Synthesis and Dynamic Behaviour of Zwitterionic [M§>-CgHs-
BPhs)(coe)] (M = Rh, Ir) Cyclooctene Complexes

Jesus J. Pérez-Torrente,Marta Angoy, Daniel GOmez-Bautista, Adrian PalaciosM. Victoria Jiménez, F.
Javier Modrego, Ricardo Castarlenas’, Fernando J. Lahoz and Luis A. Oro

The synthesis and structural characterization oitterionic [(1%-CsHs-BPh)M(coe)] (M = Rh, Ir)
cyclooctene complexes is described. Both complexbibié an unusuaéxo-endoconformation of both
cyclooctene ligands in the solid state. Howeveregailibrium between thendeendo and exaendo

rotational isomers arising from the hindered romatabout the metal-cyclooctene bond is observed in

solution. Rotational barriers of around 65 kJ-Tn@th) and 84 kJ-mdl(Ir) have been determined by 2D
EXSY NMR spectroscopy. The rotation process has laésm studied by DFT calculations showing that
the dynamic behaviour is a consequence of thelaeoil of the cyclooctene ligands about the metal-

olefin bond instead of completing a full rotation.

Introduction

Zwitterionic transition metal complexes composedaofationic
metal fragment and a negatively charged ancillaygnd within
an overall neutral molecular framework have atwdct
considerable attention.Usually, these complexes exhibit the
broad solubility and solvent tolerance of neutpéces while
maintaining the reactivity pattern of related caiiocomplexes,
which have a limited solubilit§.
Tetraphenylborate, BRh has been largely utilized as a weakly
coordinating anion in transition metal-based chémisesulting
in the formation of discrete ionic metal compleﬁeﬁ)wever, the
coordination ability of tetraphenylborate througle phenyl rings
provide access to species featuring strong nmgtakene
interactions which remain as the most widely exgdor
zwitterionic transition metal complexghis is particularly true
for rhodium chemistry where a range of zwitteriortfiodium(l)
tetraphenylborate complexes containing both monad a
bidentate ligands such asnf{CsHs-BPh)RhL,] (L = PRy°
P(OR)® ethylend) and [(15-CsHs-BPh)R(L-L)] (L-L = diene®
P-P? N-N!9), have been prepared.
Of particular relevance are the diene complexeshhae found
application as catalyst precursors for useful sstith
transformations. Alpeet al. demonstrated the ability of f{-
Ce¢Hs-BPh)Rh(cod)] (cod = 1,5-cyclooctadiene) to catalyze
diversity of carbonylation reactiods. More recently, this
compound has also been shown to promote the anylatf
several unsaturated compounds using tetraarylb@stphenyl
source’®>  On the other hand, complexes nfCeHs-
BPh;)Rh(diene)] (diene = cod, nbd, tfb) have been praweehe
efficient initiators for the polymerization of mosubstituted
acetylened?® It has been found that theacidity of the diene
ligand strongly influences the catalytic activifyin fact, the nbd
and tfb zwitterionic complexes (nbd = 2,5-norboiirad, tfh =
tetrafluorobenzobarrelene) have shown an outstgndatalytic
activity allowing for the preparation of highly steregular
so poly(phenylacetylene)s.

Our research interest has been recently focusetieosynthesis
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and catalytic applications of transition metal cdemps
containing heteroditopic ligands of hemilabile cwer that
incorporate strong electron donors, such as phosephiand
carbened® We have shown the potential of flexible hemilabile
functionalized phosphine ligands of the typePREH,).Z (Z =
OR, NR) for the design of efficient rhodium catalysts fine
stereoregular polymerization of phenylacetyltheand the
regioselective  anti-Markovnikov  oxidative aminatiorof
alkenes® In this context, we envisage the usefulness of the
zwitterionic compleX(n®-CsHs-BPh)Rh(coe)] for the synthesis
of diene-free catalyst precursors by replacementhef labile
cyclooctene ligands by functionalized phosphinariigs'®

We report herein on the synthesis and charactenzabf
zwitterionic [(1®-CsHs-BPhs)M(coe)] (M = Rh, Ir) complexes.
Much to our surprise, we have found that both campg exhibit

a dynamic behaviour associated to restricted mtadf the coe
ligands. Olefin complexes are typically dynamiqature and, as
matter of fact, the propeller-like rotation of bauethylene about
the metal-olefin bond is a well-known process sufgzb by
abundant experimental work besides spectroscopid an
theoretical studie®-?* However, this phenomenon is much less
common for cyclooctene complexand, to our best knowledge,
has never been reported for bis-cyclooctene coraplex

Results and discussion

Compound [§5-CsHs-BPh)Rh(coe)] (1) was prepared by
reaction of [Rhg-Cl)(coe)], with a 10% excess of NaBPhver
the stoichiometric amount (2 equiv) in methanol @udated as a
pale yellow solid in excellent yield. The compounds fully
characterized by elemental analysis, mass specinpnand
multinuclear NMR spectroscopy. In addition, the revibnic
character ofl was further confirmed by an X-ray diffraction
study, which showed then®-arene coordination of the
tetraphenylborate anion (Figure 1a).




Figure 1. a) Molecular structure of fjf-CsHs-BPhs)Rh(coe)] (1). Only

the two disordered cyclooctene molecules with highecupancy have
s been represented (C1lA) to C(16A)). b) Two schematiclecular

structures ofl showing the disorder of the cyclooctene moleculdse

model with higher occupancy (A-labelled, left), kwitan endo

conformation for C(1A) and C(2A), areko for C(9A) and C(10A). On

the right, the less abundant disordered complexa@Hed) with an
10 alternate conformation of both olefins.

The metal complex results to show a half-sandwinlrcture with
an®-coordination of one of the phenyl groups of thenBRnion

25 Table 1. Selected bond distances (A) and angles (°) forzttigterionic
complexes [f®-CsHs-BPhy)M(coe)] (M = Rh (1), Ir (2)).

1) ()] @) (]
Rh/r-G*  1.8314(13) 1.806(2) Rh/Ir-M(1)2.057(3)  2.044(5)
Rh/I-C(17) 2.410(3)  2.401(5) Rh/I-C(1) 2.153(4) .124(6)
Rh/I-C(18) 2.337(3)  2.241(5) Rh/I-C(2) 2.192(4) .133(6)
Rh/Ir-C(19) 2.261(3) 2.280(5) Rh/I-M(22.135(3)  2.082(7)
Rh/I-C(20) 2.322(3)  2.304(5) Rh/Ir-C(9) 2.216(4) .220(10)
Rh/I-C(21) 2.288(3)  2.233(6) RN/I-C(10) 2.275(5) 2.186(11)
Rh/Ir-C(22) 2.250(3) 2.312(6) C(1)-C(2) 1.398(5) 417(8)

C(9)-C(10) 1.394(7)  1.408(12)

G-Rh/I-  141.45(9) 139.61(183-Rh/Ir-  123.49(10) 122.9(2)
M(1)* M(2)*

M(1)-Rh/Ir- 94.93(13)  97.4(3)

M(2)*

# Only geometrical parameters for the most abundaisbrdered

cyclooctene molecules are stated. *G representsetioid of the C(17)-
30 C(22) n°-coordinated phenyl ring; M(1), and M(2) represethie

midpoints of the C(1)-C(2) and C(9)-C(10) olefimiouble bonds.

Although the heavy disorder of the cyclooctene malles (and
35 also those of a phenyl group and the solvent mi#gqrecludes
obtaining precise structural parameters, from tha determined
for 1 a clear asymmetry in thg®-arene coordination is evident
(Rh-C(arene) distances in the range 2.250-2.410(3) ré)st
probable as a consequence of the different dispositof the
40 cyclooctene ligands on the other side of the metalrdination
sphere.
The most striking feature of the molecular struetof 1 is the
different relative disposition of both cyclooctefigands. The
=CH protons of a coe ligand are directed towardsRhearene
4s fragment €xo conformation) whereas those of the second coe
ligand point away this fragment eifdo conformation).
Interestingly, nearly all the “M(cog) rhodium(l) and iridium(l)
complexes structurally characterized, including hbatquare
planaf® and 18 electron complexes having arene or policycl

and two n*cyclooctene ligands, linked through their olefinico aromatic hydrocarborfé, exhibit an endo-endoconformation,

bonds, completing the metal environment. Both cowigid
15 olefins exhibit clear static disorder and have beeudleled on the
base of two molecules with complementary occupdiacyors
(0.678 and 0.322(4)). As it is shown in Figure the cyclooctene
disorder determined in the crystal involves a fdrir&0°-rotation
of the double bonds about the rhodium-olefin vectogether
20 with a modification of the G-Rh-M bond angle, fraanmean
value of 143.23(12)° for thendo disposition to a value of
118.97(11)° in the case of tle&o conformation. Table 1 collects
selected bond distances anglesXostating data only for the two
disordered cyclooctene molecules with higher oconapa

with the notable exception of a heterobimetallicIPdomplex
featuring a functionalized 2-indenylidene pincegahd that
displays an Ir(cog) metal fragment with anexcendo
disposition?®

ss The 'H NMR spectrum ofl in CD,Cl, at room temperature
showed featureless resonances for the protonsofdbrdinated
phenyl ring, which suggests some kind of fluxiobahaviour.
Unexpectedly, the spectrum obtained at 253 K showmedsets
of high-field shifted sharp resonances correspandito

o coordinated phenyl rings, which are indicative lté presence of
two differentn®-arene species in a 1:1 ratio. Both species were
also observed in th€C{*H} NMR spectrum that displays two
sets of three upfield-shifted doublet resonances tfie CH
carbons of the coordinated phenyl ring due to dagplvith

es thodium. The'H-*H NOESY spectrum shows strong exchange
cross-peaks between thertho, meta and para protons,
respectively, besides of weak NOE cross-peaks, hwindicate
that both species interconvert in solution (Figuta). The
exchange process is also observed for the =CH resesaf the

70 cyclooctene ligands (Figure 2b) which strongly ssig the
presence of two rotamers arising from the hindeogation about
the Rh-coe bond imparted by the bulk§-CegHs-BPh; ligand.



Reliable assignment for tH&l and **C{*H} resonances of both

rotamers was achieved by combination of #He'H COSY,**C

APT and 'H-3C HSQC spectra (see SI). The analysis of the

spectroscopic data is in agreement with an equilibrbetween
s theendeendoandexcendorotamers (Figure 3).
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Figure 2. Selected regions of tHel-"H NOESY NMR spectrum of in
CD.Cl, at 253 K: a) 1§®-CsHs-B)Rh region, b) olefinic =CH regionk
10 endo-endaotamer, unlabeled resonanes®-endaotamer).

The exoendo rotamer displays two distinct resonances for the

=CH protons at 3.62efd and 2.68 ppmendg in the'H NMR

spectrum, which points to an ide@l symmetry, if free rotation
of the phenyl rings and a low rotational barriepabthe arene-

s rhodium axis is assumed. Accordingly, two resonaneere
observed for the =CH carbons at 74.84.4, = 13.2 Hz,end9g
and 63.02 ppmJt.rn = 12.0 Hz.ex9 in the*C{*H} spectrum. In
agreement with the ide&,, symmetry, theendeendo rotamer
shows a single resonance at 2.54 ppm for the =Chkomsp

20 however, a broad coalesced resonance at 78.32 pps
observed for the equivalent olefinic carbons.

o ol

f,/Rh\%‘:‘ V)/Rh\%

endo-endo exo-endo

Figure 3. Equilibrium between theendeendo and excendo
rotamers in zwitterionic complexeq|ftCsHs-BPh)M(coe)] (M
=Rh, Ir).

Restricted rotation of the cycloctene ligands was abserved in
the analogous iridium compoundnf{CsHs-BPhy)ir(coe)] (2).
Compound2 was prepared by reaction of the solvato species
[Ir(coep(Me,CO)]" with NaBPh in acetone and isolated as a

30 white solid in good yield. ThéH NMR spectrum of in CD,Cl,
showed the presence of thedeendoandexaendorotamers in a
3:1 ratio. As it was observed fdr the =CH protons of the coe
ligands for theexoendo rotamer were found to be shifted
significantly downfield (3.52 and 2.46 ppm) comphr® the

3s endeendo rotamer (2.10 ppm). In the same way, the =CH
carbons were found upfield-shifted for tlexoendo rotamer
(57.62 and 45.06 ppm). However, in contrast with this
resonance for thendeendo rotamer was observed as a sharp
singlet at 62.64 ppm. The molecular structure & thidium

40 zwitterionic compound2 has been determined by an X-ray
diffraction study. As suggested from the similall parameters,
complexesl and2 resulted to be isotypic in the solid state. An
analogous molecular structure has been found, wiihor
changes in the structural parameters (see Tabladst probably

45 associated to small differences in the crystaltiserder.

The Ir-G(centroid) distance (1.806(2) A) tis similar to that
reported inl, and again a broad range of Ir-C bond distances
(2.233(6)-2.401(5) A) has been observed. However,isi
interesting to remark that these M-C(arene) distgnae both

so complexes, exhibit an analogous pattern havingdigoificantly
shorter distances (2.250 and 2.261(3) Aljrand 2.233(6) and
2.241(5) A in2), and a clearly longer distance for peocarbon
(2.410(3) A in1, and 2.401(5) A ir2). The two shortest Rh-C
distances are nearfyans-disposed to the olefinic bonds, showing

ss the electronic inter-ligand influence through thetah

Although the olefinic C=C bond distances seems notbé¢o

sensitive to the electronic or steric effects, hsyt exhibit

statistically identical values for the two coe nmikes in both
complexes, and similar to the values reported ifated

s systemg? the M-C(olefin) distances clearly showed a
dependence of the endo/exo disposition, having tehdvl-C
bond distances for thendo conformations (2.172(3) id, and
2.163(5) A in2) and longer for thexodispositions (2.244(3) in
1, and 2.198(8) A i).

s The three rotational isomers of complexesn®{CsHs-
BPh;)M(coe)] (M = Rh , Ir) have been optimized by DFT
calculations using the B3PW91 functional and itatre¢ free

w €nergy calculated through frequency analysis. Thstnstable
isomer of the rhodium compound is t0-endpbeing theendo-

70 endoisomer just ahG = 2.8 kJ-mot above it. Theexo-exds the
less stable isomer byG = 32.8 kJ- mal above the first one. This
suggests that only thexo-endcandendo-enddsomers are close
enough in energy to be involved in the observediliegum
while the exo-exo remains unobservéd. For the iridium

75 compound a similar relationship has been calculatbd highest
energy isomer is thexo-exowhich is atAG = 41.7 kJ-mot
above theexo-endowhile the endo-endois just atAG = 2.0
kJ-mot* above it.

The rotation process between tleeo-endoand endo-endo
so conformers of the rhodium compound has been stubied




series of partial optimizations using a z-matrixombnates setup s equilibrium constants obtained from the determineate

and driving the dihedral angle which governs thefiolrotation constantski/k,) are in good agreement with those experimental

towards +180 and -180° values in 15° steps spanairigll values obtained from the same sample by integratioiboth

rotation of one of the coe ligands. In this z-maftoordinate  resonances in an experiment recorded with the getagation
s system theendo-endoisomer is located at +16° and the more time.

stableendo-exoat 185° (Figure 4). The electronic total energy

profile shows some irregularities, which reflectetivariable ~ Table 2. *H 2D EXSY-derived rate constants, (and ki/s?) and

environment of the olefin ligand during the rotatiprocess that ~ activation energiesAG;" andAG.,7kJ: mof') for the endo-endoSs exo-

can lead to diverse steric interactions. The melgtivant feature ggrc]iq(:ﬂe;qxlggénum in zwitterionic [M(™CeHs-BPRy)(coe}] (M = Rh, Ir)
10 is the location of two different energy maxima whiguggest that

the easiest isomerization pathway could be anlagoih of the

coe ligand (windshield wiper motion) between it® tminimum th Ti ke ki A£G AGY K= K
energy positions through the lowest energy bar@ound 46 (ms) (ms) (sH° (sYH° (kJ-mot*) ¢ (kJ-mol) ¢ ky k; (NMR)
kJ-mol* of electronic energy, interpolated from the ratatscan)

. . ; . . 1(Rh) 600 750 2.594 2.598 64.50 64.49  0.9980.952
15 instead of completing a full rotation which woulaply ca. 23 2(I) 700 900 0.016 0.051 83.81 8091 0314 0.35

kJ-mol* of additional electronic energy to surmount thghleist

barrier which should be a less probable event. 2D EXSY NMR spectra (500 MHz) were recorded at K7@.) or 300

K (2) using saturated GfGl, solution of the compounds, optimised

— —— mixing time, T longitudinal relaxation time® The integrations for the

por 1 —1 exchange cross-peaks were processed using the EX&Y@gram to

sop % 60 Obtain the rate constarksandk,. ¢ Eyring equation was used to calculate

w00 activation energiesAG,* and AG,* AG* = [RTIn(hkksT), T is
temperature in Kelvinkg is the Boltzmann’'s constant ahds Planck’s

constant.
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Rotation about the Mf-arene) bond axis in zwitterionicr{-
Ce¢Hs-BPh)ML ] complexes is expected to have a low rotational
barrier under no steric constrains. In fact, res#d rotation has
only been observed in complexf{CsHs-BPhs)Rh(dppb)] (dppb

70 = 1,4-bis(diphenylphino)butane) down to 19%Hvost probably
this effect is a consequence of the size of thersenembered
chelate ring that produces steric interference witd phenyl

of T groups of the tetraphenylborate fragment.
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degrees To the best of our knowledge, the only exampleswhich the
Figure 4. Energy profile for the rotation process intercering theendo - free energy of activation for the cyclooctene rotatabout the
wendo and exoendo rotational isomers in complex ntCeHs- metal-cyclooctene bond axis has been determinedamplexes

BP)RN(coe)] (1)- [(n°-CoH-)Ir(coe)(CO)] and [§>-CsHs)Ir(coe)(CO)], the indenyl

Experimental rotational rates and barriers forand 2 were complex exhibiting a significantly lower rotationbhrrier than
obtained from magnetization transfer experimentsxqus2D  the corresponding cyclopentadienyl complex, 60.d &4.5
EXSY NMR spectroscopy. This method has been inanghsi @ kJ-mol’, respectively?® Interestingly, the propeller-like ethylene
2 applied to the study of complex kinetic processéssional  rotation in related complexesnftCoH7)Ir(CoH4)(CO)] and [
behaviour, rotational barriers and conformationalgsis?’ The  CsHs)I"(C2H4)(CO)] showed comparable rotational barriers of
essential feature of a quantitative 2D EXSY experitnis the ~ 58.1 and 83.6 kJ-md] respectively’ As it has been found in our
relationship between the intensity of the crosskpeand the rate  2Witterionic [(°*-CeHs-BPh)M(coe)] complexes, the ethylene
constants for chemical exchange. The forward anckvsard e rotation barrier in the Ir(1) complex ri-CsHs)Ir(n®CoH,);] is
w0 exchange rate constants, andk, for the rotamer equilibrium  higher than in the Rh(l) complexn{-CsHs)Rh(*C;H,),], 80.6
endo-endos exo-endoin complexesl and 2 (Figure 3) were  and 65.6 kJ-mdj respectively™
determined by integration of the cross-peaks betwbe para [N contrast to [§*-CsHs-BPh)Rh(diene)], the bis-cyclooctene
resonances of the-arene in both interconverting species in the complex [6°-CeHs-BPhg)Rh(coe)] (1) showed no catalytic
H 2D-EXSY NMR spectrum. The integrals of the exchehg activity for the polymerization of monosubstitutetetylenes
35 cross-peaks were processed using the EXSYCalc prograive illustrating the key role of the diene ligand iretformer efficient
the rate constant (and k;),?® and the activation energies by initiators. On the other hand, preliminary readyivétudies have
using the Eyring equation (see SI). The kineti@peeters for the ~ shown that replacement reactions briake place quite slowly
endo-endas exo-endeequilibrium are summarized in Table 2. under thermal conditions suggesting that the cyitiree ligands
The forward and backward exchange rate constenasidk ;, for o are far less labile than previously thought, therimiting their
w0 the rhodium complexl were calculated to be 2.59" with an ~ application as synthetic precursor when using Kighénsitive
associated activation barrier of 64.5 kJ- 273 K). However,  hemilabile phosphines. As an example, reactiori ofith two
the iridium complex2 showed smaller rate constants, 0.016 andequiv of PPh to give [(°-CsHs-BPh)Rh(PPh),** required 1
0.051 &, and consequently higher activation barriers o883 hour at 333 K in tetrahydrofurane/methanol (3:10%isolated
and 80.91 kJ-mdl (300 K). Noteworthy, the calculatedwo Yield).



Conclusions

The zwitterionic [(5-CsHs-BPhy)M(coe)] (M Rh, 1Ir)
complexes have been prepared from standard cyeloestarting
materials in good yield. The solid-state crystaliciures of both
complexes show an unusuaxo-endo disposition of the
cyclooctene ligands. In solution, both complexesilgkx an
interesting dynamic behaviour associated to thddried rotation
about the metal-cyclooctene bond imparted by thkkybn®-
Ce¢Hs-BPh; ligand. The equilibrium between tlendoeendo and
exaendo rotational isomers has been fully characterized
means of 2D NMR correlation spectroscopy. Both rotanaere
found in 1:1 ratio in the rhodium complexes wherdasende
endo rotamer predominated in the iridium complex (3atia).
DFT calculations in both complexes have shown thatenergy
of exo-exorotational isomer is well over that of the morabde
endoeendo isomer. In contrast, thexo-endoand endo-endo
rotational isomers are close enough in energy, hwisgcin full
agreement with the observed equilibrium. Averaggational
barriers of around 65 kJ-mb{Rh) and 84 kJ- mdl(Ir) have been
determined experimentally by 2D EXSY NMR spectroscdphe
energy profile for the rotation process intercotingr the ende
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of [Rh(u-Cl)(coe)], (200.0 mg, 0.279 mmol) in methanol (12
ss mL). The suspension was stirred for 5 h to giveake yellow
solid which was separated by filtration, washechwitethanol (4
x 4 mL) and dried in vacuum. Yield: 92% (330 mghah Calcd

for CuHsgBRO: C, 74.77; H, 7.53. Found: C, 74.21; H 7.19.

Spectroscopic analysis at 253K showed the existarfcevo
s rotamers,endo-endo(R1) and exo-endo(R2), in 1:1 ratio.*H
NMR (400.13 MHz, 298 K, CECl,): &7.45-7.00 (m, 30H, -
BPh), 6.86, 6.71 (br m, 2H each, $16.36 (br m, 2H, EHH,),
6.16 (br m, 4H, HH,), 5.92 (br m, 2H, HH,) (n®-CeHs), 3.76
(br m, 2H, =CH, coe), 2.83-1.03 (m, 54H, =CH and >Gide).
es H NMR (400.13 MHz, 253 K, CELl,): § 7.30 (m, 6H), 7.21 (m,
6H), 7.12 (m, 12H), 7.02 (m, 6H) (-BPh), 6.84 (t,, D, = 6.1,
bY  R1), 6.65 (t, 1HJun = 6.1 Hz, H, R, 6.29 (d, 2HJuy =
6.1 Hz, H, R1), 6.15 (t, 2HJy.y = 6.4 Hz, K, R2), 6.00 (d, 2H,
Jun = 6.1 Hz, H, R?), 5.88 (t, 2H,J4n = 6.4 Hz, H, R1) (0%
70 CgHs), 3.62 (m, 2H, =CH, codi®2), 2.68 (m, 2H, =CH, cok2),
2.54 (m, 4H, =CH, coeR1l), 2.30-1.20 (m, 48H, >CH coe).
13C{'H} NMR (100.61 MHz, 253 K, CBCl,): 5 135.84, 126.38,
126.23, 123.57, 123.46 (CH, -BPh), 109.56)dz, = 2.7 Hz, G,
R1), 109.35 (dJc.rn = 2.6 Hz, G, R2), 107.21 (dJcry= 2.0 Hz,
75 Cp, R2), 105.72 (dJc.rn = 2.0 Hz, G, R1), 104.65 (dJc.rn = 3.3
Hz, Gy R1), 103.95 (dJc.rn = 2.7 Hz, G, R2) (CH, n®-CgHs),
78.32 (br, =CH, coeRY), 74.84 (d,Jc.rn = 13.2 Hz, =CH, coe,
R2), 63.02 (dJc.rn= 12.0 Hz, =CH cod2), 31.96, 31.62, 31.77,

endo and exaendo rotational isomers strongly suggests that the 29.87, 26.46, 25.95, 25.78, 25.72 (>CEoe). !B NMR (96.3

2

a

most probably isomerization pathway is a windshielgber
motion of the cyclooctene ligands instead of coitipiea full
rotation. Finally, preliminary reactivity studies no these
zwitterionic complexes have shown that the cycleoetligands
are less labile than could be expected.

Experimental

3

=}

Synthesis

All experiments were carried out under an atmosplodrargon
using Schlenk techniques. Solvents were obtairad & Solvent
Purification System (Innovative Technologies). OCemydree

35 solvents were employed throughout. L) was dried using

activated molecular sieves. Standard literaturecqgatores were

32

used to prepare the starting materials [RG6()(coe)],” and

[Ir(p-Cl)(coe)] .2
Scientific Equipment

40 Elemental analyses were carried out in a PerkineEl@2400

CHNS/O analyzer. NMR spectra were recorded on a Bruke

Avance 400 spectrometetd (400.13 MHz) and**C (100.61
MHz) NMR chemical shifts are reported in ppm relatito
tetramethylsilane and referenced to partially dewéel solvent

s resonances. Coupling constan ére given in Hertz!H 2D

0 MHz, 298 K, CDQCl,): -7.43 (s). MS (ESI+, C¥OH) m/z 665.1
[M + NaJ*, 555.2 [M - coe + Nd] 455.1 [M - GHs - coe].

[(n*-CeHs-BPhy)Ir(coe);] (2)

NaBPh (76.4 mg, 0.223 mmol) was added to a solutionhef t
solvato complex [Ir(cogjMe,CO)]* (0.223 mmol) prepareth
85 Situ by treating [Ir(i-Cl)(coe)], (100.0 mg, 0.112 mmol) with
AgBF; (43.4 mg, 0.223 mmol) in acetone (15 mL) for 1rd a
filtering off the AgCI formed. The orange solutiorasvstirred for
2 h to give a white suspension that was concemttat@ mL and
then filtered. The iridium compound was extractedthw
9 dichloromethane (3 x 2 mL) and the solution broughtiryness
under vacuum. Washing of the residue with methéhad 2 mL)
gave the compound as a white solid, which wagéitteand dried
under vacuum. Yield: 71% (116 mg). Anal. Calcd fQpHGgBIr:
C, 65.65; H, 6.61. Found: C, 65.58; H 6.92. Spectpisc
95 analysis showed the existence of two rotamenslo-endo(R1)
and exo-endo(R2), in 3:1 ratio, respectivelyH NMR (400.13
MHz, 298 K, CQCl,): 67.33 (m), 7.27 (m), 7.17 (m), 7.07 (m),
r(-BPh), 6.74 (tJu.n = 5.9, H, R1), 6.59 (t,J4.y = 5.9 Hz, H,
R2), 6.37 (d,J4.1 = 5.8 Hz, H, R1), 6.13 (t,J4.4 = 6.0 Hz, H,

100 R2), 6.05 (d,Ju.n = 5.8 Hz, H, R2), 5.85 (t,J.ns = 6.0 Hz, H,

R1) (n°-CgHs), 3.52 (m, =CH, codR?), 2.46 (m, =CH, coeR2),
2.10 (m, =CH, coeR1), 1.61-1.12 (m, >Chicoe).r*C{*H} NMR

EXSY NMR spectra were recorded on a Bruker Avance 500(100.61 MHz, 298 K. CECl,): 5136.43, 126.87, 126.75, 124.16,

spectrometer operating at 500.13 MHz. Spectralgassnts
were achieved by combination &f-'H COSY, NOESY,*C

DEPT and APT!H-*C HSQC andH-*C HMBC experiments.
Electrospray mass spectra (ESI-MS) were recorded 8nuker
MicroTof-Q using sodium formiate as reference.

[(n®-C¢Hs-BPhg)Rh(coe)] (1)

5

=}

NaBPH (210 mg, 0.614 mmol) was added to a yellow suspans

124.06 (CH, -BPh), 103.04 ((R1), 102.79 (G, R2), 102.50 (G,

10sR2), 99.61 (G, R1), 99.38 (G, R1), 98.21 (G, R (CH, n°-

CgHs), 62.64 (=CH, coeR1), 57.62 (=CH, coeR2), 45.06 (=CH,
coe,R2), 33.17, 33.02, 32.86, 32.79, 30.40, 26.60, 26246237,
26.07 (>CH, coe). 'B NMR (96.3 MHz, 298 K, CBECl,): -7.53
(s). MS (ESI+, CHOH) m/z 1145.3 [M + Ir(coej]*, 771.2 [M +

10 K]*, 655.2 [M - GH4]".




Theoretical Calculations

of the non-coordinated phenyl groups of the BRhion showed
static disorder; a simple model with two isotrofigHs groups

0 With identical occupancy were included in the refirent.

All computations were performed using the Gaussiz®
package€” The structures of the minima were fully optimized
s without geometrical constraints and confirmed bgqgfrency
calculations. The rotation of the cyclooctene ldamas studied
by setting up a z-matrix definition for the molegwnd driving
the relevant dihedral through a full rotation (8% Calculations
were carried out using the B3PW91 functional andbhsis sets
1 used were: LANL2DZ supplemented with an f funcfioand its
associated ECP for rhodium and 6-31G** for the ofsttoms.

Crystal Structure Determination

Single crystals for the X-ray diffraction study df and 2
(irregular blocks) were grown by slow diffusion méthanol into

15 concentrate solutions of the compounds in,Clslat 253 K. X-
ray diffraction data were collected at 100(2) KaoBruker APEX
DUO CCD diffractometer with graphite-monochromated-Kio
radiation § = 0.71073 A) using narrows rotations (0.3°).
Intensities were integrated with SAINT-PLUS prograrand

20 corrected for absorption effects with SADABSThe structures
were solved by direct methods with SHELXS®0@nd refined,
by full matrix least-squares oR? with SHELXL-973° Both
structures were refined first with isotropic andteta with
anisotropic displacement parameters for non-H atoftsthis

25 point, ADP’s revealed that both crystal structusd®owed a
similar static disorder involving both cyclooctene ligands.
Eventually two disordered cyclooctene moieties wectuded in
the refinement with some feeble geometrical retitris to model
each of the two olefins present in the complexég®{CsHs-

0 BPhs)M(coe)]; in the case ofl a uniqgue complementary
occupancy factor was wused for both
(0.678/0.322(4)), while in the case @fach disordered coe was
refined with an
(0.776/0.224(8) and 0.578/0.422(10)). Eventuallyyathe two

s most abundant coe molecules allow the refinementh wi
anisotropic displacement parameters, while isotrogfiermal
parameters were used for the less abundant disardeolecules.
An additional partial molecule (0.25 occupancy dartof a
disordered dichloromethane molecule was also pteseboth

40 crystal structures. This solvent molecule was olegkrhighly
disordered and modelled in the best possible wage (s
supplementary material). Hydrogen atoms (excepsehaf the
disordered CHKCI, solvent) were included for both complexes
from calculated positions and refined with posiibnand

4s displacement riding parameters.

Crystal Data forl: C,gH4gBRh - 0.25 CHCIy; M = 663.74;
yellow block 0.221 x 0.134 x 0.117 mmtriclinic; P-1; a =
8.9933(5),b = 10.5938(6)¢c = 17.9914(10)p = 79.8632(8)p =

50 79.6103(7),y = 84.0189(8)°Z = 2; V =1655.02(16) A D, =
1.332 g/lcmt x = 0.584 mrt; min. and max. absorption
correction factors 0.8819 and 0.9359%,,2 = 60.74°; 19376
reflections collected, 9114 uniqu®{ = 0.0231); number of
data/restraints/parameters 9114/36/550; fiG&F 1.035;R; =

s50.0556 (7824 reflections > 25(1)); wR(F) = 0.1256 for all data;
largest difference peak 1.247 é&/&bserved in the spatial region
of one of the disordered coe molecules. In thisper) also one

s 1.499 gl u =

Crystal Data for2: C,gHugBIr - 0.25 CHCI,; M = 753.03;
colorless block 0.273 x 0.221 x 0.176 farmiclinic; P-1; a =
9.0451(9),b = 10.6166(10)¢ = 18.0547(17)p = 78.6882(12)p
= 79.8650(13)y = 83.4888(11)°Z = 2;V =1668.0(3) & D, =
4.070 mrt; min. and max. absorption
correction factors 0.4029 and 0.534%),2 = 58.14°; 17480
reflections collected, 8303 uniqu®,{ = 0.0204); number of
data/restraints/parameters 8303/38/473; fiG&F 1.158; R; =
0.0458 (7570 reflections > 25(1)); wR(F?) = 0.1116 for all data;

7 largest difference peak 3.327 é/fFive residuals over 1 efA

were observed in the final Fourier map; the thre@erintense
were in close proximity to the metal (with no cheatisense) and
the two additional in the region of the disordeceé molecules.
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Synthesis and Dynamic Behaviour of Zwitterionic [M@°-
CgHs-BPhs)(coe)] (M = Rh, Ir) Cyclooctene Complexes

Jesls J. Pérez-Torrentdfarta Angoy, Daniel Gémez-Bautista,
Adrian Palacios, M. Victoria Jiménez, F. Javier Negb,
Ricardo Castarlenas, Fernando J. Lahoz and Luis &. Or

The zwitterionic [(5-CgHs-BPhy)M(coe)] (M = Rh, Ir)
cyclooctene complexes show an unusual equilibrietwéen the
endeendo and exaendo rotational isomers arising from the
hindered rotation about the metal-cyclooctene bond.



