was dissolved in
11.6 mL of 100% concentrated sulfuric acid obtained by mix-
ture of 9.2 mL of concentrated sulfuric acid (18 N, 96%) and
2.4 mL of oleum (65%). After cooling to 5 8C, the oleum
(65%, 16.5 mL) was added slowly under vigorous stirring and
keeping the temperature below 10 8C. The reaction mixture
was then kept at room temperature for 20 hours under a nitro-
gen atmosphere. Excess of oleum was neutralized by addition
of 12 mL of degassed water. The mixture was poured into a
mixture of ice and water (300 g/300 mL), and dipentylamine
(6.38 g, 40.62 mmol) was then added. The ammonium salt of
the sulfonated phosphine was recovered from the acidic aque-
ous layer by addition of ethyl acetate (4�50 mL). The organic
phase was washed with water up to neutral pH, dried over an-
hydrous MgSO4, filtered and concentrated by rotary evapora-
tion. The resulting solid was then dissolved in isoamyl alcohol
and extracted 20 times with 20 mL of an NaOH solution
(0.07 N). Each fraction was analyzed by 31P{1H} NMR spectro-
scopy. The fractions where a unique signal at �4.72 ppm was
observed were concentrated under vacuum and a white solid
was obtained. This solid was recrystallized from methanol to
give white crystals. Yield: 1.8 g (15%). The notation used in
NMR assignments of 1 is indicated below:

1H NMR (300.13 MHz, D2O, 298 K): d¼0.88 (s, 9H, H1’),
6.95 (t, 3JH-H� 3JP-H¼7.5 Hz, 2H, H9’), 7.05 (t, 3JH-H� 3JP-H¼
7.5 Hz, 2H, H16’), 7.11 (d, 3JH-H¼7.5 Hz, 2H, H5’), 7.2–7.3
(m, 6H, H4’,8’,15’), 7.62 (d, 3JH-H� 3JP-H¼7.8 Hz, 2H, H12’),
7.67 (d, 3JH-H¼7.8 Hz, 2H, H14’); 13C{1H} NMR (75.47, MHz,
D2O, 298 K): d¼30.6 (s, C1’), 35.2 (s, C2’), 122.0 (d, 3JP-C¼
8 Hz, C8’), 126.4 (s, C14’), 128.0 (s, C7’), 130.0 (d, 3JP-C¼7 Hz,
C15’), 130.7 (d, 2JP-C¼28 Hz, C12’), 132.0 (d, 1JP-C¼6 Hz,
C10’), 132.2 (s, C4’), 136.1 (d, 2JP-C¼20 Hz, C16’), 136.2 (s,
C6’), 136.4 (s, C5’), 137.2 (d, 2JP-C¼18 Hz, C9’), 139.3 (d,
1JP-C¼7 Hz, C11’), 143.9 (d, 3JP-C¼7 Hz, C13’), 155.9 (s, C3’);
31P{1H} NMR (121.49 MHz, D2O, 298 K): d¼ �4.72 (s); FT-
IR: (KBr): n¼2962 (m), 1460 (w), 1304 (m), 1221 (s), 1195
(s), 1079 (w), 1040 (m), 1001 (w), 787 (m), 719 (w), 676 (w),
624 (w), 520 cm�1 (w); anal. (%): calcd. for C28H25Na2O6PS2 ·
4 H2O (M¼670 g ·mol�1): C 50.15, H 4.92; found: C 49.74, H
4.31.
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Determination of the Association Constant

The protons of the tert-butyl group were chosen for evaluating
the association constant by 1H NMRspectroscopy.Assuming a
1 :1 inclusion mechanism, the observed chemical shift of the
protons the tert-butyl group (dOBS) and the complex concentra-
tion [COMP] are described as follows:

dOBS¼ (dPhos. [Phos.]þdCOMP [COMP])/[Phos.]T (2)

[COMP]¼ �1/2 [(1/Kþ [CD]Tþ [Phos.]T)2
�4 [CD]T [Phos.]T]1/2þ1/2 (1/Kþ [CD]Tþ [Phos.]T) (3)

where K, T, and dPhos. stand for formation constant, total, and
chemical shift of the protons of the tert-butyl group in the ab-
sence of CD, respectively. For a given value of K, [COMP] is
known and dCOMP may be calculated from (2) for each [CD]T.
Standard deviation over dCOMP has then to be minimized rela-
tive to K.
Analgorithmic treatment similar to the onedescribed above

was used to calculate the association constant from UV-VIS
data (recorded in the range 200–350 nm). The algorithmic
treatment was applied to derivatives of the UV spectra, so
that no effect from the refractive index relative to the b-CD
was observed.[15]

The values calculated by assuming a 1 :1 inclusion for the b-
CD/1 complex were found to be 28300 M�1 and 26750 M�1

from 1H NMR and UV-VIS data, respectively. The value re-
ported in the text is an average of these two values
(27500 M�1). In the case of the methylated b-CD/1 inclusion
complex, the values found from 1H NMR and UV-VIS data
were higher: 39900 M�1 and 37300 M�1, respectively. The val-
ue reported in the text is also an average of these two values
(38600 M�1). The very low discrepancy observed between
the association constant values derived by the two techniques
proves the reliability of the corresponding measures.

Computer Generated Illustrative View of the 1 :1
Inclusion Complex between 1 and b-CD

The steric complementarity between b-CD and phosphane 1
has been illustrated by means of computed three-dimensional
models. The b-CD structure corresponds to a non-distorted
conformation with C7 symmetry, while phosphane 1 has been
constructed by the use of PC Spartan Pro version 1.0.8., and
minimized on the basis of AM1 Hamiltonian. Then, the phos-
phane 1 has been manually docked into the cavity of b-cyclo-
dextrin, so that the induced spatial proximity approximately
corresponds to the cross-peaks observed in the T-ROESY
spectra. The absence of steric hindrance has been checked
for each atom of the inclusion compound.

NMR Study on the [Pd(1)3] Complex

This complex was synthesized according to a modified litera-
ture procedure:[16] Pd(PPh3)4 (412 mg, 0.36 mmol) was dis-
solved in 8 g of degassed toluene under nitrogen. Phosphane
1 (320 mg, 0.53 mmol)was dissolved inD2O(8 g) and cannulat-
ed onto the palladium solution. The mixture was stirred for

30 min at room temperature. After decantation, the aqueous
phasewas recovered. This solution contained the expected pal-
ladium complex [Pd(1)3] and an excess of about 5% of free
phosphane 1 (with regard to the initial amount of phosphane
1). The study in the presence ofmethylated b-CDwas conduct-
ed as follows: to 1 mL of the above [Pd(1)3] solution was intro-
duced under nitrogen the required amount of methylated b-
CD. After 15 min of stirring, the solution was transferred via
cannula into a nitrogen pressurized 5 mm NMR tube.

Catalytic Experiments

Pd(OAc)2 (4.46 mmol, 1 mg), phosphane 1 (40.2 mmol) and the
required amount ofmethylated b-CDwere introduced under a
nitrogen atmosphere into a Schlenk tube containing water
(4 g). After stirring with a magnetic bar for 1 h, the yellow sol-
ution was transferred into a mixture of allyl undecyl carbonate
(446 mmol), diethylamine (892 mmol) and heptane (4 g). The
medium was stirred at 1000 rpm at room temperature and
the reaction was monitored by quantitative gas chromato-
graphic analysis of the organic layer

References

[1] a) G. Wenz, Angew. Chem. 1994, 106, 851–873; Angew.
Chem. Int. Ed. Engl. 1994, 33, 803–822; b) E. Fenyvesi,
L. Szente, N. R. Russell, M. McNamara, in: Comprehen-
sive Supramolecular Chemistry, Vol. 3, (Eds.: J. L. At-
wood, J. E. D. Davies, D. D. MacNicol; F. VRgtle), Perga-
mon, Oxford, 1996, pp. 305–366.

[2] a) H. M. Colquhoun, J. F. Stoddart, D. J. Williams, An-
gew. Chem. 1986, 98, 483; Angew. Chem. Int. Ed. Engl.
1986, 25, 487–507; b) F. M. Rayma, J. F. Stoddart,
Chem. Ber. 1996, 129, 981–990.

[3] See for example: a) S. Lima, I. S. GonSalves, P. Ribeiro-
Claro, M. Pillinger, A. D. Lopes, P. Ferreira, J. J. C. Teix-
eira-Dias, J. Rocha, C. C. Romao, Organometallics 2001,
20, 2191–2197; b) S. Aime, H. C. Canuto, R. Gobetto, F.
Napolitano, Chem. Commun. 1999, 281–282; c) S. Wei-
den, Z. Pikramenou, Chem. Commun. 1998, 1473–
1474; d) G. Meister, H. Stoeckli-Evans, G. SUss-Fink, J.
Organomet. Chem. 1993, 453, 249–253; e) B. Klingert,
G. Rihs, Organometallics 1990, 9, 1135–1141; f) L.
Song, Q. Meng, X. You, J. Organomet. Chem. 1995, 498,
C1-C5; g) M. Shimada, A. Harada, S. Takahashi, J.
Chem. Soc. Chem. Commun. 1991, 263–264; h) P. P. Pa-
tel, M. E. Welker, J. Organomet. Chem. 1997, 547,
103–112.

[4] D. R. Alston, A. M. Z. Slawin, J. F. Stoddart, D. J. Wil-
liams, R. Zarzycki, Angew. Chem. 1988, 100, 1215–
1516; Angew. Chem. Int. Ed. Engl. 1988, 27, 1184–1185.

[5] a) L. Caron, M. Canipelle, S. Tilloy, H. Bricout, E. Mon-
flier, Eur. J. Inorg. Chem. 2003, 595–599; b) E. Monflier,
H. Bricout, F. Hapiot, S. Tilloy, A. Aghmiz, A. M. Mas-
deu-Bultó, Adv. Synth. Catal. 2004, 346, 425–431.

[6] O. Stelzer, in: Aqueous-Phase Organometallic Catalysis,
(Eds.: B. Cornils, W. A. Hermann), Wiley-VCH, Wein-
heim, 1998, pp. 71–89.

Second-Sphere Coordination Adducts Possessing Catalytic Activity COMMUNICATIONS

Adv. Synth. Catal. 2004, 346, 1449–1456 asc.wiley-vch.de G 2004 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim 1455



[7] M. V. Rekharsky, Y. Inoue, Chem. Rev. 1998, 98, 1875–
1917.

[8] L. Fielding, Tetrahedron 2000, 56, 6151–6170.
[9] H. J. Schneider, F. Hacket, V. RUdiger, Chem. Rev. 1998,

98, 1755–1785.
[10] C. Binkowski, J. Cabou, H. Bricout, F. Hapiot, E. Mon-

flier, J. Mol. Catal. A. Chem. 2004, 215, 23–32.
[11] a) J. P. Genêt, M. Savignac, J. Organomet. Chem. 1999,

576, 305–317; b) R. Widehem, T. Lacroix, H. Bricout,
E. Monflier, Synlett. 2000, 5, 722–724.

[12] T. Lacroix, H. Bricout, S. Tilloy, E. Monflier, Eur. J. Org.
Chem. 1999, 3127–3129.

[13] S. Murphy, X. Yang, G. B. Schuster, J. Org. Chem. 1995,
60, 2411–2422.

[14] G. M. Kosolapoff, L. Maier, Organic Phosphorus Com-
pounds, Wiley interscience: New-York, 1972, Vol. 1.

[15] D. Landy, S. Fourmentin, M. Salome, G. Surpateanu, J.
Inclusion Phenom. 2000, 38, 187–198.

[16] W. A. Herrmann, J. Kellner, H. Riepl, J. Organomet.
Chem. 1990, 389, 103–128.

COMMUNICATIONS Laurent Caron et al.

1456 G 2004 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim asc.wiley-vch.de Adv. Synth. Catal. 2004, 346, 1449–1456


