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Abstract: Reversible coordination networks were prepared by combining diphenylphosphinite telechelic
polytetrahydrofuran (2) with [RhCI(COD)]. or [IrCI(COD)] in chloroform. Both systems resulted in stable
gels at concentrations above 50 and 30 g/L for the rhodium(l) and iridium(l) networks, respectively. The
rheological properties of the two coordination networks (100 g/L) were determined with oscillatory shear
experiments, which showed that the elastic moduli are constant over a wide frequency range, indicating
gel-like behavior; the iridium(l) gel has an elastic modulus distinctly higher (2.8 x 10° Pa) than that of the
rhodium(l) gel (1.0 x 10° Pa). Ultrasonication of the rhodium(l) gel caused liquefaction after 3 min; regelation
occurred 1 min after sonication was stopped. The iridium(l) gel was also liquefied after 3 min of sonication,
but regelation took 1.5 h at room temperature and more than 10 days at —20 °C. 3P NMR measurements
on model complexes showed that the large differences in gelation times are in agreement with the ligand
exchange kinetics of the rhodium(l) and iridium(l) complexes. We propose that sonication of the gels results
in ligand exchange, which changes the network topology without changing the coordination chemistry.
Upon sonication, the fraction of metal centers in active cross-links decreases and thereby reduces the gel
fraction to zero. The system is not at equilibrium, and upon standing the gel fraction increases at a rate
that is determined by the exchange kinetics of the metal complex. The observed effects offer opportunities
to use ultrasound in the activation of dormant transition metal catalysts.

Introduction Scheme 1. Synthesis of Diphenylphosphinite Telechelic
Polytetrahydrofuran 2
Reversibly controlling the rheological properties of fluids may H ) OH  CIPPh, NEt,  ph,p o
. (o] —_— (e} “SPPh
fully alter the way everyday appliances such as clutches, brakes, \E /\/\j: 20°C \( /\/\2/ :
and vibration damping equipment operate. Whereas electro- 2, M, = 1.8 x 10° g/mol

rheological~* and magnetorheological materfisre based on
macroscopic phenomena, more recently several molecularylphosphine telechelic polytetrahydrofuran with palladium(Il)
approache’s have been developed where use is made of dichloridel Sonication of solutions of these polymers in toluene
temperature, pH;1° and light1? as external stimuli. The led to a reversible decrease in molecular weight and viscosity.
ultrasound-induced reversible gelation of solutions of dinuclear The alkyldiphenylphosphine-based coordination polymers were
palladium(ll) salicylidene complexes reported by Naota and shown to reach equilibrium 1 day after sonication, whereas
Koori is certainly one of the most intriguing examplés. equilibration of alkyldicyclohexylphosphine-based coordination
Recently, we reported on the development of high molecular polymers took approximately 60 day/sThese results show that
weight linear coordination polymers by combining diphen- ultrasonication of linear coordination polymers can be used to
change rheological properties.

(1) Halsey, T. CSciencel992 258 (5083), 761766. However, much more dramatic changes in rheological
(2) Hao, T.Adv. Mater. 2001, 13 (24), 1847-1857. i iti i i
(3) Wen, W. 3. Huang, X. X Yang. S. H.: Lu. K. Q.. ShengNat. Mater. properugs may be expgcted near the _crltlcal pomt_ of p_hyS|caI
2003 2 (11), 727-730. gels which can be obtained by increasing the functionality of a
(4) Stanway, R., Sproston, J. L.; ElWahed, A. 8mart Mater. Struct1996 coordination polymer above %.Such coordination networks,

5 (4), 464-482.
(5) Odenbach, Snt. J. Mod. Phys. B00Q 14 (16), 1615-1631.
(6) Carlson, J. D.; Catanzarite, D. M.; St. Clair, K. lt. J. Mod. Phys. B (11) Li, Y.; He, Y.; Tong, X.; Wang, XJ. Am. Chem. So2005 127(8), 2402~
1996 10 (23—24), 2857-2865. 2403

(7) Paulusse, J. M. J.; Sijbesma, R.Angew. Chem., Int. EQ006 45 (15), (12) de Jong, J. J. D.; Hania, P. R.; Pagzlys, A.; Lucas, L. N.; de Loos, M.;
2334-2337. Kellogg, R. M.; Feringa, B. L.; Duppen, K.; van Esch, J.Ahgew. Chem.,
(8) Zhou, S. L.; Matsumoto, S.; Tian, H. D.; Yamane, H.; Ojida, A.; Kiyonaka, Int. Ed. 2005 44 (16), 2373-2376.
S.; Hamachi, IChem=—Eur. J. 2005 11 (4), 1130-1136. (13) Naota, T.; Koori, HJ. Am. Chem. So2005 127 (26), 9324-9325.
(9) Nijenhuis, K. T.; Mensert, A.; Zitha, P. L. Rheol. Acta2003 42 (1-2), (14) Paulusse, J. M. J.; Sijbesma, RAPgew. Chem., Int. E@004 43 (34),
132-141. 4460-4462.
(10) Ghoussoub, A.; Lehn, J. NChem. CommurR005 (46), 5763-5765. (15) Paulusse, J. M. J.; Sijbesma, RGhem=—Eur. J.2006 12, 4928-4934.

2392 = J. AM. CHEM. SOC. 2007, 129, 2392—2397 10.1021/ja067523c CCC: $37.00 © 2007 American Chemical Society



Reversible Mechanochemistry of Coordination Networks ARTICLES

W 1:1
1:2

CPRUIIRNY L 1:4

RSOSSN L 1:10
W l'V\"\-VM Free ligand

145 140 135 130 125 120 115 110
Chemical Shift (ppm)

Figure 1. 3P NMR spectra of rhodium(l) chloride complexes of ligahdt different rhodium-to-phosphinite ratios.
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Figure 2. 3P NMR spectra of iridium(l) chloride complexes of ligaadt different iridium-to-phosphinite ratios.

Table 1. 3P NMR Chemical Shifts (ppm) of Rhodium(l)
Complexes of 1 in CD.Cl,

. Tris-Phosphinite
species shift (ppm)? Jrn—p (H2) Jp—p (H2)
1, free ligand 113.0s
[Rh(1)4]ClI 130.7d 155.6
[RhCI(1)3] 119.5dd 162.1 40.1 NaBPh,
126.1dt 208.2
[RhCI(1)2]2 117.3d 1754
[Rh(COD)Q)] 127.3d 223.4 .

. . Tetrakis-Phosphinite
as = singlet, d= doublet, t= triplet.

containing reversible cross-links, allow the material to respond i
to changes in its environment, such as temperature and.. . Eqforced formation of [RI)JBPh (left) and [Ir@)JBPh (right
concentration. Rowan et al. reported on mechanoresponsivein THF causing gelation.

coordination network&’-18 Reversible linear coordination poly-

mers based on bifunctional pyridine bis(imidazolyl) ligands and  Lanthanoid ions were also used by Suli#ioand co-workers
Zn2+ or Co*™ were extended with lanthanoid ions (3% offEu  to prepare water soluble reversible coordination netw&tkS.
or La*"), which act as reversible cross-links between the Bifunctional pyridine bis(carboxylate) ligands were combined
polymer chains and led to the formation of thixotropic gels.  with neodymium(lll) and lanthanum(lll) metal centers. These

(16) Flory, P. J.Principles of Polymer ChemistryCornell University Press: (19) Vermonden, T.; de Vos, W. M.; Marcelis, A. T. M.; Sudteo, E. J. R.

Ithaca, NY, 1953; p 672. Eur. J. Inorg. Chem2004 (14), 2847-2852.
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(18) Weng, W.; Beck, J. B.; Jamieson, A. M.; Rowan, S1.JAm. Chem. Soc. A. T. M.; Hennink, W. E.; Sudhiter, E. J. R.; Cohen Stuart, M. A. Am.
2006 128(35), 11663-11672. Chem. Soc2004 126 (48), 15802-15808.
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Figure 4. Oscillatory shear measurements of coordination networks in @HZéquency-dependent storade) @nd loss ©) moduli of rhodium(l) gel
(left) and iridium(l) gel (right) in chloroformd = 100 g/L, T = 0 °C).

T=

Iridium(l)-based gel 3 days after sonication, kept-&0 °C (left) and afte 1 h at 20°C (right).

-20°C T=+20°C

Figure 5.

Scheme 2. Equilibria between the Different Rhodium(l) Phosphinite Complexes
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Scheme 3. Equilibria between the Different Iridium(l) Phosphinite Table 2. 3P NMR Chemical Shifts (ppm) of Iridium(l) Complexes
Complexes of 1 in CDCls
P o] al species shift (ppm)? Jp—p (H2)
p—it—p| cr ;Ir:, P—!r—P ;Ir:, \Ir/ 1, free ligand 111.3s
Ir ’ i N [Ir(1)4Cl 115.6s
p p P [IrCI(1)3] 106.9d 31.4
85.6t
[IrCI(COD)(2)] 98.9s

lanthanoid metals can accept up to three of these ligands and
may lead to cross-linked systems. The viscoelastic behavior of
the neodymium based system, however, indicated that the
system did not form a gelated network, because the averagechemistry, although their ligand exchange kinetics are very
functionality was reduced by cyclization. different?* Rhodium features fast exchange kinetics and is
Poly(4-vinylpyridine) can be regarded as a polyfunctional applied in many different catalytic reactioffslridium is also
ligand, and in combination with bifunctional palladium(ll) and ~used in many catalytic reactions, but due to its higher stability
platinum(ll) pincer complexes this polymer has been used to it has, for example, also been used to isolate analogues of
form a highly cross-linked systef.Using small variations in ~ unstable rhodium intermediate species in hydroformylatfon.
the pincer ligand, Craig et al. were able to study the influence The preparation and characterization of rhodium(l) and iridium-
of the thermodynamics and kinetics of ligand exchange on (I) coordination networks are described, and ultrasonic switching
rheological properties of the coordination netwd#k3 of their rheological properties is reported.
Here, we report on the reversible mechanochemistry of oo s
coordination networks containing rhodium(l) and iridium(l).
These metal ions were selected for the development of reversible Ligand Synthesis. Initial attempts to form complexes of
coordination networks, because they readily coordinate four rhodium(l) chloride with 1-dodecyldiphenylphosphifhevere
phosphorus ligands. The two metals have similar coordination

as = singlet, d= doublet, t= triplet.
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Figure 6. Kinetics plots of rhodium(l) tetrakisphosphinite (left) and iridium(l) tetrakisphosphinite complexes (right) reacting with their correzpoetdin
precursors (IM{lo/M) vs time; Mg andM are, respectively, the initial concentrations and the concentrations at tifritne tetrakisphosphinite complexes;
0.4 M of 1in CDCl;; T = 20 °C).

successful, but the complexes were found to be very labile andIncreasing the metal quantity to 0.5 equiv caused a decrease in
to decompose rapidly in the presence of oxygen. Strong both the tetrakis- and the trisphosphinite species, and a doublet
coordination is easily achieved whernacceptor ligands are  emerged at = 117.3 ppm Jrn—p = 175.4 Hz). This species
employed?® Alkyldiphenylphosphinite ligands were selected so corresponds most likely to a chloride-bridged dinuclear rhodium-
as to obtain a kinetically stable system to facilitate characteriza- (1) species: [RhCI),].. At a stoichiometric metal-to-ligand
tion. The small monofunctional 1-dodecyldiphenylphosphinite ratio, another species appeargat 127.3 ppm Jrh-p = 223.4
1 was used as a reference. For the development of reversibleHz), which we tentatively assign to the mononuclear RhCI-
coordination networks, a polymeric diphenylphosphinite ligand (COD)(1). Scheme 2 shows the equilibria between the different
was synthesized by functionalization of hydroxyl telechelic rhodium(l) phosphinite complexes.
polytetrahydrofuran (Scheme 1). The diol was reacted with  Iridium. The complexation of phosphinité with [IrCl-
chlorodiphenylphosphine in the presence of triethylamine, and (COD)], is similar to that with the rhodium(l) dimer. Adding
polymeric ligand2 was obtained as an oil that slowly crystallized the iridium(l) dimer to a solution of in deuterated chloroform
out M, = 1.8 x 10° g/mol, M,,/M, = 1.9).H, 13C, and3'P first gave the orange-red tetrakis phosphinite comple)Jj{
NMR analysis established complete conversion of the alcohol Cl with a signal atd = 115.7 ppm?3 In contrast to the rhodium-
into the phosphinite. (I) complexes, this was the sole species observed at 1:4 metal-
Complexation Stoichiometry. To obtain a coordination  to-ligand stochiometry. Addition of iridium(l) to give a 1:3
network, each metal center must connect on average more thaimetal-to-ligand ratio led to the formation of two additional
two bifunctional ligands. To determine the number of ligands complexes, a trisphosphinite species [IA04], which is ob-
that is bound in rhodium and iridium complexes, their com- served atd = 106.9 ppm (doublet)p—p = 31 Hz) and 85.6
plexation stoichiometry was investigated. Solutions ¢0.10 ppm (triplet), and the mononuclear [IrCI(CORD)[ complex,
M in CDClI3) were mixed with [RhCI(COD}]and [IrCI(COD)}, observed ad = 98.9 ppm. Mixing the metal precursor in a 1:2
and the samples were analyzed wi® NMR spectroscopy.  stoichiometry with1 resulted in exclusive formation of the
The3'P NMR spectra and chemical shifts corresponding to the mononuclear species. Whereas the rhodium(l) system gave rise
rhodium(l) complexes are depicted in Figure 1 and summarized to a chloride-bridged dinuclear complex at a 1:2 metal-to-ligand
in Table 1; those for the iridium(l) complexes are presented in ratio, no such species was observed for the iridium(l) system.
Figure 2 and Table 2. Although mention is made in literature of iridium(l) penta-
Rhodium. Upon addition of 0.1 equiv of [RhCI(COD)to a kisphosphinite complexe¥d,no pentakis complex was observed
solution ofl, a broad doublet appeareddat= 130.7 ppm which here, not even when a 10-fold excess of the ligand was used,
sharpened upon cooling to°C (Jrn-p = 155.6 Hz), while free probably because the phosphinite ligand is too bé¥#§cheme
ligand 1 (6 = 113.0 ppm) was also still present. The doublet 3 shows the equilibria between the different iridium(l) phos-
was assigned to a cationic tetrakisphosphinite speciedJih( phinite complexes.
Cl1.2% Further addition of [RhCI(COD}](0.25 equiv in total) Preparation of Rhodium(l) Coordination Networks. With
led to an increase in the tetrakisphosphinite species andthe knowledge that rhodium(l) can coordinate up to four
appearance of a new set of signals. The observation of a doubletlkyldiphenylphosphinite ligands, we employed polymeric phos-

of doublets ¢ = 119.5 ppmJrp—p = 162.1 Hz,Jp_p = 40.1
Hz) and a doublet of tripletsd(= 126.1 ppmJgrpr-p = 208.2
Hz, J—p = 40.1 Hz) is consistent with the presence of a square
planar trisphosphinite complex Rh@)§, in which the two

phinite ligand2 to obtain a reversible coordination network.
Ligand2 was complexed with [RhCI(CODyjn a rhodium-to-
phosphorus stoichiometry of 1:4. Several solvents were used,
but stable gels were only obtained in chloroform and dichlo-

phosphorus atoms cis-coordinated to the chloride couple with romethane at concentrations of 50 g/L or higher. The gels

the single phosphorus trans-coordinated to the chloride &d#.

prepared in dichloromethane and chloroform were diluted to

(28) Wu, M. L.; Desmond, M. J.; Drago, R. Biorg. Chem1979 18(3), 679~
686

(29) Gimeez-Pedts, M.; Aghmiz, A.; Ruiz, N.; Masdeu-BultA. M. Eur. J.
Inorg. Chem.2006 (5), 10671075.

(30) Niyomura, O.; lwasawa, T.; Sawada, N.; Tokunaga, M.; Obora, Y.; Tsuji,
Y. Organometallics2005 24 (14), 3468-3475.

(31) Elsevier, C. J.; Kowall, B.; Kragten, thorg. Chem1995 34 (19), 4836~
4839

(32) Naaktgeboren, A. J.; Nolte, R. J. M.; Drenth, WAm. Chem. S0d.98Q
102 (10), 3356-3354.

(33) Couch, D. A.; Robinson, S. Dnorg. Chem.1974 13 (2), 456-462.

(34) Klein, S. I; Nixon, J. FJ. Organomet. Chen1986 304 (3), 371-379.

J. AM. CHEM. SOC. = VOL. 129, NO. 8, 2007 2395



ARTICLES Paulusse et al.
&-1 r\_lov—» S 68, o= o
"2 7 Ultrasound 4‘\\’O S Yf Og —10
o 47 i d%)? P/@? S
f \‘* A C}Og Caf Jan

Figure 7. Proposed effects of sonication on the coordination networks, resulting in loss of the gel fraction.

Scheme 4. Reaction of Tetrakis- and Trisphosphinite Complexes with the Corresponding Metal Precursors To Assess the Ligand Exchange

Rates (P = Ligand 1)
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P
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25 g/L, to break up the gels, and analyzed witR NMR
spectroscopy. Nearly identical chemical shifts and coupling
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Oscillatory Shear Experiments. Oscillatory shear experi-
ments were performed on the chloroform-based rhodium(l) and

constants were observed for the rhodium(l) complexes measuredridium(l) gels to investigate their shear rate-dependent me-
in chloroform, suggesting the presence of the same complexeschanical properties (Figure 4). The gels were measured under a

31P NMR spectroscopy indicated the presence of the rhodium-

(I) tetrakisphosphinite species together with the rhodium(l)

nitrogen atmosphere and atO to prevent solvent evaporation.
The curves of the rhodium(l) gel (open symbols) indicate

trisphosphinite species in approximately equal amounts. The gel-like behavior as the storage modul@)(is independent of
solutions in THF, toluene, tetrachloroethylene, dioxane, diethyl shear rate down to a frequency of 0.2 rad/s and significantly
ether, and tetrachloromethane, which did not gelate, were alsolarger than the loss modulu&(). A value of 1x 10® Pa was

analyzed with*®P NMR, which revealed that in these solvents
only the rhodium(l) trisphosphinite species and free liga&nd
were present. Formation of a gel or infinite network requires

found for the storage modulus in the frequency range of-100
0.1 rad/s; at lower frequencies the storage modulus decreases
rapidly. The loss modulus displays low values at high frequen-

that polymer chains be connected to each other via active cross<ies (<100 Pa), while increasing at low frequencies to 300 Pa

links. Due to the lower functionality of the trisphosphinite

at 0.002 rad/s. At a frequency of 0.004 rad/s, the storage and

speciesf(= 3), a substantially higher degree of conversion has loss moduli for the rhodium gel cross and the system starts

to be achieved to reach the gel potfitin addition, at this
stoichiometry, a larger fraction of free liganid= 1) is present,
further lowering the overall functionality. The importance of
the tetrakisphosphinite complek € 4) was validated by its

enforced formation through replacement of the chloride coun-

terion by a noncoordinating counterion (Figure 3). To a solution
of 2 and [RhCI(COD)} (1:4 rhodium-to-phosphorus stoichi-
ometry) in THF (100 g/L), sodium tetraphenylborate in a drop

displaying liquidlike behavior.

The behavior of the iridium(l) gel (closed symbols) resembles
that of the rhodium(l) gel, with a plateau value of the storage
modulus (2.8x 10° Pa) that is approximately three times higher
than the storage modulus found for the rhodium(l) gel. The loss
modulus of this material shows a maximum at 0.4 rad/s and is
lower than the storage modulus over the entire frequency range.

Both materials exhibit gel-like behavior, but the iridium(l)

of methanol was added. Immediately after addition, the solution gel has a considerably higher storage modulus. Employing

gelated.®’P NMR analysis confirmed the formation of the
tetrakisphosphinite complex.

Preparation of Iridium(l) Coordination Networks. The
stoichiometry studies witlh showed that exclusive formation
of the iridium(l) tetrakisphosphinite complex is readily achieved
at an iridium-to-phosphorus ratio of 1:4. Upon complexation
of the polymeric phosphinite ligariwith [IrCI(COD)],, stable

iridium(l) chloride instead of rhodium(l) chloride to build up a

coordination network thus results in a stiffer gel.
Ultrasonication of Rhodium(l) Coordination Networks. A

gel was prepared by mixing [RhCI(COR}nd polymeric ligand

2 in chloroform (75 g/L). This gel was loaded into a water-

cooled reaction vessel, and the sonication probe was positioned

in the gel together with a digital thermometer. During sonication,

gels were formed in chloroform at concentrations as low as 30 the material around the probe rapidly became liquid and a cloud
g/L. In contrast to the rhodium(l)-based gels, where gelation is of bubbles appeared. After 3 min, the gel had completely

almost instantaneous, the formation of the iridium(l) gels took
approximately 30 min.

Preparation of an iridium(l) gel in THF was not successful.
31P NMR analysis showed that only the iridium(l) trisphosphinite
complex and free ligand were present. Just as for the rhodium-
()-based system in THF, abstraction of the chloride anion with
sodium tetraphenylborate led to the formation ofg)§[BPh,

(f = 4) and a stable gel formed instantaneously (Figure 3).

2396 J. AM. CHEM. SOC. = VOL. 129, NO. 8, 2007

liquefied. When sonication was stopped, a stable gel was
reestablished within 1 min. During the first 3 min of sonication,
the temperature rose to 48, although the sample was cooled
with 15°C water. The gel functions as an insulator, and cooling
is therefore poor until complete liquefaction. After liquefaction,
the temperature stabilizes at 33, considerably lower than the
melting temperature of the gel (51C). Liquefaction can
therefore not be explained by thermal effects alone. It is
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proposed that reversible scission of coordinative bonds plays ainteractions between the cationic tetrakisphosphinite complexes,
major role and enables the formation of a metastable state.further increasing the number of active cross-links. Such
Experiments with gels prepared in dichloromethane were interactions have been observed earlier by Rowan ét al.
troublesome, because of solvent evaporation. Sonication of However!H DOSY NMR spectroscopy on the [IE);]CI model
chloroform-based gels at a concentration of 100 g/L resulted system showed the absence of aggregation of this complex in
only in liquefaction of a small portion of the gel. CDCls; we therefore do not expect the tetrakisphosphinite
Ultrasonication of Iridium(l) Coordination Networks. complexes in the network to give rise to aggregaffon.

Iridium(1)-based gel was prepared in chloroform at a concentra- _ Sonication of the gels caused liquefaction of the gels within
tion of 50 g/L by mixing the [IrCI(COD)] with polymeric ligand 3 min. Whereas the rhodium(l)-based system forms a gel almost
2 (IfP = 0.25). This gel, which has a gel dissociation |mmed|ately_after sonication is stopped, the |r|d|um(l)?based
temperature of 50C, was sonicated in the same manner as the system requires 1'5, h ‘?‘t room temperature tg reconst!tute the
thodium gel, and after approximately 3 min, the gel had gel.31P NMR analysis directly after the sonication experiments

completely liquefied. During this time, the temperature rose from d'c\j,\?Ot shciwdthtehptrese_nc? of .ar(;y freel_llgagd. h but d
12 to 30 °C (temperature of cooling water 12C). After € conciude that sonication Induces figand exchange but does

. . . . not change coordination stoichiometry. Instead, the action of
liguefaction, the temperature remained constant at appmx'matelymechanical forces on the network leads to a change in topolo
28 °C. When sonication was stopped, the gel remained liquid 9 pology

. ) . . . and decreases the fraction of metal centers engaged in active
for a considerably longer time than in the experiment with the gag

. . . cross-links. The gel fraction is thereby converted into sol (Figure
rhodium(l)-based gel. Gelation occurred after approximately 1.5 7). After liquefaction, the system is not at equilibrium, and upon
h. When a solution obtained by heating the gel above its melting ! '

. led i bath (F lati g standing the gel fraction increases again at a rate that is
pc.)m.t was cooled in a water a.t (I), ge.atlon oceurre determined by the exchange kinetics of the metal complex. In
within minutes, showing a gelation mechanism different than

) . L i . the absence of free ligand, the rate-limiting step is the dissocia-
that for the gel liquefied through sonication. This was confirmed o, of phosphinite ligands. Reconstitution of the gel is therefore

by placing a freshly sonicated iridium(l) sol &20°C. At this expected to correspond to the kinetics of the process depicted
temperature, the liquid did not gelate even after 10 days, but aj, scheme 4.
sample taken from this liquid and kept at room temperature  yjtrasound induces stronger rheological effects on gels than
(20 °C) gelated withm 1 h (Figure 5). on linear polymer solution&:15and ultrasonication of gels is
Ligand Exchange RatesThe very different behavior of the  also expected to result in more effective bond scission, because
sonicated gels prompted us to investigate the rate of ligand gels are infinitely large molecules on which the mechanical
exchange of the rhodium(l) and iridium(l) complexes. These forces of ultrasound act more stronghQuantification of bond
rates were determined by adding the metal precursors to thescission requires kinetically stable systems, and the iridium(l)
trisphosphinite and tetrakisphosphinite complexes (Scherfte 4). phosphinite coordination networks studied here are promising
Formation of new complexes can only occur by dissociation of systems for further quantification studies. The stability of the
the phosphinite ligands, which is therefore representative for coordination networks may be increased even further by
the ligand exchange rate. employing betterr-acceptor ligands such as phosphites, which

31p NMR analysis showed that conversion of the rhodium(l) !ead to even stronger coordinative borids. .
tetrakisphosphinite complex to the trisphosphinite and bisphos-  The use of ultrasound as a rheology switch for reversible gels
phinite complexes followed first-order kinetics €& 26 min is not limited to the coordination networks reported here. Many
Figure 6, left) Similarly, when [IrCI(COD)] was added to a phye_:ica_l networks with slow exchange kinetics are kné_@vn_.
solution of tetrakisphosphinite iridium(l) chloride, the formation SOnication of such gels may lead to even slower reconstitution
of iridium(l) trisphosphinite and monophosphinite complexes of the gels than for_the experiments described here. Invespgatmg
was observed. This reaction also followed first-order kinetics, the mec hgnoc_:hemlstl_ry of _reverS|bIe networks pased on different
but with 7 ~ 10 days (Figure 6, right). This shows that the cross-linking interactions is therefore of great interest and may

combination of alkyldiphenylphosphinite ligands with iridium- €24 {0 practical applications in stimuli-responsive materials or
(1) chloride leads to a system in which the ligand exchange may facilitate the processing of highly viscous materials.
processes are very slow Finally, one of the most significant effects of reversibly

breaking coordinative bonds in the rhodium(l) and iridium(l)
Discussion and Conclusions coordination networks is the transient formation of coordina-
tively unsaturated metal complexes. Such species are known to
Combining diphenylphosphinite telechelic polytetrahydro- pe excellent catalysts in a multitude of reactions. The current
furan with either rhodium(l) or iridium(l) chloride leads to  coordination networks are promising systems to probe the
coordination networks, which both form stable gels in chloro- influence of mechanical forces on catalytic activity and selec-
form. The coordination chemistry of the two metals is similar tivity.

as shown with31P NMR. In both systems, the presence of
tetrakisphosphinite complexes was essential to obtaining stable,
gels. One explanation for this observation is the requirement
for sufficiently high degrees of functionality in the systems,
which are not reached with only trisphosphinite complexes
present. An alternative explanation is the presence of additional JAO67523C

(36) Details on the!H DOSY NMR measurements can be found in the
(35) Experiments were performed in CR@It 20°C, at a concentration of 0.4 Supporting Information.

M with respect to ligand.. A stoichometric excess of metal precursor was  (37) Basedow, A. M.; Ebert, K. HAdv. Polym. Scil1977 22, 83—-148.

added to the solution, and spectra were gathered during regular intervals. (38) te Nijenhuis, KMacromol. Symp2001, 171, 189-200.

Supporting Information Available: Experimental procedures,
H, 13C, and3P NMR of polymeric ligand2, and diffusion-
ordered NMR spectroscopy of complex B)y{Cl. This material
is available free of charge via the Internet at http://pubs.acs.org.
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