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ABSTRACT. Electrophilic, cationic Rh(lll) complexesf composition [§>-CsMes)Rh(Ap)]",
(1), were prepared by reaction off{CsMes)RhCh], and LiAp (Ap = aminopyridinate ligand)

followed by chloride abstraction with NaBArBArg = B[3,5-(CR).CsH3]4). Reactions of



cations1” with different Lewis bases (e. g. NH4-dimethylaminopyridine or CNXyl) led in
general to mono-adducts L™ (L = Lewis base; Xyl = 2,6-M€sH3) but carbon monoxide
provided carbonyl-carbamoyl complexegCO)," as a result of metal coordination and formal
insertion of CO into the Rh—Mig bond of complexesl®. Arguably, the most relevant
observation reported in this study stemmed fronréagetions of complexel§ with H,. *H NMR
analyses of the reactions demonstrated ,acdtblyzed isomerization of the aminopyridinate
ligand in cationsl® from the ordinaryk®N,N -coordination to a very uncommon, formally
tridentatex-N,n>-pseudo-allyl bonding mode (complex&$ following benzylic C—H activation
within the xylyl substituent of the pyridinic ringf the aminopyridinate ligand. The
isomerization entailed in addition H—H and N—H boactivation and mimicked previous
findings with the analogous iridium complexes. Hoe in dissimilarity with iridium, rhodium
complexesl” reacted stoichiometrically at 20 °C with excessHhe transformations resulted in
the hydrogenation of thesMes and Ap ligands with concurrent reduction to Rhéhd yielded
complexes [§*-CsMesH)Rh(n®-ApH)]*, (29, in which the pyridinic xylyl substituent ig®-
bonded to the rhodium(l) centre. New compoundsntedowvere characterized by microanalysis
and NMR spectroscopy. Representative complexes additionally investigated by X-ray

crystallography.



INTRODUCTION

Organometallic compounds of rhodium and iridiumt thantain a 1§>-CsMes)M(lII) fragment
have been extensively investigated because of tagiacity to participate in a wide range of
chemical transformatio’® Many of these complexes can be readily preparesn fr
corresponding (§Mes)M halides by displacement reactions that utilize a varigtynorganic,

organic and organometallic reagents.

A main, broad area of research that makes amplefuthese complexes is the activation
of C—H, H—H and other element-hydrogen bonds. atelr group has studied the reactivity
of compounds of this type that contain a cyclontetedl phosphine ligand, P"XMore recently,
chelating, also monanionic, cyclometallated C*N amdnopyridinat& (N*N) ligands have also
been incorporated inta{-CsMes)Ir(ll) structures. For instance, bulky aminopyridte ligands
(in shorthand notation represented from now on p} Wave produced five-coordinatenf¢
CsMes)Ir(Ap)]* complexe¥ in which the amido nitrogen atom acts as@onor to compensate
the electronic unsaturation of the Ir(lll) centan @>-cyclopentadienyl ligand is regarded to

occupy three coordination sites).

During studies on the reactivity of theseCsMes)Ir(Ap)]” complexes we found that.H
catalyzed a reversible isomerization of the coatid Ap ligand, from its commor?,N,N -
coordination to a nove{,N,n>-pseudo-allylic binding (structurdsandll respectively in Figure
1A) in a process that entailed the reversible atitm of H—H, C—H and N—H bond$§.we
therefore deemed of interest to prepare the rhodiomplexes analogues and to study their
reactivity toward dihydrogen. Here we report thsults of this work that has allowed for the

isolation and structural characterization of ndu@ad cationic rhodium complexes,nf¢



CsMes)Rh(Ap)Cl] (1-CI), and [f>-CsMes)Rh(Ap)]" (1Y), respectively (the latter isolated as
BArg salts, where BArstands for B[(3,5-(C.CsHs)4) for the aminopyridinate groups labelled
a-d in Figure 1A. Somewhat unexpectedly, and in markaaktrast with the analogous iridium
complexes the reaction of catioha’-1d" with H, provided only minor amounts of the isomeric
complexes3’, with structure of typél in Figure 1. These complexes could not be isojdtet
were structurally characterized in solution by NMPRBectroscopy. The main products of the
hydrogenation reactions were instead cationic Ritiihplexe2”, with structurdll (Figure 1B)
that possess neutral pentamethylcyclopentadiegesEl, and aminopyridine, ApH, ligands
with n* and n°coordination, respectively, in the latter case liogting the pyridine aryl

substituent.
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Figure 1. A: Ho-catalyzed isomerization of aminopyridinate ligarids[(n>-CsMes)Ir(Ap)]*
complexes (see reference 1B).Main Rh(l) products resulting from the reacti@iompounds

[(n°>-CsMes)Rh(Ap)]" with H,. Rh complexes with structure of typle were also detected and



were characterized by NMR studies (see below). ithe Ap ligands labelleda-d were

employed for both this work and that reported iiemence 10a.

RESULTS AND DISCUSSION

Similarly to the iridium complexes analogti®the targeted rhodium aminopyridinate derivatives
were prepared by the low-temperature reaction p-@sMes)RhCh], and the corresponding
lithium aminopyridinate, LiAp (Scheme 1). The reéans yielded the expected neutrah¥

CsMes)Rh(Ap)CI] complexesla:- CHld- Cl, that were readily converted into the desiredoradi

speciesla’-1d" upon treatment with NaBAr
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Scheme 1. Synthesis of neutral and cationic rhodiumminopyridinate complexes of therﬁs-
CsMes)Rh(111) fragment.



The chloridesla- Ck1d- Cl were isolated as reddish crystalline solids. Intast, both solution
and solid samples of thia’-1d" cations have a characteristic dark green, almiaskpcolour.
This is due to ligand-to-metal charge trangtet electronic transitions commonly encountered in
complexes of this kind, in which the amido functbty exhibits ao- andte donor coordination
behavior' The new compounds were characterized by analytEeiniques and by NMR
spectroscopy (see the Experimental Section anddbempanying Supporting Information, Sl).
In addition, two neutral complexes, naméky- Cl and1b-Cl, and the cationic derivativeld®,

1c¢" and1d” were further analyzed by X-ray crystallography.nvieers of these series were found
to have similar structures. Therefore, only theeunalar structures dfb-Cland1b® are depicted

in Figure 2, whereas the others can be found irstl{€&igures S1 to S5).

The aminopyridinate ligand of both the neutral #imel cationic complexes exhibits its classical

bidentate coordination despite the strain it cieatehin the four-membeRh-N-C-Nring. This
can be seen in the small N—Rh—N bite angleaf62 ° found for the neutral complexes, that
increases slightly in the five-coordinate catidhgto ca. 64.5 ° in1b"). In the neutral complexes

the Rh—N, and Rh—Nmido bonds have similar lengths, with the former beiag,expected,

1b-Cl 1b*

Figure 2. X-ray structure of complexesb-Cl and 1b* (thermal ellipsoids set at 30% probability and



anions omitted for clarity). Selected bond lengi#sgstroms) and angles (degrees) fbb-Cl:
Rh(1)-N(2) 2.113(3), Rh(1)-N(1) 2.162(3), Rh(1)-1I( 2.3892(10), Rh(1)-C(22) 2.170(4),
Rh(1)-C(23) 2.116(4), Rh(1)-C(24) 2.146(4), Rh(1j2%) 2.145(4), Rh(1)-C(26) 2.175(4), N(2)-Rh(1)-
Cl(1) 88.91(9), N(1)-Rh(1)-ClI(1) 85.95(9), N(2)-RIN(1) 62.05(12), C(1)-N(2)-Rh(1) 95.8(2), C(1)-
N(1)-Rh(1) 92.3(2), N(2)-C(1)-N(1) 109.4(3). Selttbond lengths (Angstroms) and angles (degrees)
for 1b": Rh(1}N(1) 2.135(3), Rh(BC(24) 2.139(4), Rh(EN(2) 1.981(4), Rh(HC(25) 2.156(4),
Rh(1)-C(22) 2.134(4), Rh(£C(26) 2.185(4), Rh()C(23) 2.129(4), N(2)-Rh(1)-N(1) 64.51(14), C(1)-
N(1)-Rh(1) 90.4(2), C(1)-N(2)-Rh(1) 97.4(3), N(2J43-N(1) 106.6(3).

moderately longer than the lattera( 2.16 and 2.11 A, respectively). These metricsraarly
identical to those reported for the analogous tridicomplexe¥ and are also comparable to
corresponding values in a heterobinuclear Rh/Nchapyiridinate compleX® At variance with
these observations, the partial multiple charastéhe Rh—Nmido bond in the five-coordinated
cations1” causes this bond to have a length significanttyrtein ca. 1.98 A) than the Rh—y}
bond (2.14 A). Once more, these structural paraseteatch closely those reported for

somewhat related compounds with chelating monoémfN ligands %2113

The five-coordinate Rh(lll) center of cationic cplexes1” exhibited Lewis acidity, as
evidenced by the facile reactiond” with ammonia, 4-dimethylaminopyridine (dmap) ané-2
dimethylphenyl isocyanide, CNXyl (Scheme 2). Thact®ns occurred almost instantaneously

and were accompanied by a colour change from dangto red-orange, indicative of the loss
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Scheme 2. Lewis acid reactivity of the five-coordite cationic complex 14

of the T=component of the Rh—i\ido bond. The resulting adductsi- L™ present spectroscopic
properties similar to those of the analogous iriticomplexe¥ (see Experimental Section and
SI). In particularla- CNXyl" featuress(CN) at 2160 cr, i. e. some 45 cthhigher than for the
free isocyanide. As for the analogous iridium addfithis shift denotes that the CNXy! ligand
behaves in this compound solely as-donor. X-ray data fofla- CNXyl" (Figure 3) are also

alike those obtained for the iridium adduct anau

1a- CNXyl*

Figure 3. X-ray structure of complegta- CNXyl" (30% ellipsoids, H atoms and anion omitted
for clarity). Selected bond lengths (Angstroms) amgles (degrees): Rh(1)—N(1) 2.1573(18),
Rh(1)—N(2) 2.1172(19), Rh(1)—C(36) 1.989(2), C(36¥3) 1.156(3), Rh(1)—C(26)
2.180(3), Rh(1)—C(27) 2.144(3), Rh(1)—C(28) 2.178(1)—C(29) 2.193(2), Rh(1)—C(30)
2.180(3), C(36)-Rh(1)-N(1) 85.35(8), Rh(1)-N(2)-¢(@5.37(13), C(36)-Rh(1)-N(2) 87.45(9),
Rh(1)-N(1)-C(1) 92.47(13), N(1)-Rh(1)-N(2) 61.91,(RX1)-C(1)-N(2) 109.19(19).



Interestingly, acetonitrile formed a bis(adduet)which the aminopyridinate ligand is
bonded to rhodium exclusively through the.f atom, [(°-CsMes)Rh(k*-Ap)(NCMe),]",
la-(NCMe)" (only the mono-adduct ff-CsMes)Ir(k*>-Ap)(NCMe)]" was detected for
iridium®®). The existence of a symmetry plane simplifiessigerably the'H and™*C{*H} NMR
spectra of this complex. For instance, only ondete.22 ppm) and two doublets (1.08 and
1.35 ppm:Juy = 7.0 Hz) were recorded for thé®r substituents of the Mo aryl group and one

singlet (2.26 ppm) for the methyl protons of theigiye xylyl substituent.

Also in dissimilarity with the analogous iridiunystem, complexeg” reacted with CO

with incorporation of two molecules of CO (SchenjeaBd formation of the new compounds
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Scheme 3. The reaction of complexe$ with carbon monoxide.

1-(COY" that contain a terminal carbonyl(CO) = 2070 crit) and a carbamoyl! unit that is part
of a five-memberRh-N-C-N-C(O) ring ®(CO) = 1690 crl, data forla:-(COY"). Comparable
reactivity has been disclosed for ruthenttfiand iridium**® In the*C{*H} NMR spectrum of

these compounds the RIEO resonance appears at about 187 piaki(ca. 75 Hz) while the

Rh—C(O)N functionality can be found nearby (~188 ppispan the form of a doubletdern of



ca. 30 Hz). Figure 4 contains ORTEP drawings of thdemdar structure ofla- (CO)" and

1b- (CO)".

1la-(COY" 1b-(COY*

Figure 4. ORTEP view of the molecular structure of complekag(CO)" and1b-(CO)" (30%
ellipsoids, H atoms and anions omitted for claritgelected bond lengths (Angstroms) and
angles (degrees) fdra- (CO)": Rh(1)—N(1) 2.170(3), Rh(1)—C(26) 2.251(4), Rh(13:37)
1.921(5), Rh(1)—C(27) 2.226(4), O(2)—C(37) 1.133@Mh(1)—C(28) 2.163(4), Rh(1)—C(36)
2.033(4), Rh(1)—C(29) 2.231(4), O(1)—C(36) 1.206EN(1)—C(30) 2.309(4), C(37)-Rh(1)-
N(1) 93.29(16), Rh(1)-C(36)-N(2) 113.0(2), C(37){RRC(36) 87.00(18), Rh(1)-N(1)-C(1)
111.2(2), N(1)-Rh(1)-C(36) 79.28(12), N(1)-C(1)-N(2116.9(3). Selected bond lengths
(Angstroms) and angles (degrees) for (CO)": Rh(1)—N(1) 2.146(4), Rh(1)—C(18) 2.20(3),
Rh(1)—C(17) 1.95(3), Rh(1)—C(19) 2.241(7), O(2)—TY11.05(3), Rh(1)—C(20) 2.160(7),
Rh(1)—C(16) 2.000(6), Rh(1)—C(21) 2.262(7), O(1)-26X 1.270(7), Rh(1)—C(22) 2.330(7),
C(17)-Rh(1)-N(1) 97.8(9), N(2)-C(16)-Rh(1) 112.9(€)17)-Rh(1)-C(16) 92.9(6), C(1)-N(1)-
Rh(1) 111.2(3), C(16)-Rh(1)-N(1) 79.98(19), N(1)}HN(2) 116.7(4).

As expected, they display noticeable differenageghie lengths of the two rhodium-
carbonyl group bondsé. 1.92 A for Rh—CO and 2.02 A for the Rh—carbamayhtinus).

Corresponding C—O distances are also differeat 1.10 and 1.23 A, respectively) as foreseen

10



for essentially triple and double C—O bonds, and apd sp-hybridized carbon atoms,

respectively.

Reactivity of complexes 1toward H,

Amido derivatives of {°CsMes)M fragments (M = group 8 and 9 metals), partidylar
those that incorporate a chelating amine-amidantigdave a rich chemistry that permits their
utilization in the activation of Hand other small molecules. As a matter of facthyna
complexes of this type behave as bifunctional M{N catalysts for hydrogen transfer,

heterolytic hydrogenations and even C—C bond fogméactions:**21>1°

Contrary to the reactions of the homologous iridications [(>-CsMes)Ir(Ap)]* with Hy, that
under appropriate conditions yielded exclusivelyiiorium mixtures of the isomeric structures
| andll represented in Figure 1A, the interaction of thedium specied” with H, (1 bar, an
excess) turned out to proceed through a seeminghg momplex course, because it provided as
principal reaction products the cationic Rh(l) cdexes2’ represented in Scheme 4 (see also
structurelll in Figure 1B). The new complex&S contain neutral pentamethylcyclopentadiene
(CsMesH) and aminopyridine (ApH) ligands coordinated riftdiene andn®-arene fashions,

respectively.  Thus, in a formal sense the monoamionCsMes and

11
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Scheme 4. Generation of the Rh(l) complexes” dy reaction the Rh(lll) precursors 1°

and H,.

Ap ligands of complexe” underwent hydrogenation tosM@esH and ApH, respectively, with
concomitant reduction of Rh(lll) to Rh(l). For abmplexesl® the reactions were essentially
quantitative, although partial decomposition of ptemes2” by action of the solvent (Gl,)

could not be avoided (see below).

The Rh(l) complexeR]BAr ¢ proved to be air stable in the solid state bubdgmsed in
solution in contact with air. Under an inert atmiosge their CHCI, solutions decomposed
partially to give the knowd binuclear compound f{fCsMes),Rhy(l-Cl)s][BAr (], whose
chloride ligands originate from the solvent throwghundisclosed, probably radical mechanism.
It seems that decomposition is triggered by arassodiation, as hinted by the comparatively
faster decomposition of compled” that contains a fluoro-substitutatf-arene ring. The
molecular complexity of catior® was unveiled by an X-ray diffraction analysis2t and was

subsequently confirmed by solution NMR studies.

12
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Figure 5. ORTEP view of the molecular structure of comp@éx (30% ellipsoids, H atoms and anion
omitted for clarity). Selected bond lengths (Angstroms) and angles (dspr&h(1)-C(6)
2.341(7), Rh(1)-C(17) 2.113(8), Rh(1}C(7) 2.300(8), Rh(1}C(18) 2.140(8),  Rh(1)C(8)
2.306(8), C(14)-C(15) 1.496(12), Rh(1)C(9) 2.317(9), C(15rC(16) 1.436(12), Rh(1YC(10)
2.260(8), C(16xC(17) 1.438(12), Rh(13C(11) 2.318(7), C(17~C(18) 1.485(13),
Rh(1)-C(15) 2.161(8), C(14yC(18) 1.489(13), Rh(1)C(16) 2.136(7), C(16)-C(15)-Rh(1)
69.5(4), C(16)-Rh(1)-C(15) 39.0(3), C(17)-C(16)-Rh(69.4(4), C(17)-Rh(1)-C(16) 39.6(3),
C(18)-C(17)-Rh(1) 70.5(5), C(17)-Rh(1)-C(18) 40)0(€(14)-C(18)-Rh(1) 93.6(5), N(1)-C(5)-
C(6) 114.7(7), C(14)-C(15)-Rh(1) 92.5(5), N(1)-G{(2) 117.1(8).

Figure 5 depicts the molecular structure of thigo&c complex2b®. As can be seen, the
Rh(l) center is bonded to thesMesH ring through the C15-C16 and C17-C18 double bpnds
with an average Rh—C distance of 2.14 A (compartatbtbe Rh—G@Mes distances in the parent
complex1b’, that vary between 2.12 and 2.18 A). The non-doatdd sp-hybridized carbon
atom C14 featuregendoH and exoMe substituents, suggesting that complegésiorm by
intramolecular H transfer from Rh tosMes in a putative, non-detected)CsMes)Rh(Ill)
hydride intermediatev{de infrg).>?° This carbon atom C14 deviates considerably froerpiane
defined by the other four, $pybridized carbon atoms C15-C18. Indeed, the déledngle

between the latter plane and that defined by C13, &hd C18 is of 34.53 ©, a value analogous to

13



those found in related complexésThe coordination of rhodium is completed by gh
interaction with the 2,6-M€&€gH; aryl ring bound to the pyridinic unit of the nealtr
aminopyridine ligand. The metal-arene electronteriaction is characterized by relatively long
Rh—C bonds, the lengths of which vary betwean2.26 and 2.34 A. These separations are
similar to, albeit somewhat longer than those rembrfor other Rh(l)-arene complex@s.
Transition metal compounds with &1-CsMesH ligand that have been authenticated by X-ray

crystallography are scarce but some examples anerki?®??

NMR data for the new complexés are in excellent agreement with the solid-state
structure ascertained f@b" and discussed in the anterior paragraph. Takiadatier species as
a representative example, the most notice#hI8MR changes that accompany the dihydrogen-
induced transformation of compléb” into 2b" are the disappearance of the resonance centered
at 1.29 ppm (relative intensity 15 H) attributatite the n>-CsMes ligand of 1b* and the
emergence of a set of signals that can be assigitedafety to a neutral molecule o§NesH
with n*-coordination to rhodium. These are: (i) two sitgleith chemical shifts 1.95 and 1.32
ppm, each corresponding to two chemically equivad&(Me) groups (hence, each with relative
intensity equivalent to 6 H): (ii) one doublet (8.8pm;3J.y = 6.5 Hz, 3H); (iii) and a quartet
(2.78 ppmJuy = 6.5 Hz, 1 H). The latter resonances are assigrtabthe methyl and methine

protons of the C(H)Me) unit, respectively.

Additionally, it is worth mentioning that the neaitaminopyridine ligand o2b" is also
responsible for a broad singlet centered®d.93 due to the NH proton. Moreover, the CH
protons of the rhodium-boung®-2,6-Me,CsHs ring are shifted toward lower frequencies by

nearly 1 ppm relative to corresponding signalshef mon-coordinated xylyl substituents. These

14



protons resonate as a triplet and a doublet &i#39 (1 H;3Juy ~6.5 Hz) and 6.01 (2 Huy

~6.5 Hz).

'H NMR monitoring of the reactions of complexdd with H, provided useful
supplementary information. Firstly, it revealed tbemation of small amounts of the expected
(by similarity with the iridium system analogdeRh(lll) complexes3*, which are isomers of
cations1” with a structure of typ# in Figure 1A. Thus, usinga. 20-60 mol% concentrations of
H,, complexes3’ formed in about 5-20% quantities with the excapiid the fluoro-containing
cation 3d" that resulted in approximately 50% yield By NMR (see below). Under these
conditions, scant proportions of the Rh(l) derivesi 2* and the decomposition product
[(N°CsMes),Rhy(U-Cl)3][BAre] were also detected. Evidently, th&-to-3" rearrangement
required H—H and C—H bond cleavage as well as N—athdb formation. In addition,
complexes3” were also detected in the reactionslofvith an excess of Hand were found to
disappear in favour of the Rh(l) derivativ&s However, their back conversion to corresponding

isomersl” could not be observed.

Scheme 5 shows the general mechanism for theatdlyzed interconversion of

aminopyridinate isomeric structureandll that was advanced for iridium complexes with the

15
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Scheme 5. General mechanism for the interconversioof rhodium and iridium isomeric
complexes with structures | and Il in the presencef H..

support of experimental and computational stutfiésven if it is likely that related equilibria
exist between the Rh(lll) complex&$ and3*, unequivocal proof for their operation could not
be gathered. Probably this is due to the formatiocomplexes3™ only in minute concentrations
and above all to the appearing of the Rh(l) comgseX (which are actually unknown for

iridium) as the main reaction products. Besidestigladecomposition of the latter tonf{-
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CsMes),Rhp(p-Cl)3][BAr (] introduced additional complexity into the reactionanifold. For
rhodium, it appears likely that complex2s derive from a Rh(lll) hydride intermediate with
structure alikeB, although an alternative structLBé(Scheme 6) in which &agostic interaction
replaces th@?-arene binding seems also reasonable. The latthgsis finds strong support in
the observation of a related, also cationic, hyrafostic structure derived from g°{

CsMes)Rh(Ill) fragment and a metallated PMeXyligand® Regardless of the precise

ﬂ?’ ﬁ?’
R W R cH, R _Rh=—pcH,
s |-
R N / R N /
L B _ L - _
50°C1 20°C
,
7\ =
\ R'

Scheme 6. Proposed formation of the Rh(l) complex@s'-2d” from intermediate B or B".
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nature of this hydride intermediate, a reductivepdimg step involving its Rh—H and Rh—
CsMes functionalities, along with a conformational charajmed to establish the Rh(|j-arene

bonding interaction, would account for the formataf complexe®".

It is important to note that as indicated in Scherf and 6, the formation of complexes
2" could be reverted. In this manner larger amouftsomplexes3® (structure of typdl in
Scheme 5) were generated (see the Experimentalio®ecpermitting their complete
characterization by NMR studies. Thus, when,CBsolutions of previously isolated samples of
complexe2” were heated at 50 °C in an NMR tube, the corregipgrisomers3” were readily
identified. Partial decomposition to the chloridédged dinuclear compound nf{-
CsMes),Rhy(U-Cl)3][BAr (] took also place, but under these conditions thekwonversion 08"
into the isomeric complexes could not be observed. In the absence of theateatalculations
we can offer no rigorous explanation for the laélobservation of this isomer. However, it is
possible that, as for iridium, the thermodynamiagofir isomersS* relative to1*, making the
back 3"-to-1" conversion slower. This, added to the perturbatitroduced in the reaction
system by the Rh(l) complexe®’, and by their relatively easy decomposition tg°{(
CsMes),Rhy(U-Cl)3][BAr (], could justify our failure to observe complexd$ under these

conditions.

Another relevant piece of knowledge provided bg thi NMR monitoring of the
reactions of complexed” with H, is the facility of formation of complexe®” under the
conditions of Scheme 4. Complexias and1b’ differ in the nature of the Nigoaryl substituent,
viz 2,6-PpCsHs and 2,6-MeCgHs, respectively (See Figure 1A). It was found thaamtitative

formation of 2a" (> 95% by'H NMR) required 6 h, whereas thab* needed only 1h. In
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agreement with the isomerization mechanism repteden Scheme 5, this difference reflects,
most probably, the steric hindrance exerted byi4Resubstituents afa” to coordination of ki

to form intermediaté\. On the other hand, complex#s’, 1¢" and1d” are very similar but may
be distinguished thanks to the different R” grauphie 4-position of the aryl substituents of the
pyridine ring (H for1b", NMe; in 1¢" and F in the case dfd’). As already mentioned,
quantitative conversion int@b" needed 1h, whereas fa@c” 3h were required. As fa2d", its
formation was the fastest, with a 75 % yield aétely 10 min. Higher yields a2d" could not be
reached due to its decomposition t@°[{sMes),Rhy(u-Cl)s][BAr (], probably facilitated by
dissociation of the F-containimf-arene ring. The above differences may arise fioenfacility
with which the purported Rh(lll) hydride intermetsia with structureB, or B", experience

reductive coupling to the corresponding isomeri¢lRétructure<2”.

Before closing, some comments on the divergenavwieh of the iridium and rhodium
complexes of compositionf-CsMes)M(Ap)]™ in their reactions with Happear appropriate.
Firstly, reductive coupling and reductive elimimatiof M—H?* (or M—Me”™) and GMes or
other cyclopentadienyl ligands, have been obsefwedarious transition metals, in some cases
in a reversible mannéf:?**?*#secondly, the formation under mild conditions loé rhodium
complexes2’ that, as already noted, are unknown for iridiusy,in almost all probability, a
consequence of the easier reduction of Rh(lll) b§l)Rin comparison with the analogous Ir(ll1)
to Ir(l) redox change. Such difference in the ie&astability of metal oxidation states, not only
in the +1 and +3 ones, but also in others, are comynencountered in the chemistry of late
transition elements, particularly of rhodium anddium. For example, during studies on
cyclometallations, Leong and co-workers obtaindfint types of products in the course of the

reactions of the Rh and Im{-CsMes)MCl,], dimers with an anyline and a terminal alkyne, that
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were explained by reason of the more difficult asdality of the M(V) oxidation state for
rhodium?® On a completely different topic, in recent studiéshe double deprotonation of the
bis(2-picolyl)amine ligand in Rh(l) and Ir(l) congdes, [M(bpa)(codj] (cod = 1,5-
cyclooctadiene), Tejel, de Bruin, Ciriano and coens explained the observed thermodynamic
differences in the products as arising from thedowstability of Ir(-1) in comparison with Rh(-
1) A last, truly remarkable example that implicatée t+1 and +3 oxidation states was
provided by Brookhart and co-workers, who took adage of the ease of reduction of Rh(lll)
relative to Ir(lll) to observe and characterize dplution NMR spectroscopy a relatively long-

lived o-methane complex of rhodium @j.

In summary, this contribution extends previousl&s on the reactivity of cationic Ir(lll)
complexes of compositionr{f-CsMes)Rh(Ap)]* with H,'° to the rhodium analogues (complexes
1%). For the two metals a dihydrogen-catalyzed is@ration of the aminopyridinate ligand from
the commonk®N,N" bidentate coordination to an unus#aN-n3-pseudo-allyl bonding mode
(Rh complexe$®) has now been documented (Figure 1A), in a regerarent that required H—
H, C—H and N—H bond activation. However, while fadium this was the principal chemical
change observeld, for rhodium a stoichiometric hydrogenation of th@&sMes and
aminopyridinate ligands tos®lesH and ApH, respectively, took place, with concomitenetal
reduction to Rh(I) (complexe®’). This was demonstrated to be the main reacticgh pad
occurred irreversibly at room temperature in thespnce of an excess ob.H'he dissimilar
chemical behavior of the rhodium compounds relativéhe iridium analogues is most likely due

to more facile reduction of M(lll) to M(I) for rhadm than for iridium.
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EXPERIMENTAL SECTION

General Procedures: Microanalyses were performed by the MicroanalytiSarvice of the
Instituto de Investigaciones Quimicas (Sevilla, iBpalnfrared spectra were obtained from
Bruker Vector 22 spectrometer. The mass spectra wbtained at the Mass Spectroscopy
Service of the University of Sevilla (CITIUS). TIMMR instruments were Bruker DRX-500,
DRX-400 and DPX-300 spectrometers. Spectra werrested to external SiMgd 0 ppm)
using the residual protio solvent peaks as intestahdards ‘H NMR experiments) or the
characteristic resonances of the solvent nuc¢fi@ (NMR experiments). Spectral assignments
were made by routine one- and two-dimensional NM@Reements where appropriate. All
manipulations were performed under dry, oxygen-foBeitrogen, following conventional
Schlenk techniques. The crystal structures wererch@hed in a Bruker-Nonius, X8Kappa
diffractometer. Metal complex [Cp*Rhg},”® as well as NaBAf® were prepared as previously
described. The lithium salt of the aminopyridinitands were prepared according to published
procedures® The *H and *C{*H} NMR spectral data for the BAranion (BAg = B[3,5-
(CR3)2CsH3]4) in CD.Cl;, are identical for all complexes and thereforerarerepeated belowH
NMR: & 7.75 (s, 8 Hp-Ar), 7.58 (s, 4 Hp-Ar). *C{*H} NMR: § 162.1 (q,"Jcs = 37 Hz,ipso-
Ar), 135.3 p-Ar), 129.2 €, 2Jcr = 31 Hz,m-Ar), 124.9 (q,'Jcr = 273 Hz, CE), 117.8 p-Ar).

Compound 1a-Cl.A toluene solution of the corresponding LiAp (24@, 0.66 mmoles; 2 mL)
at -50 °C was added to a suspension of [Cp*RBC200 mg, 0.32 mmoles) in toluene at -50 °C.
The resulting mixture was stirred, allowed to waomoom temperature and stirred for a further
period of 5 h. The solution was filtered throughiteeand the solvent removed under reduced
pressure’H NMR analysis of the crude reaction mixture showedntitative conversion into
1a-C| which was crystallized from Eb-hexane mixtures at -23 °&4 NMR (CsDs, 25 °C):5 =
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7.32,7.23,7.21, (d, t, d, 1 H ealBn ~ 7.5 Hz, 3 Cip), 7.06, 7.02, 6.92 (t, d, d, 1 H each,
%Jun ~ 7.5 Hz, 3 CHy), 6.65, 5.66, 5.42 (t, d, d, 1 H ealBy ~ 7.5 Hz, 3 CH,), 4.42, 3.53
(sept, 1 H eachJuy ~ 7.0 Hz, 2 Ch), 2.72, 2.21 (s, 3 H each, 2 Mg, 1.43, 1.35, 1.32, 1.23
(d, 3 H each®Juy ~ 7.0 Hz, 4 Mgy), 1.03 (s, 15 H, 5 Mg-). **C{*H} NMR (CsDs, 25 °C):5 =
172.4, 157.4 (Gpy), 148.0, 147.9, 139.6 (Gip), 140.9, 138.7, 137.0 (Gy), 136.8, 107.2,
106.5 (Chbyy), 128.0, 126.9 (2:1, Chi), 125.4, 124.3, 124.0 (GJgp), 91.6 (d,"Jrnc = 8 Hz, G
cpr), 28.3, 28.0 (Chy), 26.9, 25.8, 25.0, 23.6 (M@, 22.1, 20.1 (Mg,), 8.8 (M&y+). Anal.
Calcd (%) for GsH44CIN2RN: C, 66.6; H, 7.0; N, 4.4. Found: C, 66.5; H,, N24.1.

Compounds 1b-CIl-1d-ClI See the Supporting Information for synthetic detaand
characterization data.

Compound [1a]BAreg. To a solution ofLla- Cl (374 mg, 0.593 mmol) in Gi&l, (5 mL), NaBAE
(524 mg, 0.593 mmol) in Ci€l, (3 mL) was added. Immediately, the colour of tb&ison
turned from red to dark green as a consecuenclkeoformation of the cationic complex. The
resulting mixture was filtered through celite, evegied to dryness and the residue washed with
pentane, to yield quantitatively complga]BAr . *H NMR (CD:Cl,, 25 °C):5 = 7.30 (m, 7 H,

1 CHpy + 3 CHyyi + 3 Chbipp), 6.20, 5.16 (d, 1 H eachlyn ~ 7.5 Hz, 2 CHy,), 3.53 (sept, 2 H,
3Jun ~ 7.0 Hz, 2 Chg), 2.32 (s, 6 H, 2 Mg1), 1.44, 1.14 (d, 6 H eacfJus ~ 7.0 Hz, 4 Mg)),
1.32 (s, 15 H, 5 Mg:). *C{*H} NMR (CD,Cl,, 25 °C):5 = 179.9, 156.5 (g»y), 145.6, 137.0
(2:1, Gyoipp), 144.4, 116.3, 102.9 (GHl), 137.6, 135.7 (1:2 C,{&y1), 130.0, 128.5 (1:2, Ch),
128.0, 124.6 (1:2, Chp), 94.7 (Gcp?), 28.7 (Chby), 25.2, 23.8 (Mg), 20.2 (Mgy), 9.5
(Mecp+). Anal. Caled (%) for €HseBF2aN2RN: C, 54.2; H, 3.9; N, 1.9. Found: C, 54.2; H,;4.5
N, 1.5.

Compounds [1b]BAre-[1d]BArg: See the supporting Information for synthetic detand

characterization data.
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Compound [la-NH]BAr . NH;3 (g) was bubbled through a solution of compoliba|BAr ¢
(200 mg, 0.071 mmol) in Gl (5 mL) for 5 min. During this period of time thelour of the
solution changed from dark green to bright red. fidseilting mixture was stirred for 30 minutes
and the volatiles were then removed under reducesspre.'H NMR analysis of the crude
product revealed quantitative conversion into camfila- NHs]BAr . *H NMR (CDxCly, 0 °C):
5=7.25(m, 7H, 3 Ckli +3 CHpjpp + 1 CHhy), 6.11, 5.74 (d, 1 H eacA)yy ~ 7.5 Hz, 2
CHpy), 3.10, 2.66 (br s, 1 H each, 2 @M 2.44 (s, 3 H, Nh), 2.20, 2.17 (s, 3 H each, 2 M8,
1.32,1.12,1.02 (br s, 2:1:1:, 4 Mg 1.25 (s, 15 H, 5 Mg-). "*C{*H} NMR (CD,Cly, 0 °C):5 =
173.6, 156.8 (&ey), 147.8, 143.7, 136.9 (br,qGipp), 138.9, 129.4, 125.9 (G4l + ChHpjpp +
CHpy), 138.5, 137.6, 133.9 (br,(&y), 128.4, 127.9, 125.9, 123.3 (br, G + CHyy), 110.3,
108.0 (Chbyy), 94.0 (d,"Jcrh = 8.2 Hz, Gcp), 29.4, 28.3 (CHy), 26.0, 25.1, 24.0, 21.4 (Ms),
20.7, 20.1 (Mgy), 8.7 (CHey). Anal. Calcd (%) for gHsBF24NsRh: C, 54.5; H, 4.0; N, 2.8.
Found: C, 54.5; H, 4.0; N, 2.7.

Adducts of complexta” with dmap, CNXyl and NCMe were prepared by a simprocedure
(see Sl).

Compound [la:-(CO}|BAr CO (g) was bubbled through a solution of compo{faBAr ¢
(100 mg, 0.071 mmol) in Gl (5 mL) for 5 min. During this period of time thelour of the
solution changed from dark green to yellow-oraridee resulting mixture was stirred for 3 h and
the volatiles were then removed under reduced pres$i NMR analysis of the crude product
revealed quantitative conversion into comp[&a:- (CO)]BAr ¢, which was crystallized from
CH,Cl-Et,0-hexane mixtures at -23 °C. IR (Nujol)(CO) 2070,v(COamicd 1690 cnit. *H
NMR (CD,Cly, 25 °C):3 = 7.78, 7.00, 6.51 (t, d, @Jun ~ 7.5 Hz, 3 CH,), 7.60, 7.40 (t, d, 1:2,

3Jun ~ 7.5 Hz, 3 Clgipp), 7.43, 7.31, 7.27 (M, d, d, 1 H ealhy ~ 7. 5 Hz, 3 Cly), 2.67, 2,32
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(sept, 1 H each®Juy ~ 7.0 Hz, 2 Chp), 2.17, 2.16 (s, 3 H each, 2 Mg, 1.59 (s, 15 H, 5
Mecy), 1.26, 1.18, 1.12, 1.04 (d, 3 H eallyy ~ 7.0 Hz, 4 Mgy). *C{*H} NMR (CD.Cl,, 25
°C): 5 = 188.4, 186.8 (d'Jcrh = 30 Hz,"Jcrh = 75 Hz, Rh-CON and Rh-CO, resp.), 160.2, 158.6
(Cqpy), 146.2, 146.0 (Eoipp), 141.4, 123.6, 111.0 (Gki), 138.6, 136.3, 133.2 (Gyi + Copipp),
137.2 (Gxy), 131.4, 125.8, 125.6 (Gigp), 130.8, 129.4, 129.2 (Gkl), 109.6 (d;"Jrnc = 5 Hz,
Cqcp?), 30.0, 29.5 (Chy), 24.3, 24.1, 23.9, 23.5 (Mg, 22.1, 21.3 (Mg), 9.4 (Me,). Anal.

Calcd (%) for GoHseBF24N2O-Rh: C, 54.7; H, 3.7; N, 1.8. Found: C, 54.8; H,AN01.8.

Related carbonyl derivatives bb*™-1d” were prepared by an analogous procedure (see Sl).

Compound [2a]BArg. In a Young NMR tube, a solution of complgta]BAr g (20 mg, 0.014
mmol) in CD:Cl, (0.5 mL) was treated with H1 atm). After 5 h at room temperatdté¢ NMR
analysis of the reaction mixture revealed transéirom into complex[2a]BArg in >95 %
spectroscopic yield. IR (Nujoly(NH) 3426 crit. *H NMR (CD,Cl,, 25 °C):5 = 7.52, 6.57, 6.13
(t, d, d, 1 H eachiJyp ~ 7.5 Hz, 3 CHyy), 7.37, 7.11, 6.50 (m, d, t, 1 H ealBy ~ 7.5 Hz, 3
CHuexyl), 7-27 (br d, 3 H3Ju ~ 7.5 Hz, 3 Cldipp), 6.00 (br s, 1 H, NH), 3.18 (sept, 2 Hyn ~
6.5 Hz, 2 Chpy), 3.00 (br s, 1 H, BMe), 2.12 (br s, 6 H, 2 Mgxy), 2.06, 1.47 (s, 6 H each, 4
Mena-cyciopentadiens 1.16 (d+d, 12 H3Juy ~ 6.5 Hz, 4 Mgy), 0.56 (d, 3 H3Jyy ~ 6.5 Hz, CHle).
BC{*H} NMR (CD,Cl,, 25 °C):6 = 160.1, 151.1 (Gpy), 148.2, 136.3 (Eoipy), 139.2, 114.7,
100.8 (Chby), 129.0, 128.0, 103.0 (G4l), 124.8, 115.2 (2:1, Gexy), 102.8, 79.8 (d\Jcrn =
10 Hz, Ga-cyclopentadiens 59.7 CHMe), 29.1 (Chby), 23.8 (Meyy), 23.2 (CHVIE), 18.5 (M@e.xy),
14.0, 11.6 (Mgs-cyciopentadiens HRMS (FAB): m/z calcd for gHseNoRh [M]™: 597.2716. Found:
597.2682.
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Compound [2b]BArg. Following the procedure described above, comg@xBArg was
obtained after 24 h in 85 % spectroscopic yield] @anwas crystallized from C}l,-pentane
mixtures at -23 °C*H NMR (CD,Cly, 25 °C):5 = 7.44, 6.46, 6.17 (t, d, d, 1 H ealby, ~ 7.5
Hz, 3 CHby), 7.08 (s, 3 H, 3 Ckj), 6.39, 6.01 (t, d, 1:2J4y ~ 6.5 Hz, 3 Chxy), 5.93 (br s, 1
H, NH), 2.78 (q, 1 H3Ju ~ 6.5 Hz, GMe), 2.15 (s, 6 H, 2 Mg)), 1.94 (s, 6 H, 2 M@ .xy),
1.95, 1.32 (s, 6 H each, 4 Me&yciopentadiens 0.43 (d, 3 H>Juy = 6.3 Hz, CHMe). °C NMR
(CD,Cl,, 25 °C):5 = 159.2, 151.5 (€py), 139.6, 115.3, 107.8 (Gkj), 137.8, 129.7 (2:1, Guy),
129.5 (CHyy), 124.3, 115.4 (1:2, Gexy), 103.3, 101.2 (s, d, 1:2)crn = 4 Hz, CHe.xy1), 103.2,
80.2 (d, Jcrn ~ 10 HZ, Gua-cyciopentadiens 59.9 CHMe), 23.8 (CHVE), 19.0 (M@e.xy1), 18.9
(Mexy), 14.4, 12.0 (M&a-cyclopentadiens Anal. Calcd (%) for gsHsoBF4NoRh: C, 53.9; H, 3.6; N,

2.0. Found: C, 53.5; H, 3.8; N, 2.1.

The generation of the related complefagBArr and[2d]BAr ¢ is detailed in the accompanying

Sl

Compound [3a]BArg. Method a:In a Young NMR tube, a solution of complgba]BAr e (0.04
g, 0.03 mmol) in CkCl, (0.5 mL) was treated with H(200 mol %). After 24 h at room
temperature'H NMR analysis of the reaction mixture revealechsfarmation into complex

[3a]BAr in 6% spectroscopic yield.
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Method b In a Young NMR tube, a solution of complg€a]BArg in CD.Cl; (0.5 mL) was
heated at 50 °C for 36 fiH NMR analysis of the reaction mixture revealed tbemation of

complex[3a]BArk in 60 % spectroscopic yield.

'H NMR (CD,Cl,, 25 °C):5 = 8 7.5-6.0 (9 CHAr), 5.82 (br s, 1 H, NH), 3.72, 260 1 H each,
2Jun ~ 3.5 Hz, Rh—CH), 3.19, 2.81 (sept, 1 H eactlyy ~ 6.5 Hz, 2 Ckp,), 2.49 (s, 3 H, 1
Mexy), 1.54 (s, 15 H, 5 Mg:), 1.32 (d, 3 H3Juy ~ 6.5 Hz, 1 Mg,), 1.27 (m, 6 H, 2 Mg,), 1.02
(d, 3 H,%Jun ~ 6.5 Hz, 1 Mg,). °C NMR (CD,Cly, 25 °C):6 = 96.7 (d,"Jcrn = 7.3 Hz, G.cpe),
47.3 (d,%Jcrn = 14 Hz, Rh—CH), 29.6, 28.8 (1:1, Chl), 25.7, 23.8, 23.7, 23.1 (1:1:1:1, Mk
20.7 (M&y1), 9.6 (Mep+). Other resonances have not been identified inrélaetion mixture.

HRMS (ESI): m/z calcd for &H44NoRh [M]*: 595.2554. Found: 595.2547.

Complexes [3b]BA-[3d]BAr  were also generated Methods aandb detailed above. Please,

see S| for details.

ASSOCIATED CONTENT

Supporting Information. X-ray crystallographic data in CIF format, expeental procedures,
crystallographic data, and details of the structeeerminations foda-Cl, 1b-Cl, [1b]BAr -
[1d]BAr g, [1a:CNXyl|BArg, [1a:-(CO)|BAr g, [1b-(CO)|BAr g, [2b]BAr g, This material is

available free of charge via the Interneh#p://pubs.acs.org
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A study on the reactivity of cationic Rh(lll) cofepes of composition K-

CsMes)Rh(Ap)]” (complexes1’) with H, is reported. The main products result from
stoichiometric hydrogenation of thesMes and aminopyridinate ligands tosM@esH and ApH,
respectively, with concomitant metal reduction tdi(IlR (complexes2’). Additionally, a
dihydrogen-catalyzed isomerization of the aminagipate ligand from the commox?-N,N’
bidentate coordination to an unuswaN-n>-pseudo-allyl bonding mode (Rh complex@$ is

observed.
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