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ABSTRACT: The fully CQMe-substituted aquo-iridacyclopentadietiereacts with a variety of
aromatic aldehydes, at 90-120 °C, with formatiorbigfyclic Fischer-type carbenes, generated by the
transfer of the aldehydic H atom tanacarbon of the metallacycle and concomitant bondihthe O-
atom to the adjaceffd-carbon. These carbenes have a thermodynamicalbyddanti configuration of
these G-H and G—O bonds but it is proposed that an unobsesyadcarbene is the kinetic primary
product, which then easily epimerizes by advenigiwater. Milder reaction conditions, 25-60 °Cowall

for the isolation of intermediat®-coordinated aldehyde adducts. While these reactlmave been

observed for a wide variety of aromatic aldehy@epyridinecarboxaldehyde behaves differently as the



reaction leads to a very stalileadduct, in spite of two isomeri©-bonded adducts being formed as

kinetic products,.

INTRODUCTION

Aldehydes are very important substrates in syrthetganic chemistry, as they can experience
different types of transformations. The simple, mally metal-mediated, aldehyde decarbonyldtfon
(R—C(O)H— R—H + CO) is receiving increasing interest as namditional examples of the coupling
of this process with different reactions are beiegeloped. Many more examples besides this report
the use of aldehydes in other processes such iglitmerization to esters (Tishchenko reactibihe
preparation of biofuels from carbohydrate feedsfoalsymmetric synthesfsthe application as CO
releasing molecules (CORM'Sktc.

Rh(l) and Ir(l) complexes are well known for theibility to effect, either stoicheiometric or
catalytically, the decarbonylation of aldehydésir(ll)-R species are considered it has beemnf that,
provided that there is a vacant coordination pasiteasily available, their reaction with aldehydes
afford carbonyl-Ir(lll) complexes. This is best exdified by the work of Bergmast al. in a cationic

(CsMes)Ir systen? which is summarized in eq 1.
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In the TP"Ar(ll) system, we have reported on a similar bébawn the reaction of the diene
derivative TH'®4r(CH,=C(Me)C(Me)=CH) with aliphatic and aromatic aldehydes, eventugigyding
the Ir(lll) carbonyl specied shown in Scheme 1, in a reaction that takes pliasielly formation of the
16 € unsaturated Ir(lll) species shown in the Schemg thien through a series of kinetic bicyclic

Fischer carbene "intermediates" to be commentedoire detail below®
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Scheme 1. Reactivity of T%r(CH,=C(Me)C(Me)=CH) with aldehydes (refer. 10). Throughout the

paper, [Ir] represents ¥%r (TpV*? = hydrotris(3,5-dimethylpyrazolyl)borate).

However, a different outcome was observed on theti@n of the complex ™5Ir(C,H,), with the
same substrates, in which, through the participatibthe 16 eunsaturated Ir(lll) species shown in
Scheme 2, an interesting coupling took place. |a dase, the aldehyde experienced a nucleophilic

attack of an alkenyl ligand, with the eventual fatian of an elaborated chelating ligarid.
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Scheme 2. Reactivity of T5%Ir(C,H,), with aldehydes (refer. 11).

Very recently, we have described the thermal reastiof the fully C@GMe substituted Ir(Ill)
metallacyclopentadiend with aliphatic aldehydes RC(O)H (R = M&u), which result on the
decarbonylation of the organic substrate as depicteScheme 3. These findings were rationalized on

the basis of a reversible abstraction-donatiorhefaldehydic hydrogen of the correspondix@dduct

by aa-carbon of the iridacycle (Scheme'3).



E E C//O E E
— R— | —
[Ir]@/j N [r]g
E=CO,M
H,0 2 0

- t
; R = Me, ‘Bu >/H
R l

E E E E

E
[Ir]g R—H [lr]zZI
’ E g )\ HooC
“ 1-cO © R/

Scheme 3. Reaction &fwith aliphatic aldehydes (refer. 12).

In this contribution, we report on the very diffeteeactivity that complef shows against aromatic
aldehydes, which lead to an interesting set ofl)irHischer carbenes that resemble those obtaised a

intermediates in the reaction of Scheme 1 (see)elo

RESULTS AND DISCUSSION
Formation of bicyclic Fischer carbenes
The reaction of the iridacycl& with benzaldehyde (1.5 equiv.¢ids, 120 °C) leads to the bicyclic

compoundain almost quantitative spectroscopic (NMR) yiedd) Q).
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As can be observe@a is the result of an interesting coupling of thelacyclopentadiene, after
extrusion of water, with the aldehyde. The lattenctionality has been transformed into a Fischer
carbene ligand with its oxygen being bonded to ointhe 3-carbons of the original metallacycle and
with the aldehydic hydrogen being stereoselectitedypnsferred to the adjaceat carbon,anti with

respect to the formed O—C bond. Specshas been completely characterized by spectroscopy
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methods including single crystal X-ray diffractistudies. Inspection of both tHél and *C NMR
spectra immediately reveals the lack of the 2:1mgtny exhibited by the starting materfaband thus
independent resonances are observed for the rfaeich of the pyrazolyl arms of the™pligand. In
the'H NMR spectrum, the most characteristic resonasi@esinglet at 5.24 ppm that corresponds to the
Ir-CH(E)- proton that derives from the aldehydic H atdm.the **C{*H} NMR the supporting sp
carbon of this proton resonates at 33.6 ppig,(= 138 Hz) while the carbene carbon gives rise to a
signal at 252.3 ppm.

Figure 1 shows an ORTEP representation of the nalaecstructure of2a, together with some
selected bond distances and angles. The carbearalligas a bond distance Ir—C(16) of 1.929(5) A
while the other two Ir—C bonds have lengths of 2(5) A (I—CH(E)-C(E)-) and 2.031(5) A (Ir—

C(E)=C(E)-) respectively, which fall within the eaqted range for these types of single bdfds.
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FIGURE 1. X-ray structure of compouia (50% displacement ellipsoids, H atoms except thatdn
on C(23) omitted for clarity). Selected bond lersgtA) and angles (deg): Ir(1)—C(16) 1.929(5), k)
C(26) 2.031(5), Ir(1)—C(23) 2.107(5), Ir(1)—N(1) 180(4), Ir(1)—N(3) 2.160(4), Ir(1)—N(5)
2.167(4), C(25)—C(26) 1.342(7); C(16)—Ir(1)-C(269.8(2), C(16)—Ir(1)—C(23) 79.0(2), C(26)—

Ir(1)—C(23) 77.7(2).



Similar reaction outcomes as the one depicted & &ie place with a variety of aromatic aldehydes.
Thus, anisaldehydep-dimethylaminobenzaldehyd&y-nitrobenzaldehyde, and two thienylaldehydes

provide the related compoundb-f in excellent spectroscopic yields (eq 3).
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S

2f, Ar=
Y, (3)

Probably due to steric reasons, the rotation ardahedC—Ar bond of the aromatic residue on the
carbene ligand is slow, at 25 °C, on the NMR ticees For the case of the thienyl-derived compounds
only one of the two possible rotamers is preser@Cl solution, and this is the one with the sulfur
pointing away from the T™§? ligand.

Interestingly in all the carbenes studied, of tloarfnon-equivalent CfMe groups, the methyl
resonances appearing at lower field in both ‘tHeand **C{*H} NMR spectra are broadened. This
broadening also affects to the correspondi@Me nuclei and for that reason they remain unobskrve
in the®*C{*H} NMR spectra but can be detected by a weak cpes in the'H-*C HMBC spectrum.
This behavior is best explained by invoking tha garticular C@Vie group populates two, or more,
conformers that, at ambient temperature, are nttarrapid exchange regime on the NMR time scale,
but no efforts have been devoted to either clahfg issue or to positively identify the responsibl
CO:Me group.

Electron withdrawing substituents in the aldehyaeofs the coupling reaction of eq 3 and thus we
have found thafl and p-NO,-CsH,C(=O)H react in @Dg solution at 90 °C, under pseudo-first order
conditions (25 mM, 5 equiv. aldehyde), to gike with t;,, of ca. 30 min, whilep-OMe-GH,C(=O)H
does so, at 120 °C, with, of ca. 1 h. As expected, and following this trend, therenpowerful

electron-donating NMesubstituent retards the coupling even more (12,9 of ca. 18 h). Heating
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compounds? at a temperature higher than needed for their don (150 °C) only results in a slow
decomposition to a complex mixture of unidentifgdducts, at least for the compounds tes?acind
2d.

In comparing the reactivity, against aromatic ajds, of complexl and also of the Tf*
iridacyclopentene commented on in the Introducttarm questions arise. First, in route to the caybon
derivatives TH®*?Ir(Ar)(CH,C(Me)=CMe)(CO) (A), bicyclic compounds related ta2 were isolated as
"intermediate species” (Scheme 4) where the aldehydirogen was added insgn disposition with
respect to the formed-©C bond and this may be called a "normal” transfahis hydrogen; so, why

this stereochemistry is not observed in speztes
o l
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Scheme 4. Comparison of the bicyclic carbene strastobtained in reference 10 (a) and in this work

(b).

DFT calculations are clearly in accord with thet @t theanti stereocisome? is more stable than the
unobservedsyn addition producC (by 6.9 kcal-mat) and we propose that this species is the primary
reaction product, although one that experiencemaggC—2 epimerization by adventitious water acting
as a basic transfer catalyst. Evidence for thishaeism was found by heating compl2a in CsDs
containing CROD, where complete deuteration of the(CO,Me) functionality was observed after 1 h

at 120 °C.



The second question concerns the lack of a clemarlbenylation of carbene®, under forced
conditions. In comparison, this process was obsefoe derivativesB,'® and more remarkably it was
also the case when the same precuts@acted, at 120 °C, with aliphatic aldehydes @dehyde and
'‘Bu-aldehyde) where the Ir-carborlCO and the corresponding alkane were forfi¢see Schemes 1
and 3 in the Introduction). We have tried to untlerd this dichotomy through the use of DFT
calculations to be described below.

Related metallacycles also experience this type cotipling. Thus, the benzo-annelated
iridacyclopentadiend(CsH4)™ provides the corresponding carbene upon reactitty manisaldehyde
(eq 4), while the three-G®le-substituted derivativé(H)'® does the same upon reacting withiMe,-
CsH4sC(=O)H (eq 5). Once again, in both complexes thdelatdic hydrogen appears in anti

relationship with respect to the formed-@ moiety.

(]3] p-OMe-CsH4C(=O)H
/
/ E CgHg, 120 °C
H20 E= COZMe
1(CsHa) MO 2(CeHab (4)
E
E A E
E mm—_
- == p-NMe,-C¢H,C(=O)H ”
r
o E
‘ H CgHg, 120 °C c\o H
E E = CO,Me
H,0
1(H) Me,N 2(H)c (5)

As can be observed, formation of compl2fd)c implies the selective binding of the aldehydic
oxygen atom to th@-carbon that bears the hydrogen atom. This regroseity is accompanied by an
increase of the reactivity of comple(H) with respect tol as 2(H)c is formedca. one order of

magnitude faster than the correspondegThis may be the result of the H transfer beingjextted to
8



less steric pressure, but also because the attdek f)=C(H)- moiety is less electronically podihis
latter factor complements the reactivity resultsaoted upon changing the nature of the aldehyde (se
above)

Compound2(CegH4)b and 2(H)chave been completetharacterized from spectroscopic data and, in
the case of2(Ce¢Hy)b, by a single-crystal X-ray structure determinat{Bigure 3). In this complex the
Ir(1)—C(1), Ir(1)—C(16) and Ir(1)—C(10) bond length(1.918(6), 2.021(6) and 2.137(6) A
respectively) are in the range expected for Ir-eae) Ir-alkenyl and Ir-alkyl functionaliti¢s. The C—
I—C bite angles are 87.3(2)° (C(1)—Ir(1)—C(16))8.7(2)° (C(1)—Ir(1)—C(10)) and 77.5(2)°

(C(10)—Ir(1)—C(16)) for the different metallacycles

Figure 3. X-ray structure of compou@CsH4)b (50% displacement ellipsoids, H atoms except the H
atom on C(10) omitted for clarity). Selected boeddths (A) and angles (deg): Ir(1)—C(1) 1.918(6),
Ir(1)—C(16) 2.021(6), Ir(1)—C(10) 2.137(6), C(16)-&B) 1.392(9), C(15)—C(9) 1.501(9); C(1)—

Ir(1)—C(16) 87.3(2), C(1)—Ir(1)—C(10) 78.7(2), C(28Ir(1)—C(16) 77.5(2).



Isolation of intermediate O-coordinated aldehyde adducts

If the reactions of eqs 2-5 are conducted undetdenitonditions in gHg or CHCI, (25-60 °C), thé-
coordinated aldehyde addu@sare formed instead (eq 6). These species arey edmilacterized by
NMR. All of them exhibit aH NMR resonance around 9-10 ppm (see Experimeataipsponding to
the aldehydic H atom,e. at values close to those of the free aldehydes tlemdame is true for the
resonances corresponding to the aldehydic C nu€leése data indicatg’-O-coordination of the
aldehyde¥ and we observe, as expected, that in the pres#rbe thienyl moieties, Ir(lll) prefers to
coordinate with the aldehydic oxygen rather thatihe softer sulfur atom. In all these compoutioks,
aryl ring of the aldehyde rotates fast, around Ahe-C bond at 25 °C, on the NMR time scale, and
NOESY spectra (see graphics in the Experimentati@gcindicate that the aldehydic hydrogen is

pointing towards the metallacycle as is depicteeqgré.

X X
~* ArC(=0)H ~
rcC(=
[ir #, [ir] _
= g CeHor CHCI, | E
E 25-60 °C E
H,0 o
E = CO,Me H
Ar
2X=2E1 2X=2E 3a:Ar=CgHs
2X= CgHg, 1(CeHy) 3b: Ar = CgH,-p-OMe
2X=E,H, 1(H)

3c: Ar = CgHy-p-NMe,
3d: Ar = CgH4-p-NO,
3e: Ar= S.__Me

w

_ S
3f, Ar= \@

2X=CgH; 3(CgHy)b: Ar = CgHy-p-OMe
3(CGH4)CZ Ar= CsH4-p-NMe2

2X=E,H 3(H)c: Ar = CgH,-p-NMe, (6)

The reactivity of compleXd against selected aldehydes has been studied biyomiog the formation
of the O-adducts, in CBCl, at 25 °C, under pseudo first-order conditions {29, ca 5 equiv. of
aldehyde). Rather surprisingly, and as was the dasehe formation of complexeg, electron
withdrawing substituents in the aryl ring of thenbaldehyde kinetically favaD-adduct formation and
thus the following reactivity order has been foupeNO,-CgH,C(=O)H > GHsC(=O)H > p-OMe-

CeH4C(=O)H (after 24 h, the corresponding adducts wermed in 90, 50 and 20%, respectively).
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However this sequence is reverted, as expectedy wWiereactions are under thermodynamic control
and thus it has been found for example that at ®0if CDCE, the equilibrium3d + p-OMe-
CeH4C(=O)H == 3b + p-NO,-CsH4C(=O)H (25 mM, 5 equiv. of each aldehyde) is seafiprca. 10 h
with K = 13.

The O-coordinated aldehyde structure has been confinmélde solid state by an X-ray study carried
out with compoundb. Figure 4 shows an ORTEP view of this derivatia®ng with some selected
bond distances and angles. The metallacycle mmeatgt affected by the coordination of the aldehyde
and the bond distances and angles are almostddettithose found in the parent compourd The
X-ray study also indicates that the rotamer pregergolution,i.e. the one with the aldehydic-€H
pointing towards the metallacycle, is also the ¢aeured in solid state. As can be observed, this
disposition situates the aryl ring far away frore trowded metal-ligand environment, thus accounting
for its free rotation observed by NMR. Other bonstahces and angles fall within the expected values

and need no further comment.

C(23)

C(20).4

(€
oYY

ol BT Y&
26) So)
0(57
& e
c35

Figure 4. X-ray structure of compou3td (50% displacement ellipsoids, H atoms except tregdt on

C(16) omitted for clarity). Selected bond length8) (and angles (deg): Ir(®}C(24) 2.029(8),
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Ir(1)—C(27) 2.032(8), Ir(B-N(1) 2.037(8), Ir(1}-O(1) 2.074(6), Ir(1}-N(5) 2.144(7), Ir(1}~N(3)

2.150(7); C(24-Ir(1)—C(27) 79.5(3).

The O-bonded aldehyde ligands are labile, as showndrabove-mentioned equilibration studies, and
in some cases they may revert to the corresporaloighyde and compourid This may prevent the
proper purification and spectral characterizatibsmme compounds, unless a significant amount of
the corresponding free aldehyde is present in godutions.

Upon heating in solution @Els, 90-120 °C), the adducts of eq 6 transform in® ¢hrresponding
carbene2. No intermediate species could be identified thromonitoring the reactions by NMR, only
the adduct8 and the final carbenésbeing observed throughout the process. Thus, #ehamism of

the coupling reactions was investigated by DFT (sdew).

The case of 2-pyridinecarboxaldehyde
The reaction ofl with 2-pyridinecarboxaldehyde provides quite difat results to those described so

far. At 60 °C, it results in the formation of tNeadduct4 (eq 7).

o]
N
E S H E
| .
= / —
[ir] > [irf]
‘ g CeHe 60°C H | — £
E N, E
H,0 o] 7
1 |

~ (7)

Compound4 is characterized in th#d NMR spectrum by the chemical shift of the aldébyd atom
at 6.88 ppm. This value is clearly shifted to ahleigfield with respect to th@-adducts described above,
thus indicating that this functionality id is in a different chemical environment. The NOESY
experiment reveals an interaction between thisdfadand two of the pyrazolyl methyl groups, thereby

supporting tha#4 is adopting the rotameric structure shown in edUrthermore, we have already
12



noticed that protons placed between two pyrazaiyisaof the T ligand experience considerable
shielding due to the electronic ring currents @f tleterocycles.

The bonding of the 2-pyridinecarboxaldehyde ligamd4 was ascertained by single crystal X-ray
diffraction studies. In Figure 5, the moleculausture of this complex is represented, and thectsde
bond distances and angles collected are very simildnose observed in previously reported"F(Il)
adductd® of 2-substituted pyridines. The iridacyclopentagi@init is aimost planar, with a bite angle of
78.92(12)°, and the 4C bond lengths are 2.021(3) and 2.030(3) A, as @gefor Ir(lll)-bound sp
carbon atoms. Due to the lowteans influence of the pyridine, the-¢N(pyrazolyl) bondirans to it is

shorter (2.066(2) A) than the other two (2.132¢®) 8.162(3) A).

Figure 5. X-ray structure of compoudd50% displacement ellipsoids, H atoms except thetdtin on
C(26) omitted for clarity). Selected bond length§) (and angles (deg): Ir(®C(10) 2.021(3),
Ir(1)—C(1) 2.030(3), C(A-C(10) 1.366(4), C(B-C(4) 1.364(4), Ir(13-N(1) 2.105(3), Ir(13N(2)

2.066(2), If(1)=N(4) 2.132(2), Ir(1}-N(6) 2.162(3); C(1)-Ir(1)—C(10) 78.92(12).

Two transient "intermediate" aldehyd@adducts, specie® andE characterized by ArC(=0)fH
NMR signals at 10.41 and 10.22 ppm respectivedyq.92 ppm for the free ligand), are formed on route
to 4 (Scheme 5). These were observed when the readtioonaplex 1 and 2-pyridinecarboxaldehyde

13



was monitored in CELI, at 25 °C, under pseudo first-order conditions. flis€ O-adduct to appear was
D, having a structure related to compou3dmd thereafter: and the final product began to appear,
long before the starting materiblwas completely consumed. Although no quantitativetic analysis
has been carried out, qualitative observationsnaaecord with the transformations shown in Schéme
with k; >k, andks, ks being slightly larger thak, (or k, being slightly larger thak; if the formation of

4 is strictly intermolecular.e. throughks).

k3 (inter)

\ 0 N E
H E AN
Scheme 5. The reaction products observed in thetioea of 1 with 5 equiv. of 2-

pyridinecarboxaldehyde (GBI, 25 °C).

The structure proposed f&r is based on the high field shifts of the protohshe pyridyl residue in
the 'H NMR spectrum. ClearlyD andE can not interconveria a simple rotation around the—hO
bond and therefore this process has to take ptaeemolecularlyj.e. by extrusion and addition of the
aldehyde ligand. As no species relatedEtcare observed in any other case, we propose tlat th
stabilization of this structure for this particu@dehyde may be due to a favouratsstacking of the

pyridyl and pyrazolyl aromatic rings.
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An interesting type of behaviour was observedihNMR spectroscopy just aftdrand excess of 2-
pyridinecarboxaldehyde were mixed, at 25 °C in,CIR and before any species of Scheme 5 began to
appear. The Tf§? resonances df, while maintaining the 2:1 symmetry, were replabgaew ones, but
no additional aldehydic or pyridyl signals appead@ddue time and as commented above, the system
evolved as shown in Scheme 5. As this phenomenpalysrestricted to this particular aldehyde, and
because a similar behaviour occurs whereacts with pyridinei.e. before formation of thé&l-adduct
Tp"*Ar[C(CO,Me)=C(COMe)C(COMe)=C(COMe)](NCsHs) 1-(NCsHs)** is observed, we conclude
that both pyridine substrates interact witHorming corresponding labile second-sphere coatehn
species (so-called loosely comple¥gswith the pyridine ring being fundamental for itHfermation.

Compound4 is a quite stable species and neither carbeneatamof the type reported in this paper
nor tautomerization of the pyridine take place gHgsolution at 120-150 °C (Scheme 6). The latter
transformation occurs when compléand other THIr(11)(R)(R')(L) species (R, R' = alkyl, aryl; L =
labile ligand) react with a variety of 2-substimitpyridines under milder conditioh$?* In fact, DFT
calculations show that the tautomerized carbema.ig kcal- mof- more stable than thHé-adduct while
the carbene of the type described in this pape&ven more stable bga. 8 kcal-mof. That these
unobserved transformations are not due to the dad¢kbility of the Ik—N bond is clearly supported by
the exchange reaction of4 that takes place with pyridine to give the adduct
Tp“e4r[C(CO,Me)=C(COMe)C(COMe)=C(COMe)](NCsHs) commented above (90 °G, = 16 h).
Interestingly, compoundl decomposes instead, insHg at 150 °C, with formation of the carbonyl
derivativel- CO depicted in Scheme 3 of the Introductica.80% NMR spectroscopic yield). Why this
particular aldehyde experiences an almost clearardenylation, not the case for other aromatic
aldehydes studied in this papee(benzaldehyde and itsNO, derivative, see above), is something that

we cannot explain so far.
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C(=O)H

Scheme 6. Structures of the carbenes expecteddoomplex4 on the basis of the results obtained in

this paper (left) and in reference 21 (right).

The formation ofO-aldehyde adducts described in eq 6 is generah forder variety of iridacycles.
Thus, we have studied their formation from the adgmcycloheptatrien&®” and eq 8 shows the result
of the reaction of this complex witp-dimethylaminobenzaldehyde. The new derivatbeeis easily
characterized by NMR; the six GRe groups of the metallacycle give rise to onlydghals (6 H each).
This shows that the molecule keeps the symmetmyeplaf the starting material after the exchange
water-aldehyde has taken place. The chemical shithe aldehyde H atom (8.16 ppm) indicates a
different chemical environment for this nucleus whwempared with compourgt (9.50 ppm), and it is
probable that the presence of the 7-membered meyale, which adopts a boat conformatidmgrces
the coordinated aldehyde to adopt the rotameridocoration shown in eq 8, in which the pyrazolyl

rings shield this proton.

E
E
E g o] E
E 7
)%\ MezN C\ [ll‘] E
[ir] E H
\ H
’ \ CgHg, 60 °C (o] E
H,O E
E = CO,Me E
E
5 6¢c
Me;,N (8)

This rotamer is also the preferred one in the ssiiadde and Figure 6 shows an ORTEP view of the
molecules of this compound, along with some setkbtend distances and angles. As can be observed,
the metallacycle features a boat structure withcdrgral C=C bond pointing towards the metal ceasre

previously observed in related speéf€dThe aldehyde ligand is coordinated to the iriditomaby the
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oxygen atom and the+O(1) bond distance is a normal one of 2.090(2) KkoAthe two k—C(s)

bond lengths exhibit values in the expected ra@g#é(4) and 2.049(4) A).

Figure 6. X-ray structure of compou6d (50% displacement ellipsoids, H atoms except thadth on
C(16) omitted for clarity). Selected bond lengthd) (and angles (deg): Ir(AN(1) 2.036(3),
Ir(1)—N(5) 2.128(3), Ir(1}-N(3) 2.133(3), Ir(1}-C(30) 2.044(4), Ir(1)-C(25) 2.049(4), Ir(1)-O(1)
2.090(2); C(30)-Ir(1)—C(25) 90.69(16), C(36}Ir(1)—O(1) 91.29(13), C(25)Ir(1)—O(1)

94.91(13).

Another O-adduct6g, is formed upon the reaction of compl&xand 2-pyrrolcarboxaldehyde (eq 9).
NMR data once more support the solution structeq@aded in eq 9 and it has also been confirmed in
the solid state by an X-ray structure determinatiigure 7 shows an ORTEP representation of the
molecule, along with some selected bond distanodsaagles. Because of the similarity of complexes
6¢ and 6g, no further discussion is required, although thespnce of a hydrogen bond between the

pyrrol NH group and one of the GKe oxygen atoms, O(8), can be of some interest.
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(9)

Figure 7. X-ray structure of compousd (50% displacement ellipsoids, H atoms except thadths on
C(1) and N(1) omitted for clarity). Selected boemdths (A) and angles (deg): IHEN(2) 2.120(2),
Ir(1)—N(4) 2.136(2), Ir(1}-N(6) 2.036(2), Ir(13-C(6) 2.029(3), Ir(1}-C(21) 2.041(3), Ir(1)-O(1)
2.0824(19); C(6)-C(9) 1.366(4), C(9-C(12) 1.486(4), C(12}-C(15) 1.340(4), C(15)}C(18)
1.482(4), C(18)-C(21) 1.349(4); C(6)Ir(1)—C(21) 90.21(10), O(B-Ir(1)—C(6) 91.65(9),

O(1)—Ir(1)—C(21) 93.58(9).

Finally and not unexpectedly in view of the struetiof compound6c and6g, these compounds do
not transfer the aldehydic H atom to fBearbon of the metallacycle even when heated at°C2for

prolonged periods of time. Note that in the caseadducts3, the aldehydic H atom always points
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towards the metallacycle, and this probably faat#is the transfer to one of the double bonds;arcéise
of compound$c and6g, these H atoms are located far from the metallaaed the required rotameric

conformation is probably too crowded to be accéssib

DFT calculated mechanism for the formation of bicytic Fisher carbenes.

In a recent paper on the reactivity of completowards aliphatic aldehyd&swe proposed a DFT-
based mechanism for the observed decarbonylationsyhich aldehyde &-H activation with H
migration to an-carbon of the iridacycle, followed by H back-migoa onto the alkyl fragment of the
resulting acyl ligand were the key steps in thectiea (Scheme 3). In this paper we report a related
study to justify why in this case aliphatic aldebgdield the bicyclic carbene complexisstead of the
expected decarbonylation product. This study usegdldehyde and a metallic model systems, in which
the CQMe fragments of the iridacycle unit @fwere replaced by hydrogen atoms. QM:MM methods
(ONIOM) were used to model the %55 ligand with the methyl fragments calculated at tivaecular
mechanics (Uff) level and the rest of the moleatléhe QM level. Figure 8 shows the potential eperg
profiles for the formation of bicyclic carbenes atite unobserved decarbonylation reaction. Both
reactions start by water substitutionlino yield the benzaldehyd@-adduct3c, which has been chosen
as the potential energy origin. The calculationdigate that this step is endoergic by less than 1.5
kcal-mol® in the gas phase, which is consistent with théaimm of theO-adducts3. The next step,
C—H activation of benzaldehyde by the metallic fragmeequires formation of an unstalbdeH
complex F¢), and the overall barrier for-EH activation from3c amounts 32.0 kcal- nidl When the
less sterically demanding Tp ligand was used inctileulations instead of 17 the only significant
difference in the energy profile was the energyibafor this step, which now is lower at 27.4 kcabl
! This step gives an acyl intermedia@&-] which can either undergo decarbonylation e+@ coupling
to form the bicyclic carbene. In the first caseyatk migration from the iridacycle onto thgHg moiety
of the acyl ligand has a high energy barrier (ioess of 40 kcal-md). The second pathway requires

rotation of the acyl ligand about the-4C bond to place the O atom of the aldehyde pointirgards
19



the metallacycle ring. This rotation has a modelkseier of 10.8 kcal-mdl from G¢ to give the
corresponding rotamé®’ ¢, which is more stable than the former by 3.6 koal*. The last step in this
pathway, G—O coupling to give the bicyclic carbefg is almost barrier-less and the overall reaction is
exothermic by 10.8 kcal-mibl As already discussed the resulting spe€iess the product of theyn H
addition, while theanti stereocisomer<] are isolated. Full QM calculations on the reateyn show that
formation of 2a vs. the correspondingyn stereoisomer is thermodynamically favorable day 7
kcal-mot*.

The results of this study suggest that formatiorthef bicyclic carbenes is kinetically preferred to
decarbonylation. Despite the former is reversibiie, latter may be prevented in the case of aromatic
aldehydes by the high energy barrier required fdoadk migration from the metallacycle to the aryl
moiety of the acyl intermediate&¢).

It should be said that in our previous wrthe calculated barrier for decarbonylation of alckthyde
was almost identical to the reported here for bleleteyde, while in the case of aliphatic aldehydes t
expected decarbonylation reactions were observiedor€tical results at this level of theory (andhwit
the use of model molecules) can be expected toitginely agree with experimental results, and
although in this case we cannot justify the absewsfcelecarbonylation in reactions with aromatic
aldehydes, a few kcal- mbHifference in the overall experimental energy ieasrwould be enough to

explain the different reactivity.
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Figure 8. Calculated potential energy profilestfoe formation of the bicyclic Fischer carbebdred
solid line) and the decarbonylation of benzaldehfdlee dotted line). The inset shows the calculated
transition state for benzaldehyde-E activation (C and H atoms of the ™% ligand have been omitted

for clarity).

CONCLUDING REMARKS

Three different iridacyclopentadienes, 1(CsH4) and 1(H), react with aromatic aldehydes forming
initially, at 25-60 °C, th&®-adducts3, which under more forcing conditions (90-120 °@nsform into
the bicyclic Fischer carben&s These findings strongly contrast with the reatiof1 with aliphatic
aldehydes which, at 120 °C and throu@adduct intermediates, lead to the Ir-carbonyl atduCO
and the corresponding alkane. In the latter caskicyelic Fischer carbenes have been observed while

no similar decarbonylation process takes place fthe aromatic cases. Surprisingly, 2-

21



pyridinecarboxaldehyde behaves quite differentbrming a very stabléN-adduct which eventually

yields the carbonyl derivative of Sche®eander forcing conditions (150 °C).

EXPERIMENTAL SECTION

General considerations All the manipulations were carried out under reri atmosphere, following
Schlenk techniques. The solvents employed weral drédore use. The elemental analyses of the new
compounds were carried out at the MicroanalytiGalBe of the Instituto de Investigaciones Quimicas
(Sevilla) (Perkin Elmer Serie Il CHNS/O 2400). IRestra were recorded at Perkin-Elmer system 2000
FT-IR (KBr). NMR instruments were Bruker modes DBBO, DRX-400 and DRX-500'H and**C
resonances were referenced with respect to SiMeng the residual protio solvent peaks as interna
standard H NMR) and the characteristic resonances of theesof*C nuclei *C NMR). Most of'H
and °C assignments were based in mono and bidimensiexgeriments ‘fC{‘H}-gated, COSY,
NOESY,'H -*C HMQC and HMBC). For a series of very similar caapds, only some of them were
analyzed or investigated by NMR in full. Compouridsl(CgH,4), 1(H), and5 were prepared by the
procedures described in the literature.

Synthesis of the benzaldehyde derivative 2a0 a stirred suspension of compouh(.100 g, 0.126
mmol) in GHg (3 mL), freshly destilled benzaldehyde (38140.37 mmol) was added and the mixture
was stirred for 12 h at 120 °C. After this periddime, the solvent was evaporated under vacuotlaad
residue was subjected to column chromatographicdsdel) with a mixture of diethyl ether:hexane
(10:90) as eluent. Yield: 0.08 ga. 70% vyield. From a diethyl ether solution of tkislid, a yellow

crystalline sample of analytical purity was obtairy cooling at -20 °C.

Me,,
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'H NMR (CDCk 25 °C):58 (ppm) 8.30 (d, 1 HJ4.1= 8.0 Hz, Hg), 7.52 (t, 1 H3Jy.4= 7.3 Hz, Hy),
7.26 (t, 1 H3Jy.y= 7.7 Hz, Hz), 6.93 (d, 1 H3J4 = 7.9 Hz, Hy), 6.84 (t, 1 H3Jyy = 7.7 Hz, Ho),
5.84, 5.64, 5.59 (s, 1 H each, £515.24 (s, 1 H, ), 3.95, 3.66, 3.24, 3.22 (s, the first broad, 8ddh,
CO:Me), 2.48, 2.44, 2.43, 2.41, 1.35, 0.95 (s, 3 Hheats,,). “*C{*H} NMR (CDCls, 25°C): & (ppm)
252.3 (G), 180.9, 172.8, 166.5, 162.€Q,Me), 154.6, 152.1, 150.5, 144.3, 143.4, 143.3,4C144.0
(C10), 136.1 (G1), 134.0 (Ga), 128.7 (Gy), 128.1 (G4), 125.2 (Gs), 108.4, 106.9, 106.3 (G, 107.6
(Cs), 52.4, 51.5, 50.6, 50.3 (the first broad, #£18), 33.6 (G, YJc.= 138 Hz), 15.67, 15.2, 14.7, 12.9,
12.7, 12.6 (Mgy). C; and G are too weak to be located. Anal. Calcd. fgiHzoBNgOolr: C, 46.42, H,
458, N, 9.55. Found: C, 46.42, H, 4.88, N, 9.43.(KBr) v (cm?y): (Me) 2951, 2924, (BH) 2531,
(COMe) 1711.

Synthesis of carbene 2bFollowing the above procedure but employing ddetayde, compounéb

was obtaineas a yellow solid ica. 70% vyield.

/: 4 —-E
Me,, [Ilrll { s /\1 noe
K_' 11 c9\cE) E E= COzMe

'H NMR (CDCE 25 °C):3 (ppm) 8.30 (dd, 1 HJy.n = 8.9,J4.n = 2.3 Hz, CHs), 6.84 (dd 33y =
8.9,Ju.n= 2.3 Hz, CHy), 6.73 (dd, 1 H3Jy1i= 8.9,Ju1= 2.7 Hz, CHy), 6.33 (dd, 1 H3Jhni= 8.9,dhn
= 2.7 Hz, CH)), 5.83, 5.62, 5.60 (s, 1 H each, £5.17 (s, 1 H, k), 3.95, 3.66, 3.25, 3.23 (s, the first
broad, 3 H each, G®e), 3.75 (s, 3 H, OMe), 2.48, 2.44, 2.42, 2.4B51.1.04 (s, 3 H each, Mg
13c{*H} NMR (CDCls, 25°C): 5 (ppm) 248.2 (@), 181.2, 173.2, 170.5, 162.GQ,Me), 164.5 (Gy),
154.5, 152.5, 150.5, 144.1, 143.3, 143.3,{C138.8 (Gy), 137.7 (Go), 127.9 (Gs), 113.4 (Gy), 113.0
(C14), 108.3, 106.8, 106.2 (GB, 107.2 (G), 55.3 (OMe), 52.4, 51.7, 50.6, 50.4 (the firsodt,

CO:Me), 33.2 (G, Jcns = 137 Hz), 15.8, 15.4, 14.5, 13.1, 12.8, 12.8 ()& and G are too weak to
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be located. Anal. Calcd. fors§H42BNgO1olr: C, 46.20, H, 4.65, N, 9.24. Foun@; 46.22, H, 4.43, N,
9.11. IR (KBr)v (cmi?): (Me) 2953, 2850, (BH) 2530, (GBle) 1712,
Synthesis of carbene 2c. Following the above procedure but employing-

dimethylaminobenzaldehyde, compoutwvas obtaineds a yellow solid irca. 55% yield.

Mepz
E
3H, E
Me,, [Ilrll { 5 m noe
\4 1 c9 E E E =CO,Me
% O

13
Me,N” 14

'H NMR (CDCE 25 °C):3 (ppm) 8.24 (dd, 1 HJy.q= 9.1,J4.4 = 2.2 Hz, CHs), 6.65 (dd, 1 H3J4n
= 9.1,J4.4= 2.2 Hz, CH,), 6.41 (dd, 1 H3Jyy= 9.1,d4.s = 2.2 Hz, CHy), 6.01 (dd, 1 H3Jy.4=9.1,J
H= 2.2 Hz, CHy), 5.81, 5.60, 5.59 (s, 1 H each £K5.08 (s, 1 H, K, 3.76, 3.64, 3.25, 3.22 (s, the
first broad, 3 H each, G®e), 2.93 (s, 6 H, NMg, 2.46, 2.42, 2.39, 1.38, 1.16 (s, 1:1:2:1:1, 18 H
Me,,).2*C{*H} NMR (CDCls, 25°C): & (ppm) 242.7 (G), 182.0, 174.0, 162.60,Me), 154.7, 152.6,
151.3, 144.2, 143.4, 143.2 4£), 154.5 (Gs), 139.5 (Gy), 133.2 (Go), 128.6 (Gs), 110.5 (Gy), 110.0
(C14), 108.6, 107.1, 106.5 (Gh), 108.2 (G), 52.7, 51.9, 50.9, 50.7 (the first broad, M8), 40.3
(NMe,), 33.2 (G, \c. = 137 Hz), 16.2, 15.9, 14.7, 13.5, 13.2, 13.2 fMeC; and G and one of the
CO,Me are too weak to be located. IR (KBrfcm™): (Me) 2923, 2853, (BH) 2527, (GBle) 1720.

Synthesis of carbene 2d.This derivative can be prepared following the sgmeeedure than for the

previous carbenes, but employipanitrobenzaldehyde.

/ =
Me,, [I|rl] { 5 m noe
‘\_' 1 c 9\ g E E =CO,Me
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'H NMR (CDCk 25 °C):5 (ppm) 8.46 (d, 1 H3J,.y= 8.0 Hz, Hsg), 8.11 (d, 1 H3J4.y= 8.0 Hz, Hy),
7.71(d, 1 H234= 8.0 Hz, Hy), 7.12 (d, 1 H3Jsxi= 8.0 Hz, H1), 5.87, 5.69, 5.62 (s, 1 H each, GH
5.38 (s, 1 H, K, 3.97, 3.68, 3.26, 3.24 (s, the first broad, &ath, CQMVe), 2.49, 2.46, 2.45, 2.44,
1.34, 0.91 (s, 3 H each, Mp **C{*H} NMR (CDCls, 25°C): 5 (ppm) 251.3 (@), 180.7, 172.5, 170.6,
161.7 (CQMe), 154.8, 151.7, 149.9, 144.8, 144.0, 143.8,4C147.7 (Go), 136.2 (Gy), 126.1 (Gs),
123.4 (G4), 123.0 (G»), 108.7, 107.2, 106.7 (Gh), 106.8 (), 52.6, 51.8, 50.8, 50.6 (the first broad,
COMe), 34.0 (G), 15.8, 15.4, 14.8, 13.1, 12.9, 12.7 MeC; and G are too weak to be located.

Synthesis of carbene 2€lhis derivative can be prepared following the sgreeedure than for the
previous carbenes, but employing 5-methyl-2-thio@oarboxaldehyde2e was isolated as an orange

solid inca. 75% vyield. In this case, the eluent was a mixairgiethyl ether:hexane (50:50).

'H NMR (CDCk 25 °C):d (ppm) 6.47 (d, 1 H3J4.n = 3.9 Hz, CHy), 6.42 (d, 1 H3Jy.n = 3.9 Hz,
CHip), 5.84, 5.64, 5.62 (s, 1 H each, GH5.17 (s, 1 H, B, 3.94, 3.66, 3.28, 3.25 (s, the first broad, 3
H each, CGMe), 2.47, 2.44, 2.41, 2.40, 1.39, 1.24 (s, 3 Hhedts,,), 2.32 (s, 3 H, Mg). *C{*H}
NMR (CDCl, 25°C): & (ppm)235.7 (G), 181.3, 173.5, 169.7, 161.8Q,Me), 154.5, 151.9, 150.5,
143.9, 143.2, 143.2 (), 152.8 (Ga), 145.7 (Go), 143.3 (Gy), 143.2 (), 128.1 (G,), 108.3, 106.9,
106.4 (CH,, 107.2 (G), 52.4, 51.5, 50.6, 50.4 (the first broad, @), 33.3 (G), 16.2 (Ma,), 15.7,
15.8, 14.2, 13.0, 12.8, 12.6 (Me C: and G are too weak to be located. Anal. Calcd. for
CasHaoBIrNgOoS: C, 44.05, H, 4.48, N, 9.34, S, 3.56. Found: €13, H, 4.68, N, 9.22, S, 3.52. IR

(KBr) v (cmiY): (Me) 2947, (BH) 2532, (CMe) 1726, 1711.
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Synthesis of carbene 2fThe procedure described f@a, but using 2-thiophenecarboxaldehyde,
produced compoundf as an orange solid ima. 45% vyield. The solvent used for column

chromatography was diethyl ether:hexane (50:50).

Me,,
E
Me, / H\ E
Pz [I"l] 4 Y N noe
k s C\E E E = CO,Me
— (o)

'H NMR (CDCk 25 °C):3 (ppm) 7.75 (d, 1 H3Ju.n = 4.3 Hz, H), 6.71 (t, 1 H3J4py = 4.3 Hz, H),
6.66 (d, 1 H3Jy.1 = 4.3 Hz, H), 5.84, 5.64, 5.62, (s, 1 H each, &H5.21 (s, 1 H, &), 3.93, 3.66, 3.27,
3.24 (s, the first broad, 3 H each, 8d2), 2.47, 2.43, 2.41, 2.40, 1.35, 1.22 (s, 3 Hhebts,),).

Synthesis of carbene 2(gHs)b. Following the procedure described f@b but starting from
metallacyclel(CsHy) (0.100 g, 0.12 mmol) in gl1> (3 mL) and anisaldehyde (4348 0.36 mmol), the
title compound could be obtained, as a yellow natefter column chromatography on silica gel using

a 50:50 mixture of diethyl ether:hexane as eluafield: ca. 75%.

'H NMR (CDCk 25 °C):d (ppm) 8.17 (dd, 1 HJy.q = 8.8,Ju.n = 2.3 Hz, H3), 7.09 (d, 1 H3Jh =
7.3, H), 6.98 (dd, 1 H3Jy.q= 8.8,J4.1= 2.2 Hz, HY), 6.91 (td, 1 H3J4= 7.2,du.4= 1.5 Hz, H), 6.75
(td, 1 H,334.n=7.3,d4.4= 1.3 Hz, H), 6.71 (dd, 1 H3Jy.y= 7.3,du.n= 1.3 Hz, H), 6.66 (dd, 1 H3J,.4
= 8.8,J4.1 = 2.6 Hz, Hz), 6.34 (dd, 1 H3J,.h = 8.8,Ju.n = 2.6 Hz, He), 5.72, 5.69, 5.64 (s, 1 H each,
CHyy), 4.99 (s, 1 H, |, 4.04 (s, 3 H, CeMe), 3.71 (s, 3 H, OMe), 3.28 (s, 3 H, k), 2.48, 2.47,

2.45, 1.54, 1.46, 0.78 (s, 3 H each, Me"*C{*H} NMR (CDCls, 25°C): & (ppm) 247.4 (), 182.5,
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170.8 CO.Me), 163.7 (Gs), 152.6, 151.9, 149.8, 143.9, 143.2, 143.2,C146.9 (G), 141.3 (G),
138.6 (G7), 138.3 (G,), 136.2 (G), 126.8 (G3), 125.8 (G), 122.0 (G), 120.0 (G), 113.3 (Ge), 112.8
(Cis), 108.3, 106.6, 106.6 (GH), 106.8 (G), 55.2 (OMe), 52.2, 50.3 (G®le), 33.0 (G), 14.7, 14.2,
13.8, 13.1, 12.8, 12.7 (Mg. Anal. Calcd. for GsH4BNeOslr: C, 46.20, H, 4.65, N, 9.24. Found: C,
49.82, H, 4.89, N, 10.03. IR (KBv) (cm}): (Me) 2923, (BH) 2526, (C§Me) 1705.

Synthesis of carbene 2(H)cFollowing the procedure described for carb@age but starting from
1(H), the title compound was isolated oa. 60% vyield, by washing the residue obtained after

evaporation of the solvent with a cold mixture {lofdiethyl ether:hexane.

Me,,
E
/§H4 E
=7
Me,, [“ . N noe
E =
\411 Cg\o H E = CO,Me
. 10

13 15

Me,N~ 14

'H NMR (CDCk 25 °C):d (ppm) 8.01 (dd, 1 HJy.n= 9.1,J41 = 2.2 Hz, Hs), 6.61 (dd, 1 H3J4p =
9.1,J4n= 2.2 Hz, Hy), 6.59 (s, 1 H, ), 6.40 (dd, 1 H3Jy= 9.1,d4n = 2.2 Hz, Ha), 6.00 (dd, 1 H,
3= 9.1,%044 = 2.2 Hz, Hy), 5.80, 5.61, 5.60 (s, 1 H each, GH4.58 (s, 1 H, k), 3.72, 3.34, 3.28
(s, 1 H each, CiMe), 2.98 (s, 6 H, NMg, 2.42, 2.41, 2.40, 2.39, 1.39, 1.17 (s, 3 H edtd,,).
13c{*H} NMR (CDCls, 25°C): & (ppm) 246.2 (G), 182.8, 174.6, 162.4 (GBe), 166.0 (G or Cy),
154.1, 152.1, 151.1, 143.7, 142.9, 142.9.C153.7 (Gs), 138.8 (Gy), 137.7 (G or Gy), 132.9 (G),
127.1 (Gs), 110.0 (G,), 109.5 (Hs), 108.1, 106.6, 106.0 (Gh), 98.9 (G, “Jc.n= 160 Hz), 51.3, 50.6,
50.3 (CQMe), 39.8 (NMe), 28.6 (G, “Jc.y= 134 Hz), 15.9, 15.7, 14.1, 13.1, 12.9, 12.8 {Me

Synthesis of adduct 3aCompoundl (0.100 g, 0.126 mmol) was dissolved in dichlordmaee (3
mL) and benzaldehyde (1216, 0.13 mmol) was added. The mixture was stirredéfd at 60 °C, the
solvent was eliminated under vacuo, and the resihgewashed twice with cold (0 °C) hexane to yield
the title compound, as a red solid,ce 90% vyield. Due to the reversible formationloi the presence

of adventitious water, this and other of the adslgould not be completely purified.
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H NMR (CDCk 25 °C):3 (ppm) 10.22 (s, 1 H, C(O)H), 7.86 (d, 28.u= 7.5 Hz, B, Hg), 7.68 (t,
1 H,%n=7.5Hz, H), 7.43 (d, 2 H3Jyy = 7.5 Hz, H, Hs), 5.73, 5.56 (s, 2:1, 3 H, Gh), 3.78, 3.34
(s, 6 H each, C@Me), 2.42, 2.39, 2.09, 1.71 (s, 1:2:1:2,18 H,,M€e>C{*H} NMR (CDCls, 25°C): &
(ppm) 205.3 (C(O)H), 173.3, 166.9 (1:00,Me), 156.0, 150.3, 143.6, 143.5 (1:2:2:14,8; 150.4,
143.4 (1:1,CCOMe), 136.9 (G), 134.1 (G), 131.6 (G, Cs), 129.5 (G, Cs), 108.0, 106.7 (2:1, GH),
51.8, 50.8 (1:1, C&Me), 13.4, 13.3, 12.9, 12.5 (2:1:1:2, Me

Synthesis of complex 3bTo a solution of compleg (0.100 g, 0.126 mmol) in Gi&l, (3 mL), p-
anisaldehyde was added (g6 0.37 mmol). The mixture was stirred at 60 °C o, the solvent was
evaporated under vacuo, and the remaining residigepurified by silica gel column chromatography
(hexane:diethyl ether, 20:80). The analytical sampas crystallized from diethyl ether, at -20 °€, a

orange crystals (0.069 cg. 60% yield).

'H NMR (CDCk 25 °C):3 (ppm) 9.92 (s, 1 H, C(O)H), 7.82 (d, 2 H,.4= 8.4 Hz, H, He), 6.89 (d,
2 H,%Jn=8.7 Hz, K, Hs), 5.55, 5.72 (s, 2:1, 3 H, Gh), 3.80 (s, 3 H, OMe), 3.77, 3.34 (s, 6 H each,
COMe), 2.41, 2.39, 2.08, 1.72 (s, 1:2:1:2, 18 H,,)e*C{*H} NMR (CDCls, 25°C): & (ppm)201.6
(C(O)H), 173.5, 166.9 (1:15O;Me), 166.8 (G), 155.9, 150.5, 143.5, 143.4 (1:2:2:1,4; 158.0, 150.1
(1:1, CCO:Me), 135.4 (G,Ce), 127.6 (G), 115.0 (G, Cs5) 108.1, 106.7 (2:1, CH), 55.9 (OMe), 51.7,
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50.8 (1:1, CQMe), 13.4, 13.4, 12.9, 12.6 (2:1:1:2, Me Anal. Calcd. for GsH4:BNeO1dlr: C, 46.20, H,
4.65, N, 9.24. Found: C, 46.20, H, 4.66, N, QMR (KBr) v (cm®): (Me) 2942, (BH) 2529, (CD/e)
1733, 1717, 1706.

Synthesis of adduct 3c. Following the procedure wused for3b but wusing p-
dimethylaminobenzaldehyde, a crude material waaiodd, which, after being washed with cold diethyl

ether, yielde®c as a red solid iga. 70% vyield.

Me,N

'H NMR (CDCk 25 °C):3 (ppm) 9.50 (s, 1 H, C(O)H), 7.65 (d, 2 H,.4= 8.7 Hz, B, He), 6.55 (d,
2 H, 3= 8.7 Hz, H, Hs), 5.70, 5.53 (s, 2:1, 3 H, GH), 3.77, 3.34 (s, 6 H each, @®e), 3.07 (s, 6
H, NMey), 2.40, 2.38, 2.07, 1.76 (s, 1:2:1:2, 18 H,)é*C{*H} NMR (CDCls, 25°C): & (ppm) 197.2
(C(O)H), 173.6, 166.9 (1:1LO,Me), 155.7 (G), 157.9, 155.6, 150.4, 149.7 (1:2:2:1,4; 150.4, 143.1
(1.1, CCOMe), 142.9 (G, Gs), 122.4 (G), 111.0 (G, Gs), 107.8, 106.4 (2:1, CH), 51.5, 50.5 (1:1,
COMe), 40.0 (NMe), 13.3, 13.2, 12.6, 12.4 (2:1:1:2, pJe Anal. Calcd. for GeHasBIrN;Og: C, 46.80,
H, 4.92, N, 10.62. Found: C, 46.80, H, 4.73, NBTOIR (KBr) v (cm): (CHs) 2922, 2853, (BH) 2529,
(CO.Me) 1705.

Synthesis of adduct 3d This compound was prepared following the procedigscribed above for
3a, usingp-nitrobenzaldehyde. Spectroscopic characterizatias carried out in the presence of excess

free aldehyde in order to prevent the displacerottite aldehyde by adventitious water.
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'H NMR (CDCk 25 °C):8 (ppm) 10.62 (s, 1 H, C(O)H), 8.26 (d, 2%k = 8.0 Hz, H, Hs), 8.09 (d,
2 H,%Jun = 8.0 Hz, H, He), 5.75, 5.59 (s, 2:1, 3 H, GB, 3.78, 3.33 (s, 6 H each, @@e), 2.43, 2.40,
2.09, 1.66 (s, 1:2:1:2, 18 H, Mg *C{*H} NMR (CDCl3, 25°C): 5 (ppm) 205.1 (C(O)H), 172.9, 166.0
(1:1, CO,Me), 158.5, 150.4GCO,Me), 155.9, 150.2, 143.7, 143.7 (1:2:2:1od; 151.6 (G), 137.5
(C1), 131.8 (G, Co), 124.7 (G, Cs), 108.3, 106.8 (1:2, Ci), 51.8, 50.8 (1:1, CfMe), 13.2, 12.8, 12.4
(3:1:2, Mgy).

Synthesis of adduct 3e Following the procedure described &b, but using 5-methyl-2-
thiophenecarboxaldehyde, the title product wasiobthas a red solid, from a cold (-15 °C)(&t

solution.

E= COzMe

1\8

H NMR (CDCE 25 °C):8 (ppm) 9.85 (s, 1 H, C(O)H), 7.88 (d, 1 ¥,.u= 4.1 Hz, H), 6.88 (d, 1 H,
®Jun = 4.1 Hz, H), 5.70, 5.52 (s, 2:1, 3 H, Gh, 3.75, 3.33 (s, 6 H each, @@e), 2.45, 2.39, 2.06,
1.78 (s, 1:2:1:2, 18 H, M@, 2.26 (s, 3 H, Mg).

Synthesis of adduct 3f Following the procedure described faBb, but adding 2-

thiophenecarboxaldehydgf was obtained as a red solidcen 85% yield.
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Mepz

H NMR (CDCk 25 °C):8 (ppm) 10.11 (s, 1 H, C(O)H), 8.09 (d, 1 Hy.n= 4.1 Hz, H), 7.98 (d, 1
H, ®Jqn= 4.3 Hz, H), 7.22 (t, 1 H3Jy 4= 4.3 Hz, H), 5.75,5.57 (s, 2:1, 3 H, G}, 3.79, 3.36 (s, 6 H
each, CGMe), 2.43, 2.40, 2.10, 1.81 (s, 1:2:1:2, 18 H,,)e3C{*H} NMR (CDCls, 25°C): & (ppm)
194.2 (C(O)H), 173.5, 166.9 (1:CO,Me), 158.4, 150.7 (1:1CCOMe), 156.0, 150.2, 143.6, 143.5
(1:2:2:1, Gpy), 141.4 (G), 140.9 (G), 140.8 (G), 129.7 (), 108.3, 106.8 (1:2, Ch), 51.9, 50.9 (1:1,
CO:Me), 13.3, 13.2, 12.6, 12.4 (2:1:1:2, ple Anal. Calcd. for GHzeBIrNgOoS: C, 43.39, H, 4.32, N,
9.49, S, 3.62. FoundZ, 43.46, H, 4.66, N, 9.41, S, 3.8. IR (KBr)cm?): (Me) 2946, (BH) 2523,
(CO,Me) 1700.

Synthesis of adduct 3(6H4)b. Metallacycle1l(CsH,) (0.100 g, 0.12 mmol) was dissolved in £Hp
(3 mL) and anisaldehyde (43.8, 0.36 mmol) was added. The mixture was stirred2ftn at 60 °C, the
solvent evaporated under vacuo, and the residyectatl to column chromatography in silica gel, gsin

a mixture EtO:hexane (70:30) as the eluent. The title compouasl isolated as a red solidda. 60%

yield.
Me,,
8
7, 9
11 10
[ir] 13}12
7
Me,,, H E = CO,Me
N
3 6
475

MeO
'H NMR (CDCk 25 °C):d (ppm) 9.90 (s, 1 H, C(O)H), 7.67 (d, 2 H,;.1= 8.9 Hz, B, He), 7.43 (d,

1 H,3J4.1= 7.6 Hz, Ho), 7.08 (d, 1 H3Jy.y= 7.6 Hz, H), 6.89 (t, 1 H3J4.u= 7.6 Hz, H), 6.81 (d, 1 H,
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3Jun= 8.6 Hz, H, Hs), 6.64 (t, 1 H2Jyy= 7.2 Hz, H), 5.81, 5.75, 5.45 (s, 1 H each, GH3.35, 3.83
(s, 3 H each, C®/e), 3.82 (s, 3 H, OMe), 2.43, 2.42, 2.40, 1.7751.1.37 (s, 3 H each, Mg
13c{*H} NMR (CDCls, 25°C): 5 (ppm)201.0 (C(O)H), 174.6, 167.€0,Me), 166.3 (G), 155.8 (Gy),
155.0, 150.7, 150.0, 143.4, 143.4, 143.2,)C154.0, 150.7 (G, Cia), 147.4 (Gy), 137.6 (G), 134.0
(C2,Ce), 128.0 (G), 123.8 (Gy), 123.4 (G), 122.7 (G), 114.9 (G, Cs), 108.0, 107.2, 106.4 (G, 55.9
(OMe), 51.6, 50.7 (CeMe), 14.2, 13.4, 13.0, 12.6, 12.5 (1:1:1:2:1, Me Anal. Calcd. for
CasHaoBNgOglr: C, 49.82, H, 4.78, N, 9.96. Four@; 49.82, H, 4.71, N, 10.25. IR (KBv)(cm™): (Me)
2919, 2850, (BH) 2522, (G®le) 1711, 1687.

Synthesis of adduct 3(gH4)c. Following the procedure used for compoB{€sH )b, but usingp-

dimethylaminobenzaldehyde, compow{(€sH 4)c was obtained as a red solidcan 60% yield.

Me,,
8
7 9
11
- 10
Ir]
M\ st
E
o E m noe
Me,, H E = CO,Me
&’2 1
3 6
45
MezN

'H NMR (CDCk 25 °C):3 (ppm) 9.48 (s, 1 H, C(O)H), 7.50 (d, 2 H.s= 8.7 Hz, H, He), 7.44 (d,
1 H,33y.n= 7.5 Hz, Hy), 7.09 (d, 1 H3Jy.u= 7.5 Hz, H), 6.88 (t, 1 H3J4.u= 7.5 Hz, K), 6.63 (t, 1 H,
3Jun= 7.5 Hz, H), 6.48 (d, 2 H3Jyn = 8.7 Hz, H, Hs), 5.80, 5.74, 5.43 (s, 1 H each, £H3.83,
3.37 (s, 3 H each, G®le), 3.27 (s, 6 H, NMg, 2.43, 2.41, 2.39, 1.81, 1.79, 1.36 (s, 3 H ebbd,).
13C{*H} NMR (CDCls, 25°C): & (ppm)197.2 (C(O)H), 174.7, 167.€0-Me), 156.0 (Gy), 155.2 (G),
154.7, 150.1, 150.0, 143.0, 142.9, 142.8,{C154.7, 149.8 (@, Ci4), 147.3 (G, 137.1 (G), 130.8,
128.7 (G, Cs), 123.3 (Go), 123.0 (G), 122.7 (G), 122.1 (G), 110.8 (G, Gs), 107.7, 106.2, 106.2
(CHp,), 51.3, 50.4 (CeMe), 40.0 (NMe), 14.1, 14.0, 13.2, 12.9, 12.4, 12.3 (MeAt 25 °C, the

rotation around the Ar—C(=O)H bond is on the slowt@nge regime on tH&C NMR time scale. Anal.
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Calcd. forCsgH43BIrN;Os: C, 50.47, H, 5.06, N, 11.44. Four@; 50.51, H, 5.29, N, 11.52. IR (KBv)
(cm): (Me) 2973, 2928, (BH) 252, (GBle) 1716, 1685.

Synthesis of adduct 3(H)cA sample of compoun8(H) (0.100 g, 0.134 mmol) was dissolved in
CH.ClI, (3 mL) andp-dimethylaminobenzaldehyde was added (0.061 g, Gw®l). The mixture was
stirred for 2 h at 60 °C, the solvent eliminatedlemvacuo and the residue extracted witsOEtAfter

cooling at -20 °C, red microcrystals of the titenpound were isolated sa. 75% yield.

MezN

H NMR (CDCk 25 °C):3 (ppm) 9.33 (s, 1 H, C(O)H), 8.04 (s, 1 H)H7.57 (d, 2 H3Jh.n= 8.7 Hz,
Ha, He), 6.53 (d, 2 H3Jun = 8.7 Hz, H, Hs), 5.71, 5.49 (s, 2:1, 3 H, Gh, 3.76, 3.42, 3.35 (s, 3 H
each, CGMe), 3.06 (s, 6 H, NMg, 2.39, 1.97, 1.83, 1.64 (s, 3:1:1:1, 18 H, Me*C{*H} NMR
(CDCls, 25°C): & (ppm)197.1 (C(O)H), 176.1, 172.4, 1648@,Me), 174.1, 145.8, 143.£COMe),
155.4 (G), 155.4, 150.8, 149.9, 143.2, 142.9, 142.64C152.6 (G, "Jc.n = 160 Hz), 122.4 (¢, 110.9
(v br, G, Cs), 107.6, 106.6, 106.0 (GH, 51.1, 50.5, 50.5 (CMe), 40.0 (NMe), 13.5, 13.3, 12.9,
12.8, 12.4, 12.4 (Mg). C; and G were not located because of their broadness. ARC25he rotation
around the Ar—C(=O)H bond is on the intermediatehenge regime on tH&C NMR time scale. Anal.
Calcd. for G4H43BIrN;O7: C, 47.22, H, 5.01, N, 11.34. Found: C, 47.265R4, N, 11.15. IR (KBry
(cm™): (Me) 2921, (BH) 2528, (CDle) 1697.

Synthesis of adduct 4Compoundl (0.100 g, 0.126 mmol) was dissolved in £ (3 mL) and 2-
pyridinecarboxaldehyde was added (870.38 mmol). After stirring for 2 h at 60 °C, tkelvent was

evaporated under vacuo and the residue washedculihdiethyl ether. Crystallization of the resudfin
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dark yellow solid from a mixture of Gi€l, and E$O, at -20 °C, yielded analytically puden ca. 90%

E
E
NS
Me, Ir
N ”g N noe
E E E = CO,Me
N
o 5/ N1
4 =5

3

yield.

'H NMR (CDCk 25 °C):5 (ppm) 9.17 (d, 1 H3J4.y = 5.9 Hz, H), 7.89 (t, 1 H3Jy.y = 7.5 Hz, H),
7.74 (d, 1 H3Jy = 7.7 Hz, H), 7.56 (t, 1 H3Jy.u= 7.2 Hz, H), 6.90 (s, 1 H, C(O)H), 5.82, 5.64 (s,
2:1, 3 H, CHy), 3.76, 3.34 (s, 6 H each, @®e), 2.51, 2.45, 2.16, 1.19 (s, 2:1:1:2, 18 H, Me
13c{*H} NMR (CDCls, 25°C): & (ppm)187.4 (C(O)H), 173.3, 167.2 (1:CO,Me), 156.5 (), 155.5,
151.8 (1:1,CCOMe), 156.1, 151.4, 146.4, 143.9 (1:2:2:1,,4 154.7 (G), 138.2 (G), 128.3 (G),
127.5 (G), 109.3, 108.2 (2:1, Gf3), 51.9, 50.9 (1:1, CMe), 13.7, 13.4, 13, 12.8 (1:1:2:2, M Anal.
Calcd. for G3H39BIrN;Oq: C, 45.00, H, 4.46, N, 11.13. Four@; 44.99, H, 4.15, N, 11.35. IR (KBv)
(cmY): (Me) 2943, (BH) 2528, (CDle) 1720, 1696.

Synthesis of adduct 6cCompound5 (0.100 g, 0.1 mmol) was dissolved in &Hb (3 mL), p-
dimethylaminobenzaldehyde was added (0.045 g, @8ljrand the mixture was stirred at 60 °C for 18
h. After this period of time, the solvent was ehailied under vacuo, and the residue extracted with

Et,O. After cooling at -20 °C, orange crystals of conpd6c were isolated irca. 85% yield.

E g

): E
~
i< e
Me \
pz (o] E
k\y H £ m noe
12 E = CO,Me
6 3
54
NMez

'H NMR (CDCk 25 °C):& (ppm) 8.16 (s, 1 H, C(O)H), 8.08, 7.12 (d, 1 Kredly.n = 8.1 Hz, H,
He), 6.73, 6.42 (d, 1 H eachlyn= 7.9 Hz, H,Hs), 5.71, 5.65 (s, 2:1, 3 H, GB), 3.65, 3.07 (s, 2:1, 18

H, CO:Me), 3.11 (s, 6 H, NMg, 2.39, 2.37, 2.18, 1.84 (s, 2:1:1:2, 18 H,,Me>C{*H} NMR (CDCls,
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25 °C): & (ppm) 199.3 (C(O)H), 176.2, 169.3, 167.1 (1:1€10,Me), 156.0 (G), 155.8, 150.9, 143.9,
143.4 (1:2:1:2, &), 152.1, 136.6, 134.4 (1:1:CCO,Me), 138.4, 132.3 (£ Cs), 123.2 (G), 112.3,
109.8 (G, Gs), 107.0, 106.8 (2:1, CH), 51.9, 51.7, 50.7 (1:1:1, GMe), 40.3 (NMe), 17.5, 13.6, 13.5,
12.7 (1:2:1:2, Mgy). Anal. Calcd. for GHs:BIrN7O13: C, 47.37, H, 4.83, N, 9.21. Fourd; 47.36, H,
4.70, N, 9.05. IR (KBry (cm®): (CHs) 2945, (BH) 2528, (CéMe) 1720.

Synthesis of adduct 6gFollowing the procedure described for compouindbut using pyrrole-2-
carboxaldehyde, a crude residue of a dark yellowerizh was obtained. The title compound was
obtained inca. 80% yield after washing this solid with cold (-45) pentane.

E
< E
)\jE

fir]

H NMR (CDCk 25 °C):3 (ppm) 11.84 (s, 1 H, NH), 8.08 (s, 1 H, C(O)HBY (s, 1 H, H), 6.84 (s,
1H,H), 6.27 (s, 1 H, ), 5.71, 5.64 (s, 2:1, 3 H, Gh\, 3.64, 3.62, 3.04 (s, 6 H each, H@), 2.37,
2.15, 1.84 (s, 3:1:2, 18 H, M *C{*H} NMR (CDCl;, 25°C): 5 (ppm)185.5 (C(O)H), 175.7, 170.9,
166.8 (1:1:1CO>Me), 155.6, 150.6, 143.7, 143.4 (1:2:1:2p4 152.7, 135.8, 134.3 (1:1:CCO:Me),
132.8 (G), 131.9 (G), 126.4 (G), 112.8 (G), 106.7, 106.6 (2:1, GH), 51.2, 51.6, 50.5 (1:1:1,
COMe), 17.3, 13.3, 13.2, 12.5 (1:2:1:2, ple Anal. Calcd. for GgH4sBIrN7O13: C, 45.15, H, 4.49, N,
9.70, FoundC, 45.15, H, 4.50, N, 9.47. IR (KB¥) (cm?): (Me) 2984, 2947, (BH) 2530, (GMle)
1722.

Structural Analysis of Complexes 2a, 3b, and 6c¢c-2CEl,. X-ray data were collected for all
complexes on a Bruker SMART CCD diffractometer gged with a normal focus, 2.4 kW sealed tube
source (Mo radiatior, = 0.71073 A) operating at 50 kV and 40 mA. Dataavasrrected for absorption

by using a multi-scan method applied with the SABABrogranf* The structures of all compounds
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were solved by heavy atom methods. Refinementulbyrfatrix least squares orf with SHELXL97 2
was similar for all complexes, including isotropand subsequently anisotropic displacement
parameters. The hydrogen atoms were calculatedrefinted using a restricted riding model. For
6¢ 2(CHCI,) we observed a disordered solvent molecule witlupancies 62:38.

Crystal data foRa: C34H40BIrNgOg, My 879.73, orange, irregular block (0.25 x 0.25 x7.1riclinic,
space group P-&; 10.2762(8) Ap: 11.2916(9) Ac: 16.7440(13) Ap: 83.727(2), £ 115.4760(10),
y. 115.4760(10), V = 1826.5(2) R Z = 2, D.ac = 1.600 g ciT, F(000) = 880, T = 295(2) Ky = 3.716
mm ™. 22520 measured reflectionsf(21.28—-26.13 w scans 0.3, 7191 unique (R = 0.0455).
Min/max transmission factors: 0.5707/0.4569. Fagteement factors weré R 0.0362 (6125 observed
reflections, | > &(l)) and wR = 0.0851. Data/restraints/parameters: 7191/0/G4F = 1.113. Largest
diff. peak and hole: 1.549 and -0.675 2A

Crystal data for3b: CgsHa2BIrNeO1o, Mw 909.76, orange, irregular block (0.40 x 0.23 x8).0
monoclinic, space group P2(1)&,10.0506(12) Ap: 18.310(2) Ac: 22.032(3) A3 100.479(3), V =
3986.9(9) R, Z = 4, Dac = 1.516 g cit, F(000) = 1824, T = 295(2) K = 3.409 mm'. 26177
measured reflections @2 1.46-26.11 w scans 0.3, 7863 unique (R = 0.0820). Min/max
transmission factors: 0.7721/0.3425. Final agreénfeotors were R = 0.0513 (5047 observed
reflections, | > &(l)) and wR = 0.1142. Data/restraints/parameters: 7863/0/G8%F = 1.045. Largest
diff. peak and hole: 1.634 and -1.016 A

Crystal data fo6c: 2CH,Cly: Cy4Hs5BCl4IrN7O13, My 1234.76, orange, irregular block (0.61 x 0.54 x
0.47), monoclinic, space group P2(1¢n13.507(3) Ap: 20.843(4) Ac: 19.049(4) A 2 103.087(5),
V = 5223.2(17) A Z = 4, Doa. = 1.570 g cnit, F(000) = 2488, T = 295(2) K4 = 2.827 mm'. 32001
measured reflections §2 1.47-25.15 w scans 0.3, 9319 unique (R = 0.0424). Min/max
transmission factors: 0.3500/0.2774. Final agreénfentors were R = 0.0288 (6916 observed
reflections, | > &(l)) and wR = 0.0654. Data/restraints/parameters: 9319/41/60% = 0.953. Largest

diff. peak and hole: 0.987 and -0.520 2A
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Structural Analysis of Complexes 2(GH4)b, 4, and 6g.X-ray data were collected for all complexes
on a Bruker Smart APEX | or APEX Il CCD diffractotees equipped with a normal focus, 2.4 kW
sealed tube source (Mo radiationz 0.71073 A) operating at 50 kV and 8g)/30(2(CsH.)b, 4) mA.
Data were collected over the complete sphere. Eaate exposure time were 10s or 26g) (covering
0.3 in w. Data were corrected for absorption by using atisusin method applied with the SADABS
program?* The structures of all compounds were solved bgolimethods. Refinement, by full-matrix
least squares on?Fwith SHELXL972° was similar for all complexes, including isotropand
subsequently anisotropic displacement parametdrs. Hiydrogen atoms were observed in the least
Fourier Maps or calculated, and refined freely sing a restricted riding model. F@(CsH4)b 0.5
molecules of diethyl ether by Ir were found in teast cycles of Fourier in two sites in the asynrioet
unit, and were refined with restrained geometryiagnttopic displacement parameters.

Crystal data foR(CgH4)b: C3sH40BIrNOs, Op sC2Hs, My 880.80, orange, irregular block (0.15 x 0.14
x 0.11), monoclinic, space group A2 a: 19.2080(9) A,b: 20.8774(10) A.c: 22.3156(11) A, A
115.4760(10%, V = 8078.7(7) R, Z = 8, Doaic 1.448 g crit, F(000): 3544, T = 100(2) Ky 3.356 mm
1y, 87963 measured reflectionsd(23-58, w scans 0.3, 21028 unique (R = 0.0456); min./max.
transm. Factors 0.740 /0.862. Final agreementfaetere R = 0.0508 (16588 observed reflections, | >
20(1)) and wR = 0.1390; data/restraints/parameters 21028/7/ G4F = 1.036. Largest peak and hole
5.522 and -2.987 e/*A

Crystal data ford: CssHszgBIrN7O9, My 880.72, yellow, irregular block (0.18 x 0.16 x 41
monoclinic, space group B2, a: 10.4342(7) Ab: 18.6223(12) Ac: 18.3236(12) AS 105.6298(8Y,

V = 3428.8(4) R Z = 4, D.ac 1.706 g crif, F(000): 1760, T = 100(2) Ky 3.959 mnt). 42204
measured reflections §23-58, w scans 0.3, 8407 unique (R = 0.0412); min./max. transm. Factors
0.742/0.862. Final agreement factors wete=R.0260 (7076 observed reflections, |&(1) and wR =
0.0625; data/restraints/parameters 8407/0/476; £bf032. Largest peak and hole 1.352 and -0.772 e/
A3
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Crystal data fo6g: CsgHssBIrN;O13, My 1010.82, yellow, plate (0.14 x 0.10 x 0.03), mdimoc,
space group C2/e; 40.649(5) Ab: 11.7275(14) Ac: 17.870(2) A B 105.232(2f, V = 8219.3(17) A
Z = 8, Doag 1.634 g crit, F(000): 4064, T = 100(2) Ky 3.322 mni). 35762 measured reflectionH(2
3-58, w scans 0.3, 11447 unigue (R = 0.0329); min./max. transm. Factors 0.711/0.86i2al

agreement factors were' R= 0.0277 (9212 observed reflections, | 5(l) and wR = 0.0663;
data/restraints/parameters 11447/0/572; GoF = 11088est peak and hole 1.763 and -0.587%/ A
Computational details. All calculations were performed with the GAUSSIABD series of
programé® using the B3Lyp functional?® An effective core potenti@ and its associated douke-
LANL2DZ*° basis set were used for iridium. C, H, B, N andt@ns where represented by means of the
6-31G(d,p) basis sét:* The steric effects of the methyl fragments of Tip¥®? ligand were accounted
for by means of ONIOM(B3Lyp:UFF) calculatiof’s*® The structures of the reactants, intermediates,
transition states, and products were fully optirdize gas phase without any symmetry restriction.
Frequency calculations were performed on all o@édi structures at the same level of theory to
characterize the stationary points and the tramstistates, as well as for the calculation of desse
enthalpies (H), entropies (S), and Gibbs energi®sat 298.15 K. The nature of the intermediates

connected was determined by perturbing the tramsgtates along the TS coordinate and optimizing to

a minimum.
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SYNOPSIS TOC. The fully CéMe-substituted iridacyclopentadiedereacts with aromatic aldehydes
with formation of O-coordinated adducts, which eventually transforno ibicyclic Fischer carbenes

with the newly created-©H and G—C bonds having aanti disposition.
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