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An improved preparation of mixed ortho-metalated phosphine/succinimidato dirhodium(ll) complexes, [Rha(P(CsCHy)-
Ph,),(OC4NH40),], allowed the isolation and characterization of a new isomeric form having both imidato N donors
trans to P, 1', that adds up to the two already known having both, 1, or only one, 2, of the imidato N donors trans
to the metalated C (Chart 3). The new complex, 1', isomerizes to the thermodynamically stable complex 2 similarly
to what had already been observed for isomer 1. Stoichiometric and kineticomechanistic studies of both isomerization
processes have been carried out. The reactions have been shown to occur via an intramolecular dissociatively
activated process, despite the involvement of the labile axial Rh, coordination sites in the formation of intermolecular
adducts in solution that do not affect the processes. Density functional theory calculations show two transition
states with similar energies for the isomerizations, in very good agreement with the kineticomechanistic measurements.
The calculation of the charge generation in the two distinct transition states, TS1 and TS1', indicates an important
increase in the N negative charge from the reactants, more pronounced for TS1'. This fact agrees very well with
the acceleration observed for the processes in polar solvents, especially for the 1' to 2 reaction, when compared

that for the reactions carried out in toluene.

Introduction

date group$, which were expected to act as O,N donor

As an extension of our previous studies on bis-cyclom- ligands, with a dangling noncoordinated O atom oriented

etalated complexes of general formula JETC)(O,CR),)]
(PC = ortho-metalated triarylphosphin&)® including a
kineticomechanistic interpretation of the processésNe

explored the replacement of the carboxylates by succinimi-
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toward the axial sites of the Rhnit (Chart 1). The aim
was to study the effect of possible modifications in the
selectivity of the catalysts derived from these compounds
by the presence of the above-mentioned dangling O group,
given the fact that these [RIPC)(O.CR),] compounds have
inherent backbone chirality. It is expected that, as described
for 1-methyluracilato complexé&;!* deprotonation of the N
atom increases the electron density atéhecyclic O. The
favorable electron density, as well as the geometry in the
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Mixed Ortho-Metalated Phosphine/Succinimidato Complexes

Chart 1 process could be of interest because it involves the movement
A of two donors of the chelating ligand. Very few studies of
o this type are available, and they are generally related to a
IIR’h/—IIRI( non-metat-metal-bonded Pd or Pt dinuclear cerife¥
17 We present here (i) an improved synthetic method for the
preparation of compoundsand?, (ii) the preparation of an
Chart 2 additional isomerl’, also showing a symmetrical structure
N/N/\’o\o N/O%O\N O/o’\/N\N that rapidly rearranges to form isont&rand (iii) the kinetic
| |/ | / |/ |/ |/ study of the transformation of isomeric forrisand1’ to 2.
/Th /Th /Th /Th /Th /Th Scheme 1 shows the simplified different isomeric forms
o N o) N o N indicated.
. . Results
cis-N,O, cis-N30, cis-Ny - o
Compounds.Modifications to the initial reported methods
Chart 3 for the preparation of [RIP(CsCH4)Ph)(OC4NH40),] in
o the two known isomeric form$ and2 are already available.
~ //>:0 Isomer2 had been conveniently prepared quantitatively by
T/N \/o P™ 0 N thermal exchange of the acetate groups by succinimidate
minmRh Rhmim '"””"ih/ R/h'"”" anlons In [RB(P(CSCH4)PhZ)Z(OZCC|_|3)2]9 leen the faCt
| P/I | /| that isomerl is always obtained together with a similar
S 0s " N amount of 2, we explored the direct reaction of [Rh

solution was stirred for 5 min at room temperature, it was
2 analyzed by*P NMR spectroscopy. Surprisingly, in addition
to isomersl and 2, a new species was also detected in
complexes, should enable the interaction with a possible gojytion,1’, showing a single P resonance at 18.6 pm 6
reactive intermediate complex containing a carbene axially = 144 Hz). The three isomers are present approximately in
coordinated to the Rfunit. a ratio of 1:2:1' = 2:1:1. Changes neither in temperature
Interestingly, because of the unsymmetric character of thenor in the amount of ligand significantly changed the
amidate ligand, the resulting [RI®,N),] units are frequently  resulting product distribution. From the relatively low value
obtained as a mixture of isomers (Chart'2)Chemical  for the Rh-P coupling constant, we conclude that this new
evolution between isomers has been observed after longisomer of [RB(P(CsCHa)Phy)2(OCsNH40),] must contain the
thermal treatment of these mixtures, finally producing isomer two succinimidate ligands bridging symmetrically the bi-
CcisN20, as the major product in solution. Several fRh  nuclear Rh unit, with the N trans to P of the metalated
(O,N)q] complexes have been structurally characterized, but phosphine, rather than to C, as in isoridf When the same
no kinetic study on this particular isomerization process has preparative process was carried out from complexx{Rh
been reported. (P(CsCH4)Phy)2(0O.CCRs),], having more labile CFECOO™
Substitution of the carboxylate groups in the above- ligands, only isomerd and1’ were formed in a 4:1 ratio.
mentioned [RE(PC)(O.CR),] complexes leads to the forma- No other resonances with significant intensity were observed
tion of two fairly inert isomeric compounds having two in the spectrum of the reaction mixture. Although subsequent
succinimidato bridges plus the two cyclometalated phosphineworkup allowed the isolation of pure isomgrall efforts to
ligands. Two [RB(PCRL(C4HiNO,);] species have been isolate pure isomel' failed. 3P NMR monitoring of the
isolated and structurally characterized. Chart 3 indicates themixture indicated that compourid in solution isomerizes
simplified structures showing only the backbone of the to form 2 during workup at a much faster rate than the
bridging phosphine ligan®llsomeric form1 has the two process producing from 1. Given the fact that the reaction
succinimidate groups symmetrically located with the N atoms rates observed for the isomerization of compouhdsdl’
trans to C, while forn® contains both O,N ligands, with the are very different and allow for an independent kinetic
uncoordinated O atom oriented toward the same axial site.treatment (see the following sections), no further attempts
Given the fact that kineticomechanistic studies on isomer- to isolatel” were pursued.
izations of dinuclear compounds of this type have not been Solution Behavior. To establish their relative stability,
reported and that isomelr in solution rearranges to form the time evolution of toluene solutions containing mixtures
isomer2, we decided to explore the solution chemistry and of complexes1l and 1' was monitored by3!P NMR
mechanistic aspects involved in this process. The process

can occur via an inter- or intramolecular fashion; the latter (13) Iwatsuki, S.; Itou, T.; Ito, H.; Mori, H.; Uemura, K.; Yokomori, Y.;
Ishihara, K.; Matsumoto, KDalton Trans.2006 1497-1504.

(14) O’Halloran, T. V.; Lippard, S. dJnorg. Chem1989 28, 1289-1295.

(12) Lifsley, R. S.; Lin, X. L.; Chavan, M. Y.; Ashan, M. Q.; Bear, J. L.  (15) Cridtoph, C.; Blum, P.; Liu, W. C.; Elia, A.; Meek, D. Wnorg.
Inorg. Chem.1987, 26, 830-836. Chem.1979 18, 894-897.

N (P(CsCH4)Ph)2(O2,CCHg)] in a chloroform solution with a
© 0o mixture of succinimide/KOH (1:1 in methanol). After the
1
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spectroscopy. At room-temperature compléx evolves Even with this variable response, the isomerization pro-

completely to2 in a period of 36-40 h, as indicated by the  cesses produced definite changes in the-W\é spectra of
disappearance of the corresponding resonance at 18.6 ppnthe solutions. Its amplitude was found to be dependent on
(Jrnp = 144 Hz) in the®P NMR spectrum. Under these the presence of free succinimide and dirhodium(ll) complex
conditions, complexl does not evolve significantly. The concentration, as shown in Figure 2. This result was
resonance at 23.9 ppndggp = 164 Hz), corresponding to  expected, given the different response to concentration
complex1, only shows a significant decrease in intensity mentioned before. Nevertheless, jof##® NMR and UV-
upon heating of the system at PC. Appearance of the vis spectroscopy monitoring indicated that the processes
subsequent two signals corresponding to the unsymmetricalcould be checked by any of these two procedures and that
complex?2 takes place during a period of ca—8 h under the time required for the complete transformations is
these conditions. During both processes, no other signalsindependent of any of the concentrations used in the
were observed in th#P NMR spectrum, indicating that no  experiments (see the Kinetics section).

intermediate species can be detected during the isomerization Kinetics. Both processes leading ffrom 1 and1’ have

of both complexed and1'. These reactivity patterns were been monitored kinetically by standard BVis spectroscopy
observed independently of the concentration of the speciesin toluene solution. Figure 2 shows the spectroscopic changes
present and the presence of free succinimide (a commongbserved during some of the isomerization processes studied.
compound present in the reaction mixture) in the reaction The absorbance variations at any wavelength are good first-
medium. order traces, as expected from the presence of isosbestic

Monitoring of the reactions in UVvis cells via electronic  points during full spectrum monitoring. The values for the
spectroscopy produced similar results. Surprisingly, though, observed rate constants are collected in Table S1 of the
the spectra of the different species in toluene solution did Supporting Information as a function of the complexes,
not follow Lambert-Beer's law; the electronic spectral concentrations, and different variables used for the study.
characteristics were found to be dependent on the concentraThe observed rate constants are found to be independent of
tion. Figure 1 collects the changes observed on dilution of a the concentration of the Rltomplex and that of the added
toluene solution of complek; similar changes were observed  succinimide ligand. Figure 3 shows this independence for
for solutions containing complexeis and2. The greenish  the reaction frorr to 2 at different temperatures. This fact
dilute samples of the complexes show a spectrum with a s a clear indication of the intramolecular nature of the two
peak at ca. 600 nm, while the absorption of the concentratedisomerization processes, requiring a ligand dissociative
samples is shifted toward the red, having only a single process to take plad@.

maximum at 535 nm. The same hypsochromic shift is  The gependences of the first-order rate constants with
observed in dilute solutions when succinimide is present in temperature and pressure were determined in the usudway.
solution. These shifts are in good agreement with those Figure 4 and Table 1 collect the values fbH*, AS, and
observed for the complexes upon complexation to (élifferent AV* for the systems studied. The values of the activation
Lewis bases through the axial Ritoordinating sites? In enthalpies are large and very similar for the two systems
this respect, the shift observed is found to be more gy,gied, indicative of a highly dissociative activation mode.
concentration-dependent for the complexes, allowing a less A st andAV* for the 1’ — 2 process are also within the range

strained coordination of an oxo group in the axial positions, ¢ yalues expected for this sort of activation process. On
i.e, 1' and 2, than for complexl. Quantification has not

been further pursued.

(17) Tobe, M. L.; Burgess, Jnorganic Reaction Mechanismisongman:
Essex, U.K., 1999.

(16) Esteban, J.; Lahuerta, P.; Lloret, Jrd2ePrieto, J. Unpublished results,  (18) Espenson, J. HChemical Kinetics and Reaction Mechanisms
2006. McGraw-Hill: New York, 1981.
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Figure 1. UV-vis spectral changes obtained upon dilution of a toluene
solution of complext (initial normalized [RM;] = 1.5 x 1073 M).
0.20

the contrary, the values of the volume and entropy of
activation for thel — 2 isomerization process are zero or

slightly positive, in disagreement with the expected dissocia- 0.15
tive activation intramolecular process. The dramatic differ-
ences in the reaction rate constants observed have an entrop
origin, related with a more important disordering expansion
occurring in thel — 2 process. The results obtained
prompted us to determine the rate constants for the reaction<

in a more polar solvent, such as chloroform, to establish if 0.05
an important degree of charge separation is occurring on

going to the transition state. Effectively, the rate constants

ts

ceuni

0.10+

sorban:

obtained in this more polar medium for the—~ 2 and1' — 0.00 -
2 reactions were 5.5 10°and 1.1x 10 s, at 50 and 400 450 500 550 600 650 700
25 °C, respectively. These values represent 2- and 4-fold Alnm

accelerations for the reactions, in good agreement with 0.20
important charge generation in the transition state of the
isomerization processes.

Density Functional Theory (DFT) Calculations.To shed 0.15 4
further light on the mechanisms involved in the isomerization
processes, we performed computational DFT calculations of
isomersl, 1', and2. Computationally, all of the isomers
exhibited very similar energies, with isom&r having the
lowest energy. However, the energy difference was too small
to rule out any of the options; the maximum difference
between the isomers was only about 18 kJ Tholvhich
indicates the probable coexistence of all of the isomeric forms
in the reaction mixtures. Two different transition structures 000
(Scheme 2) were located in the reactions corresponding to .00 480 S0 580 600 €50 700
the sliding movement of the two succinimidato ligands. . . A/nm _ _

The first reacton patf — TS1 - 2,cortesponds fo the - T9U 2 Ly s Sheeva canes aranes i seacn of 3 oene
shift of the succinimidato N from &ransC to atransP 103 M: (b) [Rh'] = 5.0 x 104 M; (c) [Rh'5] = 6.2 x 10 M,
position, while the second, — TS1 — 2, represents the [succinimide]= 5.0 x 1073 M.
shift of the other succinimidato ligand, with the N moving
from atransP to atrans-C position. This difference makes shows the NPA (natural population analysis) charges for
the movement of the two ligands unequal, and therefore two selected atoms involved in the isomerization process, cal-
different transition states can be located. However, the culated in chloroform. During the movement of the succin-
calculations showed very similar activation enthalpies for imidato ligands, considerable charge transfer can be obtained,
the two processes. most clearly seen in the N donor (Figure 5a,b). As the N

Because the energetic considerations did not give furthermoves from the isomet, or 1', to the transition state, the
information on the mechanisms, we studied the charge- negative charge of the sliding N increases notably. When
transfer properties of the different compounds. Figure 5 the reaction proceeds to isom2rthe negative charge of

0.10

Absorbance units

0.05
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[Rh,]/M Table 1. First-Order Rate Constants and Activation Parameters for the
00000 0.0002 0.0004 00006 00008 00010 00012 0.0014 Isomerization Processes Studied in Toluene Solution
0.00014 ————t——————————— 1° x 2% AH* AS* AVH(T)
000013_' reaction st (kdmoll)  (IKImol™d)  (cm®mol?) (K)
] 1—2 0.074 120+ 5 40+ 20 ~0 (348)
0.00012 1—2 3.1 125+ 5 90+ 10 1241 (315)
0.00011 _ og o o o a Extrapolated from Eyring plots.
T 000010 2 oo 2 are considered, a very similar net charge transfer results.
N 000005 ] Parts ¢ and d of Figure 5 show NPA charges for the
' | I - " = . succinimidato O atoms. Here again the charge-transfer
0.00002 - process is clear: when the O moves from a bonding (O1) to
0.00001 a dangling position (02), the negative charge decreases, and
' ] vice versa. Again, the charge of the bonding O depends
0.00000 ——T—————T————T———7 mostly on the nature of its trans ligand.
0.000 0.001 0.002 0.003 0.004 0.005

As for the Rh centers on the parent compound (Figure
o 3. Plots of the ch the val forthel—2 _ 5e,f), the whole ligand environment affects in an important
ir:g;rt‘(a)luéne (s)toslLﬁi;nevzrgggiﬁeocf)nigﬁtlrj;is‘ﬁss gfr tadeded su::?:?r({‘itrlnoirtlie (50 way the Charge of both Rh atoms. In the f,lrs_t t_rans'ﬂ‘?ﬁ
°C, W) or the RH starting material (60C, O). TS1 — 2, the movement of the succinimidato ligand
increases the positive charge of Rh1 while the charge of Rh2
is reduced. However, in the transitidh— TS1' — 2, where
the succinimidato N is originally located trans to P, the larger
change in the negative charge of N reduces the positive
charge of Rh1 while the charge of Rh2 remains the same in
the transition structure. Consequently, in the transition state
TSY, the charge distribution of the two Rh atoms is more
symmetric and the charge-transfer process is more concen-
trated on the moving N atom than w51
1"—2 We have also compared the effect of the isomerization
on selected geometrical parameters, listed in Table 2, where
the values oAH¥(298 K) are also collected. There is a clear
] trans influence from the ligand core in the bonding distances.
0.0(;160 ' 0,06154 ' 0,0(;153 ' 0,06172 ' 0.00I176 ' The Rh—N distance shortens in tie— 2 process from 2.141
K to 2.076 A, while it increases from 2.065 to 2.154 A in the
1' — 2 reaction. The change in the O bonding distances is
724 b also larger for thd' — 2 reaction, which indicates a slightly
_7'3_'\ . . larger overall geometrical change for this process. The Rh
n Rh distance shortens similarly in both transition structures,
1—2 348K indicating an increase in the metahetal interaction result-
ing from the reduced metaligand interaction.

[succinimide] .., /M

9- a

In(kIT)

7.4

-7.54

Discussion

Ink

-7.64

Complexes.The syntheses of compoundsand 2 have
been previously describédBoth compounds were obtained
1'—2 315K together from the reaction of [R{P(CsCH4)Phy)>(O.CCHg),]
with CISiMe;, followed by the addition of succinimide/KOH
—— (1:1) in MeOH, and were isolated by column chromatogra-
0 200 400 600 800 1000 1200 1400 1600 phy. The modified synthetic procedure described here
P /atm improves the yield ofl and allows, as well, the observation
Figure 4. (a)_ Eyring plots for the two isomerization processes studied in of a new isomerl’. At 0 °C, the addition of succinimide/
ts?hudﬁgg. solution. (b) Plots of Ik versus pressure for the two processes KOH (1:1) in MeOH to a solution of [RIP(CsCH4)Phy)s-
(O,CCR),] in CHCI3 provided selectively isomersandl’
the active N decreases again, although not to the original of the general formula [R{P(CsCHa)Phy)2(OCsNH4O);].
value given the different trans influence for the two moving  Both isomers undergo chemical evolution to fohon
succinimidates. The degree of charge transfer is larger forstanding in solution. In fact, the poor stability Bfin solution
the transition statd'S1', where N moves from #&ransP prevented us from obtaining single crystals for X-ray
position to atrans-C position, than foiTS1, where the shift structure determination. The structure of this isomer has been
is the opposite. When the transition§1 — 2 andTS1— so established from thé'P NMR data. Bothl and 1'
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Figure 5. Computational NPA charges in a chloroform solution for selected atoms directly involved in the isomerization process. (a and b) Charge of N
in the succinimidato ligands. q(N1) corresponds to the moving succinimidato ligand and g(N2) to the unsliding one. (c and d) Charge of O in théaaccinim
ligands. q(O1) corresponds to the shift from bonding to a dangling position and q(0O2) to the inverse shift. (e and f) Charge of Rh atoms. The numbering
scheme and the structures of the compounds are presented in Scheme 2.

compounds have a symmetric spectrum, showing only onehave very different values, 171 and 146 Hz foand 1',

3P NMR resonance. However, thg,p coupling constants  respectively. This difference can only be attributed to the
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Table 2. Selected Bond Lengths for the Compounds Calculated at the  for further reactivity’ For other reactions studied on this type

DFT Levef of complexes, which involved €H bond activation via
species d(Rh—N)/A  d(Rh—O1)/A  d(Rh-02)/A  d(Rh—Rh)/A electrophilic substitution, the use of the axial coordination
1 2.141 2.131 3.440 2.513 sites proved to be crucial for both stoichiometric and
TSI 2.535 2.589 2.759 2.476 electronic catalytic reasords\evertheless, although for the
i g:ggg ggzg gégg gg%‘ll isomerization reactions studied these positions are not
TS1° 2.461 2.887 2.487 2.477 involved in the rate-determining step of the reaction, their
2 2.154 3.449 2121 2.514 involvement in non-rate-determining processes cannot be

aThe distance for the moving atoms is measured from the nearest Rh ruled out. The neat nature of the processes observed by UV
atoms. O1 represents the originally bonding O and O2 the dangling one vis and3!P NMR spectroscopies indicates that no buildup
(see Scheme 29.AH*(298 K) = 109.7 kJ mot? in toluene.c AH*(298 . . . . .
K) = 108.5 kJ mot™ in toluene. of mtermed@tes eX|st§ in .these reactions. .
The kinetic and activation parameters obtained for the
presence in each compound of a different trans atom to P,reactions studied are indicative of a dissociative activation

that is, O in1 and N in1'. Considering that compour® of the process taking place in an intramolecular manner. The
which has the two P nonequivalent nuclei in precisely these process has to involve, as shown in the DFT calculations,
two environments, shows similar coupling constant values, the dissociation of both the RN and Rh-O bonds,

178 and 146 Hz, the structural assignment madelfds although the dissociation of the stronger-R¥) bond has
corroborated. to be reasonably associated with the rate-determining step.
The distribution of complexes obtained on the preparative For both thel — 2 and 1" — 2 reactions, the values

substitution of trifluoroacetate by succinimidate merits some détermined for the activation enthalpy are very large (120
further comments. The absence of compin the final 125 kJ mot?), as expected for the dissociation process of a

reaction medium, before thermodynamic equilibration, can Stong RR-N ligand. There is a very good agreement
be explained if the substitution process involves a sort of between these values and those obtained by DFT calculation

zip movement from the succinimidato, starting from the (Table 2). The process generates thus a charge separation
coordination of an O to the axial position of the dinuclear Petween the anionic succinimidate ligand and thé Ristal

Rhy, core. Further coordination of the N to the same Rh center N the transition state, which agrees with the observed
should then allow for the decoordination of the former O increase in the reaction rate upon an increase in the polarity
atom and the coordination of the second one across the Rh ©f the solven? This charge separation has also been found
Rh bond. The carboxylato ligand will be displaced at the computaf[i.onally as an important feature in the formatior] of
same time. The process is de facto parallel to that observedhe transition structures (Figure 5). Furthermpre, calculations
for the cyclometalation of phosphines in dirhodium tetraac- Showed the unequal nature of the two transition states, where
etate!” Steric hindrance does not allow for the coordination the degree of charge distribution was found to depend on
of a second succinimidate ligand in the same axial position, e original and final positions of the bonding N and O,
thus inhibiting the formation of. Similarly, the fact that ~ therefore explaining the more important acceleration ob-
complex1 is obtained with preference tt can be directly served when the reactidh— 2 is carried out in chloroform.
related to the high trans effect of the metalated C presentin The values found for the volumes and entropies of
[Rhy(P(CsCH4)Phy)(O-CCHs),]. This effect labilizes the activation are more surprising. Even though for the— 2
carboxylato group in a way that the preferred (faster) reaction reaction the values found\/* = 12 cn? mol~* andAS* =

path should correspond t0 8@ — Oaxial + Nians to c— 90 J K'* molt) agree very well with the expected increase
Nians to ¢t O'rans to pSEQUENCE. in the volume and deorganization upon partial dissociation

Isomerization Behavior. The results collected for the ©Of the succinimidate ligand, the same parameters forlthe

static behavior of the toluene solutions of the compounds ~~ 2 Process 4V* ~ 0 cn mol™* and AS* = 40 J K™
indicate the formation of intermolecular adducts such as those™©! *) are not as large and positive as would be expected
found in similar complexe® quantification of these equi- for such an actlvatlor). Nevertheless, the DFT data collected
libria as a function of the solvent and temperature is currently N Table 2 agree with the overall trend: the total bond
underway. Fortunately, the isomerization processes studied€ngthening forTS1 is 1.6 times larger than that farS1
were found to proceed independently from the existence of COnsidering the X-ray crystal structures determined for
any donors in the axial position of the Rfcore (Scheme _complexesl and 2, this fact is r_elated to the higher tran_s
1). The intramolecular nature of the rate-determining step Influence of the phenyl ring C with respect to the phosphine

of the process is clearly established; the results indicate that”" .allr;agdy responsible for thixl’ complex distribution
coordination of neither an external succinimide nor a 'atio"*The lengths of the RAN bonds trans to RRC in

dangling O from another dinuclear molecule affects the complexesl and?2 are considerably longer than those trans

process. This is rather surprising; the general processes if® Rh—P in complex 2',9 The degree of RAN bond
which these Rh, complexes are involved tend to include lengthening for complex’ to reach the transition state has

these axial coordination sites as important anchoring points

(20) Reichardt, CSolkents and Seknt Effects in Organic Chemistry
Wiley-VCH: New York, 2003.

(19) Lloret, J.; Bieger, K.; Estevan, F.; Lahuerta, P.; Hirva, PreR@rieto, (21) Tobe, M. L.Inorganic Reaction Mechanismielson: Scarborough,
J.; SanauM. Unpublished results, 2006. Ontario, Canada, 1977.
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Mixed Ortho-Metalated Phosphine/Succinimidato Complexes

Chart 4 solution of [RR(P(CsCH.)Phy),(0,CCFR),]-2H,0 (0.10 g, 1x 104

mol) in 10 cn? of dichloromethane at OC was slowly added a
solution of succinimide in methanol (0.041 g, 4.¥610~4 mol)

and KOH (0.026 g, 4.16 10~4 mol), and the mixture was stirred

for 5 min. The3!P NMR spectrum of the crude product showed
two different products] andl' in a 4:1 ratio. Isomet was isolated

by column chromatography using ethyl acetate/hexane (3:1) as the
eluent; elimination of the solvent at reduced pressure produced the
desired compound in a 60% yieletH NMR (CDClz, 400 MHz):

1.20 (m, 2H), 1.45 (m, 2H), 1.78 (m, 2H), 2.08 (m, 2H), 6.52 (m,
4H), 6.68 (M, 4H), 6.92 (m, 10H), 7.18 (m, 2H), 7.28 (m, 6H),
7.52 (m, 4H).3'P{*H} NMR (CDCls, 121 MHz): 23.9 {rnp =

171 Hz,2Jgp-p = 9 H2z).

to be more important, given the fact that it is trans to a P (b) Synthesis of 2Some modifications to the previously reported
ligand (Scheme 1). As a consequence, the system shouldnethod of preparatiGrhave been applied. To a solution of [Rh

produce a more substantial increase in the entropy and(P(CsCHa)Ph)o(O;CCHs)o]-2HO,CCH; (0.024 g, 2x 10°° mol)
volume. as seen in the data in Table 1. in toluene (15 crf) succinimide was added (0.012 g, 1x210°4

The nature of the isomerization process studied seems Verym0|)’ and the resulting mixture was refluxed for 15 min. The solvent
was evaporated in a vacuum, and 153aoh toluene was added
complex, but the nature of the changes observed leads to a

h iahtf . ial slidi f th again; the procedure was repeated three more times to eliminate
rat ("Tr_ Stralg t_orwarmmto”a shiding se_quen_ce_ or t _e any remains of acetic acid. The resulting residue was purified by
succinimidato ligand (Chart 4). Although dissociative activa- .qjumn chromatography using GEl, as the eluent; elimination

tion of the Rh-N bond seems clear, a RIO bond also has o the solvent at reduced pressure produced the desired compound
to dissociate to reach the final complex (Scheme 2). From in a 90% vyield.'H NMR (CDCl;, 400 MHz): 1.4-2.4 (m, 8H),
there, the movement of the N and dangling O donors to the 6.49 (m, 1H), 6.68-7.25 (m, 17H), 7.36 (m, 6H), 7.56 (m, 4H).
thermodynamically favored final geometrical arrangement 3P{*H} NMR (CDCl;, 121 MHz): 14.7 ¥rn-p = 146 Hz,2Jgn-p

in complex2 has to occur. = 8 Hz), 25.0 Urn-p = 178 Hz,%Jrn-p = 7 H2).
. . (c) Synthesis of 1 This isomer was obtained as a side product
Experimental Section in the synthesis of compourid All efforts to obtain it separately

were unsuccessful given its relatively fast isomerizatio® Biven
this fact, the reaction mixture containing compouddmdl’ was
evaporated at low temperature and the mixture obtained was used

in all further studies. Alternatively, chromatographic separation of
1 from these reaction mixtures gave mixtureslond?2. 3'P{1H}

Instruments. H and 3P NMR spectra were recorded on a
Bruker 300 spectrometer in CD£at room temperature unless
specified otherwise. Chemical shifts are reported in ppm, referred
to tetramethylsilane!) and phosphoric acicf{P, external), and
coupling constantsJf in Hertz (Hz). All RH' compounds show )
3P NMR spectra corresponding to an A’ system. NMR (CDCl;, 90.75 MH2): 18.6 {Jrn-p = 144 Hz,2Jrnp = 8

The UV—vis spectra and the kinetic monitoring of the reactions HZ)'. ) ) o )
were recorded in a Hewlett-Packard 8452A, a Cary 50, or a J&M Kinetic Measurements.The isomerization processes in toluene
TIDAS instrument, depending on the experiments. The pressurizing SPution were followed by UV-vis spectroscopy in the wavelength
system used for the experiments run at variable pressure has alread{2"9€ Where the solvent does not absorb. All of the reactions at
been describet®22In all cases, a pill-box cell has been chosen for atmospheric pressure were monitored on instruments equipped with
the experiment& thermostated multicell transports. The general kinetic technique for

Compounds.RH' complexes with ortho-metalated arylphosphine this type of processes has been described elsewfefeor the
ligands, [RR(P(CsCH4)Ph)AO.CR)] (R = CHs CFy), were kinetic runs at elevated pressure, a previously described pressurizing
prepared by literature procedufs?’ Coupling constants were ~ SyStém attached to a J&M TIDAS instrument was uedbserved
obtained from @NMRsimulated spectru?$ Commercially avail- rate constants were derived from absorbance versus time traces at
able PPh and CRCOOH were used as purchased (Aldrich). the wavelength where a maximum increase and/or decrease of
Column chromatography was carried out on silica gelHZ80 absorbance was observed. No dependence of the observed rate
mesh); indicated solvents are volume/volume mixtures. constant values on the selected wavelength was detected, as is

(a) Synthesis of 1This compound was prepared by synthetic expected for reactions where a good retention of isosbestic points

methods slightly modified from those previously reporefb a is observed (Figure Bf.Table S1 (Supporting Information) collects
the obtained kinetic constant values for all of the reactions studied,

(22) Martnez, M.; Pitarque, M.; van Eldik, R. Chem. Soc., Dalton Trans. @S @ function of succinimide concentration, starting product,
1994 3159-3163. pressure, and temperature.

(23) Martnez, M.; Pitarque, M. A.; van Eldik, Rl. Chem. Soc., Dalton : : ; ;
Trans.1996 2665-2671. Computational Methods. All calculations were carried out with

(24) van Eldik, R.Inorganic High-Pressure ChemistrElsevier: New the GaussianO3rogram packag#. The DFT level of theory with
York, 1986; Chapter 1, pp-168. the nonlocal hybrid density functional B3PW91 was selected for

(25) Chavrakarty, A. R.; Cotton, F. A.; Tocher, D. A.; Tocher, J. L. the quantum chemical studi&33The basis set was comprised of
Organometallics1985 4, 8—13.

(26) Estevan, F.; Lahuerta, P.;ri@e-Prieto, J.; SaaM.; Stiriba, S. E.

Organometallics1997, 16, 880-886. (29) Favier, |.; Gmez, M.; Granell, J.; Mamez, M.; Font-Bard, M.;
(27) Taber, D. F.; Malcom, S. C.; Bieger, K.; Lahuerta, P.; da Rocha, Z. Solans, X.Dalton Trans.2004 123-132.

N.; Sanau M.; Stiriba, S. E.; Pez-Prieto, J.; Monge, M. AJ. Am. (30) Basallote, M. G.; Duran, J.; Fémgez-Trujillo, M. J.; GonZez, G.;

Chem. Soc1999 121, 860-861. Méafez, M. A.; Martnez, M.Inorg. Chem.1998 37, 1623-1628.
(28) Budzelaar, P. H. HNMR version 4.1; Cherwell Scientific: Oxford, (31) Perkampus, H. HUV—Vis Spectroscopy and Its Applications

U.K., 1995. Springer: New York, 1992.
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a Stuttgart-Dresden effective small-core potentfaiugmented with Supporting Information Available: Optimized calculated

an extra p-polarization function for Rh [SDD(p)] and a standard structures for the complexes studied in PDB format and values of

all-electron basis set 6-31G* for other atoms. The system was foundkops determined as a function of the complexes, concentration,

to be reliable in the previous preliminary study on the structural temperature, and pressure. This material is available free of charge
and electronic trends in Rhcompounds® Frequency analysis with ~ Via the Internet at http://pubs.acs.org.

no scaling was performed to ensure ground-state optimization or |cog1030R

first-order saddle-point optimization for the transition structures,
which were obtained using the QST3 algorithm. NP#as used

(35) The basis set was obtained from the Extensible Computational
Chemistry Environment Basis Set Database, version 9/12/01, as

for obtaining the charge distribution for the models. Solvent effects developed and distributed by the Molecular Science Computing
were calculated on the optimized structures with a polarizable Facility, Environmental and Molecular Sciences Laboratory, which

ntinuum modet’41 is part of the Pacific Northwest Laboratory, P.O. Box 999, Richland,
co : WA 99352, and funded by the U.S. Department of Energy. The Pacific

Northwest Laboratory is a multiprogram laboratory operated by
Battelle Memorial Institute for the U.S. Department of Energy under
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