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Metallacycloheptatrienes of Iridium(lll): Synthesis and Reactivity
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The Ir(l)—butadiene complex T2r(5*-CH,=C(Me)C(Me}=CH,) (1) (TpM¢? = hydrotris(3,5-
dimethylpyrazolyl)borate) reacts with3 equiv of DMAD (RG=CR, R= CO;Me) in CH,ClI, at 60°C,

b
in the presence of adventitious water, with formation of the iridacycloheptatrie@If{€(R)=C(R)G

1
(R)=C(R)C(RF=C(R))(H0) (2), by the oxidative coupling of three molecules of DMAD in the metal
coordination sphere. In a related processYsfipPhy(N,) (4) gives two benzoannelated iridacyclohep-

tatrienes, the symmetrical species?"ﬁilr(C(R)=C(R)+}CGH4C(R)=&:(R))(H20) (5) and the unsymmetrical

one T;.‘)"ezllr(C(R)=C(R)C(R)=C(R)o-(|36H4)(HZO) (6). The water ligand in these complexes is labile,
and derivatives substituted with CO, PMand NCMe have been obtaine?).5, and6 react, at 25°C,

with oxo-transfer oxidizing reagents suchBsOOH with formation of the keto-metallabicyclic products
7-9, which result from the selective oxo attack to thé-C=C double bond, irrespective of this being

of the benzo or the (RfEC(R) type. In the latter case, further oxidation takes place #B&tHOOH, at
ambient temperature, with formation of an iridabenzet®® énd an iridanaphthalen&?) (with five and

three electron-withdrawing C®le substituents, respectively) in which the carboxylate M&C0, ™ ligand
completes the metal coordination sphere. Interestingly, substitution of this group bprQ#e O~ allows

the formation of JacksonMeisenheimer complexes, reflecting the inherent aromaticity of these electron-
deficient metalloaromatics. Finally, the hydrogenation of the iridacycloheptatrienes has been studied. All
new compounds have been fully characterized by microanalysis, IR and NMR spectroscopies, and, in
some cases, single-crystal X-ray diffraction studies.

Introduction reductive elimination under the reaction conditions, or otherwise
, , a benzenoid ligand will be formed instead. TheM¥r(IIl)
. Although scar(;é,metglIacycl'oheptaltnen'es are.verylntere.s't- system (TP'e2 = hydrotris(3,5-dimethylpyrazolyl)borafe)s
ing organometallic species, which are implicated in the transition
metal mediated cyclotrimerization of alkynes, to give benzene () (a) Collman, C. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G.
derivatives? According to the commonly accepted mechanism Principles and Applications of Organotransition Metal Chemistiyiver-

; ; ; ; _ sity Science Books: Mill Valley, CA, 1987. (b) Keruza, S.; Tanaka, S.;
for this process, it would be possible to synthesize met;&‘?‘cy Ohe, T.; Nakaya, Y.; Takeuchi, R. Org. Chem2006 71, 543. (c) Saito,
clpheptatnenes through the reaction ofametallagyclopent iene s; yamamoto, Y.Chem. Re. 2000 100, 2901. (d) Grojahn, D. B. In
with an alkyne, provided that the former species has, maybe Comprehensie Organometallic Chemistry ;llAbel, E. W., Stone, F. G.
transiently, a vacantgis-positioned, coordination site. The '(A\) ‘éV"kr']”SO”ka EI?]S-:dPeR%aTogi hOX_LOf% 1\9/’9_5? VOL'- .]1:2A Chgﬂtef 7.3.

. . . . e Ircnner, K.; Calnoraa, vl. J.; schmid, R.; Velros, L.J-.Am. em.
resulting addudt W|I_I proylde the des!red seven-membered S0c.2003 125, 11721. (f) Yamamoto, Y. Arakawa, T.; Ogawa, R.: ltoh,
metallacycle by an insertion process; if unstable, the structurek. J. Am. Chem. So@003 125, 12143. (g) Kakeya, M.; Fujihara, T.;
can be stabilized by an incoming 2 donor L3 Of course, the Kasaya, T.; Nagasawa, Arganometallics2006 25, 4131.

: 3) For some iridacyclopentadienes see: (a) Collman, J. P.; Kang, J. W.;
metal center needs not to have any tendency to experience g (3 [0 2 Sullivan. M_F Inorg. Chem.196(38)7 1298, (b) Blanchini
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particularly well suited in this regard, and in this paper we report
on the synthesis and reactivity of some unusual iridacyclohep-
tatrienes. Part of this work has been briefly communicéted.

Results and Discussion

Synthesis and Characterization of Iridacycloheptatrienes.
The reactions of the Ir(l) complex T§r(;*-CH,=C(Me)C-
(Me)=CH) (1)82 with a series of Lewis bases L have been
studied®~9 and depending on the nature of L, simpj€o,c
butenediyl Ir(Ill) adducts are formed (some of them reversibly,
e.g., with GH,4),8® or the diene is coupled to the entering
molecule®cd As for alkynes, we have reported that }#C=
CSiMe; rearranges to a vinylidene ligaSélwhile PhG=CPh
couples with the diene to give a bicyclic alkyallyl complexf
By contrast,1 reacts with>3 equiv of dimethyl acetylenedi-
carboxylate (DMAD= MeO,CC=CCO,Me) in CH,Cl, at 60
°C with extrusion of the butadiene and formation, as a water
adduct of the iridacycloheptatrieng (Scheme 1), the result
of the oxidative coupling of three DMAD molecules on the Ir
coordination sphere. From the composition of comek is
obvious that water is needed in the reaction medium, but we
have show?f that if a large excess of it is present, preferential
trapping of intermediateA by H,O takes place and the
iridacyclopentadiene3 is obtained instead. This is not an

(6) Trofimenko, S.Scorpionates. The Coordination Chemistry of Poly-
pyrazolylborate Ligandsimperial College Press: London, 1999.

(7) () Alvarez, E.; Gmez, M.; Paneque, M.; Posadas, C. M.; Poveda,
M. L.; Rendm, N.; Santos, L. L.; Rojas-Lima, S.; Salazar, V.; Mereiter,
K.; Ruiz, C.J. Am. Chem. So003 125 1478. (b) Paneque, M.; Posadas,
C. M.; Poveda, M. L.; Rendg N.; Salazar, V.; Oate, E.; Mereiter, KJ.
Am. Chem. So003 125 9898.

(8) (a) Boutry, O.; Poveda, M. L.; Carmona, &E.Organomet. Chem.
1997 528 143. (b) Gutierez-Puebla, E.; Monge, A.; Paneque, M.; Poveda,
M. L.; Salazar, V.Organometalllics200Q 19, 3120. (c) Gutierez-Puebla,
E.; Monge, A.; Paneque, M.; Poveda, M. L.; Salazar, V.; Carmond, E.
Am. Chem. Sod 999 121, 248. (d) Paneque, M.; Poveda, M. L.; Salazar,
V.; Taboada, S.; Carmona, Brganometallics1999 18, 139. (e) llg, K,;
Paneque, M.; Poveda, M. L.; RengoN.; Santos, L. L.; Carmona, E.;
Mereiter, K. Organometallics2006 25, 2230. (f) Paneque, M.; Posadas,
C. M.; Poveda, M. L.; Rendg N.; Mereiter, K.Organometallics2007,

26, 1900.

(9) (&) Amouri, H.; Guyard-Duhayon, C.; Vaissermanrindrg. Chem.
2002 41, 1397. (b) Miranda-Soto, V.; Parra-Hake, M.; Morales-Morales,
D.; Toscano, R. A;; Boldt, G.; Koch, A.; Grotjahn, D. Brganometallics
2005 24, 5569.
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important synthetic problem, as the latter compound reacts with
further DMAD, although under more forcing conditions, to give
2.3¢ When the latter reaction is carried out with an excess (5
equiv) of DMAD-ds, 2-ds is obtained (eq 1), clearly indicating
that formation of the iridacycloheptatriene is irreversible under
the conditions depicted in Scheme 1.

R 5DMAD-d; . R
[ir] / R M
\ CeH1z
H,0 o R 100°c H0

R 18 h
R= COzMe R
R = COZCD:; R R

3 2-dg

Compound? has been fully characterized by microanalysis,
IR and NMR spectroscopies, and, in addition, by single-crystal
X-ray analysis (see below). The symmetrical nature of the
metallacycle is clearly reflected in both tAEl and 13C{1H}

NMR spectra, with three different G®le groups being
observed. Thé3C nuclei of the ring appear at 156.1, 135.9,
and 134.9 ppm, but these resonances cannot be confidently
assigned to any particular positiod.undergoes slow thermal
decomposition, in gHi, at 150 °C, to give a number of
unidentified products, none of them being(CO,Me)s, the
expected result of a reductive elimination process. It is also
worth noting that this complex has no tendency to lose water
with formation of a 1-iridabicyclo[3.2.0]heptatriene derivatife.

Two more interesting isomeric benzoannelated iridacyclo-
heptatrienes, complex&sand6, are obtained (2:1 ratio) upon
treatment of the dinitrogen complex §#IrPhy(Ny) (4)11 with
an excess of DMAD in gHj;, at 60°C (eq 2). These species
can be cleanly separated by chromatography on silica gel, and
this has allowed an easier characterization. The symmetrical
and unsymmetrical nature &fand6 is reflected in their NMR
spectra, but otherwise the data obtained are similar and compare
well with those reported foR.

Ir
[ ]\
Ph 2

2.5 DMAD

Ph

CeHi2, 60°C, 12 h
(2)

(2:1)

R = CO,Me

Complexes5 and 6 are clearly the result of the formal
coupling, with different regioselectivity, of two molecules of
DMAD and GH, (benzyne) in the Ir coordination sphere. In
fact, a mechanism in which the two-iphenyl groups are
converted into a benzyne ligatfdcould be invoked for their
formation, but this would imply a reduction in the oxidation

(10) Paneque, M.; Poveda, M. L.; RémgdN.; Mereiter, KJ. Am. Chem.
Soc.2004 126, 1610.

(11) Gutierez-Puebla, E.; Monge, A.; Nicasio, M. C.;'ree, P. J;
Poveda, M. L.; Carmona, EEhem—Eur. J.1998 4, 2225.

(12) Hartwig, J. F.; Andersen, R. A.; Bergman, R.JGAm. Chem. Soc.
1991, 113 6492.
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istry.15 However, quite different results were obtained for these

Tp“e2r(1ll) derivatives when the oxidation was carried out with

state of the iridium center from3 to +1, and we have shown  oxo-transfer species. Thus, the reaction of com@exith an

this to be a very unlikely situation in the T§Ir system!t13 excess (5 equiv) 0BUOOH in CHCI, at 20°C furnishes the

Therefore, we prefer to propose instead the mechanism depictecketo-ester compound (eq 6). The symmetrical nature of

in Scheme 2, which is partially based on the reaction outcome product7 is clearly manifested in both tHél and*3C{H} NMR

of complex4 with C,H4.1t spectra, with the more important data being the resonances at
As can be observed, DMAD inserts into an-Fh bond of 209.3 and 73.3 ppm corresponding to tA& nuclei of the keto

adductB, and then the phenyl group of the resulttig-alkenyl group bonded to the metal and of the alipha@i(fCO.,Me)

ligand in C undergoes am-metalation process, givingeHs moiety, respectively.

and the unsaturated benzoiridacyclopentadigniéthis is true,

and as the formation ob and 6 has been shown to be

1,
irreversible, the observed ratio of these two complexes reflects ° CBHUZ?;EH
the different reactivities of the two+Csp, bonds inD toward _—
DMAD insertion. Attempts to detect any of the intermediates 20°C,3h g
depicted in Scheme 2 were made by monitoring the reaction
by NMR spectroscopy, but these were unsuccessful even when R = CO,Me

1 equiv of DMAD was used. It is important to point out that 2
the process depicted in eq 2 quite closely resembles the reaction
of CrPhy(THF); with DMAD, which gives naphthalene species,
and was studied in depth years ago by Whitesides &t lal.
this work, no organometallic compounds were obtained, but
structures related t6 and 6 were proposed as intermediates.
As expected®10the water ligand in complexe® 5, and6
is labile and easily replaced by other Lewis bases such as CO,
NCMe, and PMg (egs 3-5). The resulting adducts have been
completely characterized by microanalysis and IR and NMR
spectroscopies. Interestingly, the rotation around th€lbond
in complexess-PMe; and 6-PMes is slow, on the NMR time
scale, at room temperature (see Experimental Section).
Oxidation Reactions. In an effort to liberate the organic
fragments of complexe 5, and6 from the metal, we submitted
them to the action of oxidizing reagents, a method to induce
reductive eliminations that has precedents irflliQp) chem-

In related processes, the benzoiridacycloheptatri®&nasd

6 gave compound8 and9, respectively (eqs 7 and 8), and it is
notable that in the first case the aromaticity of the benzenoid
ring is lost. AlthoughBuOOH is the reagent of choice for these
oxidations, due to the mild requirements of the reactions, other
reagents such as,B,, pyridine oxide, and even{are capable

of effecting these transformations (see Experimental Section).
The reactions shown in eqs-8 have to be carefully monitored,
as overoxidations witlBUOOH are easy processes, which will
be described below. However, once isolated, the three oxidized
specied, 8, and9 are very stable thermally, and their solutions
in CgH12, in the absence of Hcan be heated to 15C without
evident decomposition.

We have found that the presence of radical inhibitors such
as cyclohexadiene or hydroquinone did not affect the oxidations
shown in egs 68, and they are most easily explained by

(13) (a) Alvarado, .- Boutry, O.: Guitieez, E. Monge, A.: Nicasio, invoking the mechani;m depicted in Scheme 3 (for clgrity the
M. C.: Peez, P. J.. Poveda, M. L.: Ruiz, C.; Bianchini, C.: Carmona, E. 2 — 7 transformation is the one represented). In the first step,
Chem=—Eur. J.1997 3, 860. (b) Carmona, E.; Paneque, M.; Poveda, M. an oxo derivative of Ir(V) E)!® is formed following HO

L. Dalton Trans.2003 4022. (c) Carmona, E.; Paneque, M.; Santos, L. L.; xtrusion. As ex hi ies woul hiahlv un I
Salazar, V.Coord. Chem. Re 2005 294, 1729. For some exceptions to € Ejus 0 .f S ehpECted’ this spgc es dou d be Ig y uI stab eh
this norm, see ref 8b and: Posadas, C. M. Ph.D. Thesis, University of and transfers the oxygen, regio- and stereoselectively, to the
Seville, 2006.

(14) Whitesides, G. M.; Ehmann, W. J. Am. Chem. Sod.97Q 92, (15) Diversi, P.; Marchetti, F.; Ermini, V.; Matteoni, 3. Organomet.
5625. Chem.200Q 593 154.
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R = CO,Me
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20°C,4.5h

R
R= COZMe

(8

more distant &C double bond, giving the epoxide which
then, by virtue of its interaction with the Lewis acidic Ir(lll)
center, experiences an opening proéess give a keto group

Paneque et al.

the proposed mechanism, the P\derivativess-PMes and6-
PMe;z (having nonlabile phosphine ligands) did not react with
H,0O, even at 130°C. However, for the first case and under
more forcing conditions (eq 9), a mixture was obtained from
which the naphthalend(?° (the expected product of the
reductive elimination of the metallacycle) could be isolated by
column chromatography.

R
H,0, 30% R
(exc.) —— (9)
R CgHyp
150 °C R
12h R
5-PMe R =CO;Me 10 (40%)

As commented above, the oxidation of the iridacyclohep-
tatrienes2, 5, and6 with an excess oBuOOH does not stop
with the formation of derivativeg, 8, and9. For the case o2
and6 (or 7 and9) the reactions were quite clean, at ambient

that remains bonded to the metal. Interestingly, the epoxidizing temperature, and the metalloaromatidsand12 were obtained

power of the oxo ligand present Ehand related intermediates
must be very strong, as double bonds carrying twaexepting,
hence deactivating, substituents such as theM&group, are
usually reluctant to participate in this kind of oxidation, and
the same is true for benzenoid=C bonds!® In accord with

Scheme 3

[0]
R= COzMe E
oxo transfer
[l R
/
epoxi_de R
opening
R
R
R
7 F

(16) The monomeric Ir(O)(mesityl)s known and has been characterized,
among other methods, by X-ray diffraction studies. See:
Motherwell, R. S.; Wilkinson, G.; Hussain-Bates, B.; Hursthouse, M. B.
Polyhedron1993 12, 2009. (b) Jacobi, B. G.; Laitar, D. S.; Pu, L.;
Wargocki, M. F.; DiPasquale, A. G.; Fortner, K. C.; Schuck, S. M.; Brown,
S. N.Inorg. Chem 2002 41, 4815.

(17) Oxo-terminal derivatives,;M=0, of 8—10 transition metal groups

are very unstable entities mainly due to the great number of d electrons

available. In Wilkinson’s compourtél geometrical factors prevent the
antibonding orbitals of the double bond=® from being populated

(a) Hay-

in very high yields (eqs 10 and 11). The coordination sphere of
the iridium is completed in both cases with a methyloxalate
ligand.

[Mn_ R

tBuOOH (exc.), CH,Cl,

20°C,12h
R
rR R R R =CO,Me
(10)
7
9 R
R)\\o/llr]
R R
R R
1

tBuOOH (exc.), CH,Cl,

20°C, 12 h
R =CO,Me

R)ko/[lrk

R

(11)

R R
12

Complexes11l and 12 add to the growing family of
metallabenzené%?! and related metalloaromatics, ark®

(20) Pém, D.; Peez, D.; Guitia, E.; Castedo, LJ. Am. Chem. Soc.

(although it is very reactive and easily transfers the oxo ligand to other 1999 121, 5827.

reagents). Quite recently#0 derivatives for Pd and Pt have been described

(21) (a) Bleeke, J. RChem. Re. 2001, 101, 1205. (b) Landorf C. W.;

in which the double bond is protected by encapsulation. See: (a) Anderson,Haley, M. M. Angew. Chem., Int. E®00§ 45, 3914. (c) Thorn, D. L.;

T. M.; Neiwert, W. A,; Kirk, M. L.; Piccoli, P. M. B.; Schultz, A. J.; Koetzle,
T. F.; Musaev, D. G.; Morokuma, K.; Cao, R.; Hill, C. Bcience2004
306, 2074. (b) Anderson, T. M.; Cao, R.; Slonkina, E.; Hedman, B.;
Hodgson, K. O.; Hardcastle, K. I.; Neiwert, W. A.; Wu, S.; Kirk, M. L.;
Knottenbelt, S.; Depperman, E. C.; Keita, B.; Nadjo, L.; Musaev, D. G.;
Morokuma, K.; Hill, C. L.J. Am. Chem. SoQ005 127, 11948.

(18) Smith, M. B.; March, JAdvanced Organic Chemistry: Reactions,
Mechanisms and Structur&th ed.; Wiley: New York, 2001.

(19) Somasekar, R. A. IBomprehensie Organic ChemistryLey, S. V.,
Trost, B. M., Fleming, |., Eds.; Pergamon: Oxford, 1991; Vol. 7,
Chapter 3.1.

Hoffman, R.Now. J. Chim.1979 3, 39. (d) Elliott, G. P.; Roper, W. R;
Waters, J. MJ. Chem. Soc., Chem. Comm@@82 811. (e) Bleeke, J. R,;
Xie, Y.-F.; Peng, W.-J.; Chiang, M. Y. Am. Chem. S0d989 111, 4118.
(f) Gilbertson, R. D.; Weakley, T. J. R.; Haley, M. M. Am. Chem. Soc.
1999 121, 2597. (g) Jacob, V.; Weakley, T. T. R.; Haley, M. Mngew.
Chem., Int. Ed2002 41, 3470. (h) Chin, C. S.; Lee, HChem—Eur. J.
2004 10, 4518. (i) Xia, H.; He, G.; Zhang, H.; Wen, T. B.; Sung, H. H. Y.
J. Am. Chem. So@004 126, 6862. (j) Barrio, P.; Esteruelas, M. A.;"@ie,
E.J. Am. Chem. So2004 126, 1946. (k) Avarez, E.; Paneque, M.; Poveda,
M. L.; Rendm, N. Angew. Chem., Int. EQ006 45, 474. (I) Clark, G. R,;
Johns, P. M.; Roper, W. R.; Wright, L. @rganometallic2006 25, 1771.
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functionality was apparent by IR spectroscopy as an absorption
at 3380 cm!. Scheme 5 shows this transformation along with
a plausible mechanism for it. Hydrolysis of the methyloxalate
ligand in12 will give a hydroxo complex, from which, upon
nucleophilic attack of the OH to the,©f the benzene ringl3
is formed. In that way this last species can be viewed as an
internal neutral JackserMeisenheime? complex and adds
support to the already reported aromaticity of the iridanaph-
thalene. Compled 3 reverts tol2 upon reaction with the acid
chloride CICEO)CO,Me, and this process presumably takes
place by the intermediacy of estefrelated toG, Scheme 4),
which, as suggested before, decomposes-bp®ond rupture.
Hydrolysis of the iridabenzeng&l with silica gel was not
successful, but a compound related 8was obtained, although
in very low yield, in THF—HO in the presence gi-MeCgsHs-
SOsH (eq 12). The new complexd4 is formulated as a
symmetrical (NMR evidenceg)-toluenesulfonic acid adduct, for
which we propose that the*Hs forming a bifurcated hydrogen
bond between two CfMe groups. Treatment of this species
with CIC(=0)CO,Me regenerates compleXl. When the acid
hydrolysis of11lis carried out in MeOH, the formation, in low
yield, of the ether derivativd5 was observed (eq 13). The
coordinated methoxy group gives rise to a singlet at 3.55 ppm
and to a resonance at 559dy = 144 Hz) ppm in théH and
I3C{1H} NMR spectra, respectively. An acid adduct of this
species has been observed with HBfFom which neutrall5
could be regenerated by treatment with NaOH (eq 14). In fact,
a series of experiments have shown that the two compl&xes
and15HBF, are in fast equilibrium, with respect to the NMR
time scale, in CDGl solution at 25°C.

represents the first transition metal metallanaphthalene. They
are also unusual for the presence of quite a number of electron-
withdrawing substituents (five G®e in the case o11), which
are not normally thought of as stabilizers of this kind of struc-
ture.11 and 12 have been completely characterized by micro-
analysis, IR and NMR spectroscopies, and single-crystal X-ray
studies, presented below. For compodddhe two carbon nuclei
bonded to Ir are equivalent (in accord with aromatic delocal-
ization) and resonate in tHéC{'H} NMR spectrum at 229.3
ppm, a reasonable value if a 50% carbene character is taken
into consideration. In the case @R the I'lC(CO,Me) nucleus
appears at lower field, specifically &t255.0, while the other
carbon bonded to iridium resonates at 177.9 ppm, clearly
indicating that the first of these -HC bonds has more #C
contribution. A more detailed analysis will be postponed until
the X-ray structure of this complex is presented (see below).
With respect to the mechanism of the formation of these
metallabenzenes, we propose that their formation occurs as
depicted in Scheme 4 (exemplified for thie~ 11 transforma-
tion). A Baeyer-Villiger oxidation!8 of the C&0)—C(R) bond
gives rise to an unstable est&, which rearranges to the
observed product by €0 rupture and bond reorganization.
Interestingly, compled2 readily undergoes hydrolysis upon
chromatography on silica gel, and the bicyclic compodgd
containing a tertiary alcohol functionality bonded to the Ir(Ill)
center, is isolated. The carbon that supports the OH resonates
at 98.4 ppm in the'*C{*H} NMR spectrum, while the OH

o R
R)ko/llr]
R R
R R
R=CO,Me ¢4
CIC(0)CO,Me p-toluenesulfonic acid (12)
py, 20 °C THF, H,0, 20 °C
[ir] R
R
H/o op-Me-C5H4-SO3H
\ R
R
14
Kol 2o
p-toluene-
R o— sulfonic acid
—_—
R R™ Meon M
60°C,2h
R R
R = CO,Me
11 15
HBF, R

R Et,0:CH,Cl, /‘
20°C
——— MeO

R NaOH

R = CO,Me R
15-HBF,




3408 Organometallics, Vol. 26, No. 14, 2007

Hydrogenation Reactions. In an attempt to induce the
rupture of one, or both, of the HC bonds in2, its reaction
with H, was studied. In fact, under the conditions depicted in
eq 15 (GH1, 60 °C, 3 atm), hydrogenolysis occurs, and the
iridacyclohexadiend 6 is cleanly formed.

[ll‘] R Hz (3 atm.) [Ir] R
R_ CeHrz P 15
H,0 e 10r © R\ 19

2 60°C,10 h
R
R MeO
H
R R R R

R = CO,Me 16
As can be observed, 1 mol of;Hhas been added to one of
the G, with concomitant ring contraction of the metallacycle.
The water ligand is no longer present, and coordination of the
ester group of the pending GBOMe substituent completes
the metal 18 & count. The different nature of this GMe group
is reflected in the'*C{'H} NMR spectrum, as the quaternary
carbon resonates at197.8, ca20—30 ppm downfield of the
other CQMe substituents. The GHgroup and the aliphatic
carbon bonded to iridium appear at 53.5 and 17.0 ppm,
respectively. A possible mechanism for this hydrogenation is
shown in Scheme 6, where the hydride-alkene comprexJ’

Scheme 6

R =CO,Me olefin

rotation

R
_—(ir]
Q \ mig. ins.
R

R
CH,

MeO

is proposed as an active intermediate. A migratory insertion of
the olefin into the Ir-H bond, with subsequent coordination of
the CHCO,Me group, furnishes compleb6. A similar reaction
takes place with comples, and the related benzoiridacyclo-
hexadienel7 is obtained (eq 16).

Finally, and in order to complete these studies, the hydro-
genation of the iridacyclopentadieBavas also carried out. In
this case two isomeric products, the hydridésand 19, are
formed, in a 70:30 ratio, each of them being the result of the
addition of 2 mol of H to the starting material (eq 17). As can

(22) Terrier, F.Chem. Re. 1982 82, 77.

Paneque et al.

H, (3 atm.)

R CgHyp
—_—
60°C,12h

[ir]
o

R MeO

R =CO,Me

17

be observed, both complexes have a configurationally identical
alkenylic chain (ie., the hydrogenation is stereospecific), but
they differ in which CQMe group, acting as 2-edonors,
completes the metal coordination sphere. Compleb&and

19 can be separated by chromatography and have been
completely characterized by microanalysis and IR and NMR
(including NOESY experiments) spectroscopies. Scheme 7
shows the proposed mechanism for the formation of these
compounds. The first step closely resembles that reported for
the hydrogenation of the iridacycloheptatriéheith formation

of the unsaturated intermedidte(akin toK of Scheme 6), but

in this case, and probably as a consequence of the strained nature
of this iridacyclobutene, the+Cay bond is cleaved by another
molecule of H to give M, which gives rise to each of the
observed products by coordination of one of the two different
COMe groups more easily available. Interestingly, and as a
series of control experiment showed, formation of complexes
18 and 19 is under kinetic control and no interconversion
between them, once separated and pure, takes place when
subjected to the reaction conditions depicted in eq 17. This
finding is somewhat surprising and is probably due to the
strength of the F-O=C(OMe)— bonds and to the chelate effect.

H; (3 atm.)

[
HZO/

R
\

~ R

CeHqz, 90°C, 24 h

an

19

Q H
RCH, R

X-ray Diffraction Studies. Table 1 contains crystal data and
data collection details for all compounds analyzed in this section.
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Table 1. Crystal Data and Data Collection and Refinement Details for Complexes 2, 8, 11, 12, 13, and 18

2 8 11 12 13 18
formula GzH42BIrNgO12 Cs3H38BIrNOg C33Ha0BIrNgO14 Cs33H3gBIrNgO10 C30H36BIrNO7 Cu7H3gBIrNgOsg
H,O-CHClg 0.25 CHCl, CH,Cl»
mol wt 1071.12 865.70 968.95 966.63 795.66 777.64
color, habit yellow, block plate, red red, block red, block colorless, prism yellow, prism
symmetry, monoclinic, monoclinic, triclinic, monoclinic, monoclinic, monoclinic,
space group P2:/n P2:/n P1 P2:/n P2,/c P2,/c
a, 10.663(2) 7.9871(5) 11.2272(14) 10.8289(7) 10.439(3) 17.0603(7)
b, A 23.173(4) 21.0604(14) 18.882(2) 31.296(2) 35.341(10) 9.7334(4)
c, A 16.987(39) 21.0566(14) 19.527(3) 11.2884(7) 17.675(5) 18.5643(7)
a, deg 90 90 75.816(2) 90 90 90
f, deg 90.103(3) 95.072(1) 78.055(2) 103.605(1) 98.729(5) 94.062(1)
y, deg 90 90 75.870(2) 90 90 90
V, A3 4197.5(13) 3528.1(4) 3844.0(8) 3718.3(4) 6445(3) 3074.9(2)
z 4 4 4 4 8 4
Dealcas g CnT 3 1.695 1.630 1.674 1.727 1.640 1.680
w, mmt 3.443 3.846 3.582 3.800 4.198 4.399
0 range, deg 1230.0 2.2-28.5 1.9-28.5 1.3-28.6 2.0-25.2 2.2-30.0
temp, K 123(2) 100(2) 100(2) 100(2) 297(2) 173(2)
no. of data 58 702 40 068 46 509 45100 60972 45 236
collected
no. of unique 12102 Rnt = 8455 Rt = 17776 Rt = 8912 Rnt = 11187 Rt = 8924 Rt =
data 0.031) 0.062) 0.067) 0.062) 0.054) 0.020)
no. of params/ 552/4 461/0 1021/23 500/0 835/4 398/0
restraints
Ri2 (F2 > 20(F?) 0.0320 0.0351 0.0420 0.0446 0.0364 0.0195
WR,P (all data) 0.0706 0.0658 0.0731 0.0971 0.0746 0.0436

Complex 2.Figure 1 shows an ORTEP view of a molecule specifically the one at C(53). As expected the I€-C bite
of 2, while Table 2 collects selected bond lengths and angles. angle of the metallacycloheptatriene (99.4s significantly
wider than that observétin the iridacyclopentadien®(79.3),

Figure 1. ORTEP view of complex (50% ellipsoids).
Table 2. Selected Bond Lengths (&) and Angles (deg) for

Complex 2

Ir—N(12) 2.127(3) C(42yC(43) 1.361(4)

Ir—N(22) 2.140(3) C(43¥C(52) 1.481(4)

Ir—N(32) 2.038(3) C(52¥C(53) 1.343(4)

Ir—C(42) 2.029(3) C(53YC(63) 1.470(4)

Ir—C(62) 2.047(3) C(62)C(63) 1.356(4)

Ir—O(1W) 2.113(2)
C(42)-1r—N(32) 90.7(1)  C(62Ir—N(12) 175.9(1)
C(42)-Ir—C(62) 90.4(1) O(IWIr—N(12) 87.5(1)
N(32)-Ir—C(62) 87.5(1) C(42¥Ir—N(22) 175.7(1)
C(42)-Ir—0(1W) 92.4(1) N(32)Ir—N(22) 91.0(1)
N(32)—Ir—O(1W) 176.4(1)  C(62)Ir—N(22) 93.7(1)
C(62)-Ir—O(1W) 94.5(1) O(1WXIr—N(22) 85.8(1)
C(42)-Ir—N(12) 93.2(1) N(12}Ir—N(22) 82.9(1)
N(32)—Ir—N(12) 90.4(1)

The iridacycle skeleton has a boat conformation withjthe

C=C double bond pointing to the water ligand, and in fact this
latter group is involved in a hydrogen bond with the carboxyl
of one of the CGMle substituents of the mentioned double bond,

while the I=C bond lengths of these two compounds have
rather similar values (2.04 A av for the former vs 2.02 A av for
the latter). With respect to the three=C double bonds present

in the seven-membered ring, all have almost equivalent lengths
(1.35 A av). Finally, and as is the norm in this type of comptex,
the Ir—=N(pyrazolyl) bondtransto the hard water ligand (2.04

A) is shorter than the other two (2.13 A av).

Complex 8.In Figure 2, the molecular structure of complex
8 is represented, while Table 3 collects selected bond lengths

)

Sy

Figure 2. ORTEP for8 (40% ellipsoids).

and angles. The iridacycle present8ris six-membered and,
as compared with compoun® the C-Ir—C bite angle is
consequently somewhat reduced to 86.bhat the original
benzenoid ring has lost its aromaticity is clearly shown by the
value of the C(413C(42) bond length of 1.54 A, which is in
the expected range for a typicaHC single bond® The keto
group (C-O = 1.26 A) bonded to iridium behaves as a hard
ligand, as reflected in the-+N(pyrazolyl) bond distanc#ans
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Table 3. Selected Bond Lengths (A) and Angles (deg) for Complex 12.The structure of this complex, the first example
Complex 8 of a metallanaphthalene of a transition metal, is shown in Figure

Ir(1)—N(11) 2.144(3) C(2rC(3) 1.332(5) 4, while selected bond lengths and angles are collected in Table

Ir(1)—N(21) 2.045(3) C(3rC(42) 1.560(5) 5. Interestingly the HC(30) bond distance (1.98 A)gi, that

Ir(1)—N(31) 2.152(3) C(9¥C(42) 1.560(6)

Ir(1)—0(9) 2.052(3) C(8)C(9) 1.341(5)

Ir(1)—C(2) 2.018(4) C(41-0(9) 1.256(5)

Ir(1)—C(8) 2.020(4) C(41yC(42) 1.538(6)

C(2)-Ir(1)—C(8) 86.46(15) N(21Ir(1)-N(11)  89.10(12)
C@)-Ir(1)-N(21)  96.16(14) O(9¥Ir(1)—N(11) 91.29(12)
C@B)-Ir(1)-N(21)  93.27(14) C(Ir(1)-N(31)  174.97(14)
C(2)-1r(1)—0(9) 85.75(14)  C(8}Ir(1)—N(31) 94.62(14)
C(8)-Ir(1)—0(9) 86.30(13) N(21¥Ir(1)-N(31)  88.69(12)
N@21)—Ir(1)-0(9) 178.02(12)  O(9YIr(1)~N(31) 89.42(12)
C)-Ir(1)=N(11)  94.54(14) N(11}Ir(1)-N@B1)  84.17(12)
C(8)-Ir(1)-N(11)  177.31(14)

to it of 2.05 A, which is significantly shorter than the other
two (2.15 A av).

Complex 11. Figure 3 shows an ORTEP view of this
compound, and Table 4 collects selected bond lengths and
angles. This species is very significant because it represents the

c2s

Figure 4. ORTEP for12 (40% ellipsoids).

Table 5. Selected Bond Lengths (A) and Angles (deg) for

Complex 12
Ir—N(2) 2.131(5) C(26)C(29) 1.430(8)
Ir—N(4) 2.028(5) C(29)C(30) 1.445(8)
Ir—N(6) 2.147(5) C(29)yC(34) 1.403(8)
Ir—0(10) 2.058(4) C(30)C(31) 1.401(8)
Ir—C(20) 1.930(6) C(31yC(32) 1.377(8)
Ir—C(30) 1.981(6) C(32¥C(33) 1.404(9)
C(20)-C(23) 1.402(8) C(33YC(34) 1.351(9)
C(23)-C(26) 1.396(8)
C(20)-Ir—C(30) 90.1(2) N(4)Ir—N(2) 87.0(2)
C(20)-Ir—N(4) 92.5(2) O(10y Ir—N(2) 93.3(2)
C(30)-Ir—N(4) 90.8(2) C(20)Ir—N(6) 94.5(2)
C(20)-Ir—0(10) 87.2(2) C(30yIr—N(6) 175.2(2)
C(30)-Ir—O(10) 85.7(2) N(4)-Ir—N(6) 90.5(2)
Figure 3. ORTEP for11 (40% ellipsoids, only one of the two N(4)—Ir—0O(10) 176.5(2) O(16)Ir—N(6) 93.1(2)
independent molecules is shown). C(20)-1r—N(2) 178.6(2) N(2)-Ir=N(6) 84.3(2)
C(30)-Ir—N(2) 91.2(2)

Table 4. Selected Bond Lengths (A) and Angles (deg) for corresponding to the benzenoid ring, is longer than th€(20)
Complex 11 (dimensions for the first of two of 1.93 A. Again the iridium atom deviates significantly (0.77
crystallographically independent molecules) A) from the main plane formed by the C atoms of the

:rgg—mgg gi(l)ig g((ll);gg)l) f-ggz((g)) six-membered ring (C(20), C(23), C(26), C(29), and C(30); rms
r —_ . . . . .
Ir(1)=N(5) 2.041(5) C@-0(7) 1.393(8) nonplgnar]ty 0.028 A). A very recent theorenca_l DFT calculation
Ir(1)—C(1) 1.921(6) C(7y-C(10) 1.441(8) study points toward steric effects of the 1§ ligand as well
Ir(1)—C(13) 1.957(6) C(10)C(13) 1.359(7) as the unsymmetrical ligand environment above and below the
six-membered metal-containing ring to explain the nonplanarity
Sﬁﬂ_liﬁﬂ_ﬁgf) 983'3((22)) g‘ﬁ;ﬁ(&})_’“@) Sg;gg; observed for compoundsl and 12. Other aspects of the
C(13)y-Ir(1)—-N(5) 92.8(2)  C(LrIr(1)—N(1) 177.7(2) structure ofl2 essentially show that, although the metallanaph-
C(1)-Ir(1)—0(11) 84.7(2)  C(13yIr(1)—N(1) 92.5(2) thalene is distinctly bent, the relatively homogeneousXbhond
C(13)y-Ir(1)-O(11) ~ 84.1(2)  N(5yIr(1)-N(1) 89.5(2) length spectrum is consistent with a metallanaphthalene.
N(5)—Ir(1)—O(11) 175.4(2)  O(1BIr(1)—N(1) 94.0(2) . . . .
C(1)-Ir(1)-N(3) 95.7(2)  N@)Ir(1)=N(1) 82.4(2) .Complex 13.An ORTEP view of this molecule is shown in .
13)-Ir(1)—N 174.2 igure 5, and selected bond lengths and angles are collected in
C(13)-Ir(1)—N(3) ) Figure 5, and selected bond length d angl llected

Table 6. In this species the twodC(s) bonds have similar
first metallabenzene where all five substituents are of electron- lengths3e8¢1.99 A for the Ir(alkenyl) and 2.00 A for the Ir-
withdrawing nature, specifically C®le groups. The six- (phenyl) with the C-Ir—C bite angle being 87:3The Ir—0O(8)
membered ring is not planar, as the iridium deviates ca. 0.75 A bond distance amounts to 2.08 A, somewhat shorter than the
from the mean plane of the five carbon atoms (rms nonplanarity Ir—OH, bond length found in comple2 (2.11 A), and
0.040 A) (see below). On the other hand the®(1) and I correspondingly the tN(pyrazolyl) transto the former (2.00
C(13) bond distances have similar values (1.92 and 1.96 A, A) is shorter than to the latter (2.04 A).
respectively) and reflect the expected intermediate bond order
of ca. 1.5 between the metal and the carbon atéri. (23) Zhu, J.; Jia, G.; Lin, ZOrganometallics2007, 26, 1986.
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Table 7. Selected Bond Lengths (A) and Angles (deg) for

Complex 18
Ir—N(12) 2.021(2) IF-C(42) 2.008(2)
Ir—N(22) 2.100(2) C(42yC(43) 1.363(3)
Ir—N(32) 2.182(2) C(43)YC(52) 1.525(3)
Ir—H(1) 1.49(3) C(51)C(52) 1.506(3)
Ir—0O(55) 2.074(1) C(5150(55) 1.230(2)
C(42)-1r—N(12) 97.4(1) O(55)Ir—N(32) 87.6(1)
C(42)-1r—0O(55) 86.6(1) C(42yIr—H(1) 86.6(10)
N(12)-Ir—O(55) 175.9(1) N(12}Ir—H(1) 89.3(10)
C(42)-1r—N(22) 177.8(1) O(55) Ir—H(1) 91.7(10)
N(12)-Ir—N(22) 84.7(1) N(22) Ir—N(32) 85.6(1)
O(55)-Ir—N(22) 91.2(1) N(22)F Ir—H(1) 93.6(10)
C(42)-Ir—N(32) 94.2(1) N(32)-Ir—H(1) 178.9(10)
N(12)-Ir—N(32) 91.2(1)
Conclusions

< An iridacycloheptatriene complex has been synthesized by
Figure 5. ORTEP for13 (30% ellipsoids, only one of the two  the oxidative coupling of three molecules of ME&I=CCO;-
independent complexes is shown). Me (DMAD), while related, symmetrical and unsymmetrical,
benzoannelated derivatives are the result of the corresponding
formal coupling of two DMAD with “benzyne”. Oxidation of
these species witlBUOOH allows the formation of unusual
metalloaromatics, specifically an iridabenzene and an irida-

Table 6. Selected Bond Lengths (&) and Angles (deg) for
Complex 13 (dimensions for the first of two
crystallographically independent molecules)

Ir—C(5) 1.988(5) C(5)C(6) 1.338(7) - o .
Ir—C(41) 1.997(5) C(6yC(7) 1.529(7) naphthalene, W.Ith five and threg electron W|thdraW|n92@
Ir—N(32) 2.001(4) C(7¥C(42) 1.503(7) groups, re_spectwely. The fo_rmanon of neu_tral internal Ja_ck_son
Ir—O(8) 2.085(3) C(41BC(42) 1.409(7) Meisenheimer complexes is in accord with the aromaticity of
Ir—N(12) 2.121(4) C(7y0(8) 1.470(5) these six-membered iridacycles.
Ir—N(22) 2.157(4)
C(5)-Ir—C(41) 87.3(2) N(32}Ir—N(12) 86.1(2) Experimental Section
C(5)-Ir—N(32) 99.0(2) O(8¥Ir-N(12) 95.5(1)
C(41)-1r—N(32) 97.1(2) C(5¥Ir—N(22) 92.8(2) General Procedures.Microanalyses were performed by the
C(5)-Ir—0(8) 79.8(2) C(41yIr=N(22) 172.7(2) Microanalytical Service of the Instituto de Investigacionesmicas
C(41)-Ir—0(8) 76.7(2)  N(32yIr—N(22) 90.0(2) (Sevilla, Spain). Infrared spectra were obtained from a Bruker
N(32)—Ir—0(8) 173.8(2) O(8yIr—N(22) 96.1(1) Vector 22 spectrometer. The NMR instruments were Bruker DRX-
C(5)-Ir—N(12) 174.3(2) N(12Ir—N(22) 84.5(2) 500. DRX.400. and DPX-300 ‘ ‘ Spect :
C(41)-Ir—N(12) 94.7(2) , -400, an - spectrometers. Spectra were refer-

] ~ enced to external SiM&6 0 ppm) using the residual protio solvent
Complex 18.The molecular structure of this compound is  peaks as internal standardsl (NMR experiments) or the charac-
shown in Figure 6, while selected bond lengths and angles areteristic resonances of the solvent nuclONMR experiments).
collected in Table 7. This X-ray structure confirms the stere- Spectral assignments were made by means of routine one- and two-
dimensional NMR experiments where appropriate. All manipula-
tions were performed under dry, oxygen-free dinitrogen, following
conventional Schlenk techniques. The complexé¥q{n*-CH,=

C(Me)C(Mey=CH,) (1),2aTpMerPhy(N,) (4),'t and Tear(C(R)=

— 1
C(R)C(RFC(R))(H.0) (8) (R = CO,Me)%*¢ were obtained by
published procedures.

Complex 2. To a solution of THe2r(»*-CH,=C(Me)C(Me)=
CHy) (1) in cyclohexane (1 g, 1.75 mmol; 15 mL) was added MeO
CC=CCO,Me (0.64 mL, 5.24 mmol) and the mixture stirred at 60
°C for 12 h. After removing the solvent under reduced pressure,
quantitative conversion into the new prodQ@atvas ascertained by
IH NMR spectroscopy. Yellow crystals @fwere obtained in 77%
yield by crystallization from hexareCH,Cl, (1:2) at—20°C. H
NMR (CDCl;, 25°C): 6 5.75, 5.61 (s, 2:1, 3 Ci), 4.73 (s, 2 H,
OHy), 3.77, 3.64, 3.07 (6 H each, 6 C@Me), 2.36, 2.34, 2.14,
2.05 (s, 1:2:2:1, 6 Mg). 13C{*H} NMR (CDCl;, 25°C): ¢ 175.8,

J 171.9, 165.8 CO.Me), 156.1, 135.9, 134.9CCO,Me), 155.9,
Figure 6. ORTEP for18 (30% ellipsoids). 151.9, 144.4, 143.7 (1:2:1:2,4%), 107.1 (CH,), 53.4, 52.0, 51.0
) . (COMe), 17.7, 13.7, 13.5, 12.7 (1:2:2:1, M IR (Nujol): v-
ochemistry at C(52) tha_lt was deduced f_rqrr_] NOESY experi- (OH) 3396 ¢, Anal. Calcd for GiHaBNgO1alr-CH,Cly: C, 40.1:
ments. A CQMe group is bonded to the iridium through the {4 3. N, 8.3. Found: C, 40.3: H, 4.3 N, 8.2.

carboxyl, and the kO(55) bond distance of 2.07 A is almost Complex 2CO. Compound2 was suspended in cyclohexane

equal to that found for the #O(R)H group in complexi3. (0.05 g, 0.053 mmol; 4 mL) and transferred into a Fiseteorter
Finally, in this complex the three-+tN(pyrazolyl) bond lengths  vessel, which was pressurized with CO (2 atm). After stirring at
are notably dissimilar depending on the nature of the gtauys 90 °C for 12 h, a pale brown precipitate was observed and the

to them: shorter (2.02 A) for the ester, intermediate (2.10 A) solvent was removed under reduced pressure. Quantitative conver-
for the alkenyl, and longer (2.18 A) for the hydride. sion into2-CO was ascertained b4 NMR spectroscopy, and the
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crude product was crystallized from a mixture of penta@&1,Cl,
(1:1) at—20 °C (pale yellow crystals)*H NMR (CDCls, 25 °C):
05.80, 5.75 (s, 2:1, 3 CH), 3.78, 3.66, 3.09 (6 H each, 6 C@
Me), 2.34, 2.33, 2.26, 2.16 (s, 1:2:2:1, 6 Me 3C{IH} NMR
(CDCl;, 25°C): 6 172.3, 167.6, 166.100,Me), 163.3 (CO), 154.9,
152.8, 144.4, 144.3 (1:2:1:24%), 144.9, 138.5, 138.50CO.Me),
107.7,107.2 (1:2, CK), 52.8, 52.4, 51.4 (CMe), 17.4, 14.9, 13.6,
12.8 (1:2:1:2, Mg). IR (Nujol): »(CO) 2066 cm?. Anal. Calcd
for CasHa0BNgO13Ir-0.5CH,Clo: C, 42.0; H, 4.2; N, 8.5. Found:
C, 42.3; H, 4.2; N, 8.6.

Complex 22NCMe. A solution of compoun® in NCMe (0.02
g, 0.021 mmol; 2 mL) was stirred at room temperature for 12 h.
After this period of time, the volatiles were removed in vacuum
and quantitative conversion in®NCMe was ascertained biH
NMR spectroscopy. Upon crystallization from hexai@H,Cl, at
—20°C, an analytically pure sample was obtained (yellow crystals).
H NMR (CDCls, 25°C): ¢ 5.73,5.65 (s, 2:1, 3 CH), 3.75, 3.63,
3.06 (s 6 H each, 6 CgMe), 2.47 (s, 3 H, MeCN), 2.34, 2.33,
2.20, 2.11 (s, 1:2:2:1, 6 Mg. **C{*H} NMR (CDCl;, 25°C): ¢
175.1, 169.8, 166.800;Me), 155.4, 151.6, 143.7,143.4 (1:2:1:2,
Cyp), 151.7, 136.3, 135.80CO,Me), 121.9 (NCMe), 107.1, 106.8
(2:1, CHy), 52.6, 52.0, 51.0 (CMe), 17.6, 14.4, 13.5, 12.8 (1:
2:1:2, Mg,,), 5.1 (NQVe). IR (Nujol): »(CN) 2246 cntt. Anal.
Calcd for GsH4sBN,Oqr: C, 43.9; H, 4.5; N, 10.2. Found: C,
43.7; H, 4.8; N, 9.8.

Complexes 5 and 6To a solution of T§e2ArPhy(N,) (4) in CeH12
(0.30 g, 0.45 mmol; 7 mL) was added Mg@C=CCO,Me (0.164
mL, 1.34 mmol) and the mixture stirred at 8C for 12 h. After
this period, a brown precipitate was formed and the volatiles were
removed in vacuum to give a crude solid consisting of a ca. 2:1
mixture of 5 and6 (*H NMR). Separation of the two compounds
was accomplished by column chromatography on silica gel, using
a 1:5 mixture of petroleum etheEt,O as eluent: 0.09 g (pale
yellow crystals) o6 (23%) and 0.16 g (yellow crystals) 6f(42%)
were obtained.

[r

H,0 Ra = Rg = CO,Me
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5. Ry = 0.12 [silica gel, petroleum etheEt,O (1:5)].*H NMR
(CDCls, 25°C): 6 7.20 (s, 4 H, 4 CH}), 5.69, 5.56 (s, 2:1, 3 Cl),
3.55 (s, 6 H, 2 C@Me (Rg)), 3.01 (s, 6 H, 2 CeMe (Ra)), 2.34,
2.32, 2.03, (s, 1:2:3, 6 Mg. The HO resonance has not been
located.’3C{*H} NMR (CDCls, 25°C): ¢ 176.0, 170.0 CO.Me
of Ra and R, respectively), 153.8, 151.3, 144.0, 142.7 (1:2:1:2,
Cyp), 142.9, 141.2CRa andCReg, respectively), 136.1 (§&), 131.0,
127.2 (CH,), 106.7, 106.4 (1:2, C}J), 51.8, 50.6 (CGMe of Rg
and R, respectively), 16.6, 13.4, 12.8, 12.4 (1:1:2:2, MlelR
(Nujol): v(OH) 3520 cnt?. Anal. Calcd for GsH40BNgOglr-Et,0:
C,47.1; H,5.3; N, 89. Found: C, 46.9;H,54; N, 9%1.R =
0.26 [silica gel, petroleum etheEt,0 (1:5)]. 'H NMR (CDCl;,
25°C): 0 7.39, 6.84, 6.59, 6.09 (d, t, t, d H each3Jyy ~ 8 Hz,

4 CHyy), 5.83,5.71, 5.59 (sl H each, 3 CH}), 4.58 (s, 2 H, Oh),
3.90, 3.70, 3.59, 3.04 (8 H each, 4 CeMe), 2.42, 2.41, 2.39,
2.27,1.44,1.26 (83 H each, 6 Mg). 13C{*H} NMR (CDCl;, 25
°C): 0 177.4, 175.9, 169.4, 164.Z0,Me), 161.6, 142.5, 131.2,
130.8 CCOMe), 154.5, 152.1, 150.1, 144.2, 143.7, 143.2,(C
143.2,126.5, 125.3, 122.5 (GH 139.5, 138.4 (&), 107.5, 107.3,
106.8 (CH,), 53.4, 52.2, 51.3, 50.4 (CW®le), 17.1, 13.4,13.1, 12.8,
12.4 (1:1:1:1:2, Mg). Anal. Calcd for GsHaoBNgOolr-E,O: C,
47.1; H, 5.3; N, 8.9. Found: C, 46.9; H, 5.3; N, 9.1.

Complex 5PMe;. Compounds was suspended in cyclohexane
(0.075 g, 0.086 mmol; 6 mL), and PMeas added (0.43 mL, 1 M
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solution in THF). The mixture was stirred at 8Q for 4 h, when

a pale yellow suspension was obtained and the volatiles were
removed under reduced pressure. Quantitative conversiorbinto
PMe; was ascertained bfH NMR (pale yellow solid).

[ir]

Ra = Rg = CO,Me
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IH NMR (CDCl;, 25°C): 6 7.42, 7.20 (m2 H each, AABB'
spin system, A and B, respectively), 5.74, 5.60 (s, 2:1, 30H
3.61 (s, 6 H, 2 CeMe (Rg)), 3.02 (s, 6 H, 2 CeMe (Ra)), 2.37,
2.29,2.17,2.11 (s, 2:1:2:1, 6 M 0.99, 0.45 (br s, 2:1 ratio (due
to restricted rotation of the ligand around the-R bond), 9 H,
PMey). 13C{1H} NMR (CDCl;, 25°C): ¢ 174.8, 172.0CO,Me of
Ra and Ry, respectively), 152.9, 152.3, 143.5, 143.0 (1:2:2:4,)C
1455 (Ga), 136.7, 134.4 (s, d2)cp = 7 Hz, CRg and CRa,
respectively), 132.0, 126.8 (GHand CH;, respectively), 107.6,
106.8 (s, d, 2:1%Jcp = 3 Hz, CH,,), 51.9, 50.8 (CGMede Rs and
Ra, respectively), 19.8, 18.3 (br d, 2:1 ratio (due to restricted
rotation of the ligand around the-+P bond)!Jcp = 36 Hz, PMe),
17.8, 16.4, 13.2, 13.1 (2:1:1:2, Mg 3P{'H} NMR (CDCls, 25
°C): 60 —62.9. Anal. Calcd for gH4;BNgOgPIr: C, 46.7; H, 5.1,

N, 9.1. Found: C, 46.6; H, 5.1; N, 9.1.

Complex 6PMe;. Compound6 was suspended in cylohexane
(0.070 g, 0.081 mmol; 7 mL), and PMwas added (0.4 mL, 1 M
solution in THF). The mixture was heated at 8D for 12 h, and
after this period of time the solvent was removed under reduced
pressure. Quantitative conversion iii¢®Mez was ascertained by
IH NMR, and an analytically pure sample was obtained by
crystallization from a mixture of hexanr€CH,Cl, at —20 °C (yellow
crystals).tH NMR (CDCl;, 25°C): ¢ 7.31, 6.79, 6.54, 6.45 (d, t,

t, d, 1 H each3Jyy ~ 7 Hz, 4 CH,), 5.85, 5.75, 5.53 (sl H each,
3 CH,,), 3.90, 3.73, 3.56, 2.92 (8 H each, 4 CeMe), 2.43, 2.41,
2.30, 2.29, 1.68, 1.08 (83 H each, 6 Mg,), 1.61 (br (due to
restricted rotation of the ligand around the-R bond), 9 H, PMg).
13C{H} NMR (CDCls, 25°C): ¢ 175.1,172.1, 168.4, 168.80-
Me), 153.0, 152.4, 150.6, 144.2, 143.5, 143.3 (s, d, S, SJep S
4 Hz, Gy, 148.0, 142.7, 136.8, 128.4 (s, d, s)J&= 7 Hz,CCO,-
Me), 145.9, 127.9, 126.2, 122.2 (GH 140.2, 136.8 (s, dlcp =
13 Hz, Ga), 108.4, 107.6, 107.4 (s, s, 3tp = 3 Hz, CHyy), 52.4,
52.2, 51.6, 50.6 (C@Me), 18.9 (br (due to restricted rotation of
the ligand around the P bond), PMg), 18.2, 18.2, 15.4, 13.2,
13.1 (1:1:1:2:1, Mg). 3P{*H} NMR (CDCl3, 25°C): 6 —58.1.
Anal. Calcd for GgH47BNgOgPIr: C, 46.7; H, 5.1; N, 9.1. Found:
C,46.2; H, 4.7; N, 8.9.

Complex 7.To a solution of compoungin CH,CI, (0.1 g, 0.107
mmol; 6 mL) was addeBuOOH (0.051 mL, 0.535 mmol) and
the mixture stirred at room temperature for 3 h. After this period
of time the solvent was removed under reduced pressure; several
portions of E3O were added to the residue and subsequently
evaporated, to force the elimination of the excess of peroxide.
Quantitative conversion into compoufdwas ascertained biH
NMR, and it was crystallized from hexar€H,Cl, (1:1) at—20
°C as a red microcrystalline solid in 75% vyield.

/
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Metallacycloheptatrienes of Iridium(lll)

H NMR (CDCl;, 25°C): 6 5.82, 5.66 (s, 1:2, 3 CfJ), 4.02,
3.75, 3.64, 3.23 (s, 1:1:2:2, 6 GRe), 2.45, 2.31, 2.02, 1.65 (s,
1:2:1:2, 6 Mg,). *)C{'H} NMR (CDCls, 25 °C): ¢ 209.3 (C),
172.3,168.6, 165.6, 163.3 (2:1:2@0,Me), 159.3, 128.2¢CO,-
Me), 156.6, 151.9, 144.1, 144.0 (1:2:2:14,§, 107.1, 106.9 (2:1,
CH,y), 73.3 (C), 53.9, 52.8, 52.4, 51.2 (1:1:2:2, GXDe), 17.8,
13.6, 13.2, 12.7 (1:1:2:2, Mg. Anal. Calcd for GsHacBNgOxlr:
C, 42.5; H, 4.3; N, 9.0. Found: C, 42.6; H, 4.4; N, 8.8.

Complex 8. (a) To a solution of compoun8 (0.01 g, 0.012
mmol) in CDC} (0.4 mL) was addeBuOOH (0.007 mL, 0.070
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~ 8 Hz, 4 CH,), 5.78, 5.73, 5.63 (<L H each, 3 CH}), 3.95, 3.94,
3.67, 3.27 (s3 H each, 4 C@Me), 2.49, 2.38, 2.37, 1.73, 1.50,
0.87 (s 3 H each, 6 Mg). 13C{*H} NMR (CDCls, 25°C): 6 209.4
(CYH, 173.7, 170.8, 165.4, 163.ZQ,Me), 162.7, 125.9CCO;-
Me), 154.1, 151.8, 150.8, 144.0, 143.4, 143.3,§-142.1, 130.0
(Cqa, 139.1, 126.2, 124.9, 123.3 (G} 107.2, 107.0, 106.7 (Gh),
76.3 (@), 53.3, 52.4, 51.9, 50.7 (CGWle), 17.4, 13.3, 13.0, 12.4,
12.4, 11.7 (Mg,). Anal. Calcd for GsH3gBNgOqlr: C, 45.7; H,
4.4; N, 9.7. Found: C, 45.1; H, 4.3; N, 9.7.

Compound 10.To a solution of comple%-PMes in cyclohexane

mmol), and the color of the solution changed from yellow to black (0.08 g, 0.086 mmol; 6 mL) was added®} (30%, 0.3 mL), and

immediately. Quantitative conversion irBavas ascertained by
NMR. (b) A solution of comple)s (0.020 g, 0.022 mmol) in CH

Cl, (5 mL) was placed in a FischePorter vessel, and the stirred

mixture was heated under 1 atm of @ 60°C for 2 days. The

the resulting mixture was heated at 18D for 3 days. After this

time, the solvent was evaporated under reduced pressure and the
titte compound was purified by chromatography on silica gel using
Et,O—hexane (3:1) as eluent and finally by crystallization from

volatiles were evaporated under vacuum, and quantitative conver-hexane-CH,Cl, (colorless crystals, 39% vyield). The NMR data

sion into8 was ascertained b{4 NMR. (c) A stirred suspension
of complex5 (0.010 g, 0.012 mmol) and 4@, (30%, 0.15 mL) in
cyclohexane (3 mL) was heated at 80 for 3 days. After this

time, the solvent was distilled off under reduced pressure dhtd a

NMR spectrum showed formation &fin 90% yield. Complex8

obtained forl0 matched those found in the literatife.

Complex 11.This compound was prepared from the bicyclic
ketone7, by addition ofBUOOH (5 equiv) to its CEKCI, solutions
and stirring at room temperature for 10 h. Nevertheless, it is more
practical to perform this synthesis starting from the precugor

could be purified by column chromatography on silica gel, using a without isolation of the intermediate speciés (a) To a solution

40:75 mixture of petroleum etheEt,O as eluent and subsequent

crystallization from hexaneCH,Cl, at —20 °C (black crystals).

. R,

Ra = Rg = CO,Me
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R: = 0.1 [silica gel, petroleum ethe&t,O (40:75)].*H NMR
(CDCls, 25°C): ¢ 7.43, 7.10, 6.51, 6.43 (d, dd, dd, H H each,
3Jun ~ 9 and 6 Hz, H, He, Hg, Hp, respectively), 5.69 (s, 3 H, 3
CHp,), 3.63 (s, 6 H, 2 CeMe (Rg)), 3.17 (s, 6 H, 2 CeMe (Ra)),
2.43,2.36, 1.78, 1.66 (s, 1:2:1:2, 6 pMe °C{*H} NMR (CDCl,,
25 °C): 6 208.1 (@), 171.6, 167.6 CO,Me of Ry and R,
respectively), 153.7, 151.2, 143.3, 142.9 (1:2:1@,)C152.6, 129.0
(CRa and CRg, respectively), 146.9, 146.5 (GHand CH,
respectivelylJcy = 162 and 170 Hz), 120.9, 120.4 (GHnd CH,
respectively }Jey = 170 and 167 Hz), 106.5, 106.2 (2:1, GH
65.9 (@), 52.0, 50.9 (C@Me of Rg and R, respectively), 15.8,
13.2, 12.6, 12.4 (1:1:2:2, Mg. Anal. Calcd for G3HzgBNgOqlr:
C, 45.7; H, 4.4; N, 9.7. Found: C, 45.1; H, 4.1; N, 9.6.

Complex 9.(a) To a suspension of compl&x(0.020 g, 0.023
mmol) in CDCk (0.5 mL) was addedBuOOH (0.04 mL, 0.47

of 2 in CHyCl, (0.2 g, 0.21 mmol; 10 mL) was addéBuOOH
(0.15 mL, 1.1 mmol), and the mixture was stirred at room
temperature for 12 h. The dark red solution was pumped off to
dryness, and the residue was treated with several portions©f Et
which were subsequently evaporated, in order to force the elimina-
tion of the peroxide. Quantitative conversion into compouid
was ascertained byH NMR. Red crystals of analytical purity were
obtained by cooling its solutions in hexan€H,Cl, (1:1) at—20

°C. Yield: 81%. (b) Compoun@ was dissolved in CkCl, (0.05

g, 0.053 mmol; 4 mL) in a FischefPorter vessel, which was
pressurized with @(1 atm). After stirring at 60°C for 24 h the
solvent was removed under reduced pressure andHhEMR
spectrum of the crude of the reaction showed formatiod Ioin
80% yield.

o R
R)é\o/ [ir]

R™C

H NMR (CDCl, 25 °C): 6 5.80, 5.60 (s, 2:1, 3 Ck), 3.89,
3.76, 3.69, 3.24 (s, 1:2:1:2, 6 GRde), 2.57, 2.48, 1.87, 1.19 (s,
1:2:2:1, 6 Mg,). ®C{H} NMR (CDCl, 25 °C): ¢ 229.3 (C),
177.2, 168.9, 165.2, 160.0 (2:1:2C10,Me), 163.2, 162.6 (& C),
154.8, 151.6, 145.2, 144.8 (2:1:2:14,@, 143.0 (G), 107.9, 105.7

mmol). The resulting mixture was kept at room temperature, and (2:1, CHy), 53.2, 53.1, 52.1 (2:1:3, G@e), 14.4, 13.5, 12.9 (2

IH NMR monitoring revealed quantitative formation of compfex
after 4.5 h. (b) A suspension of compl6x0.020 g, 0.023 mmol)
in cyclohexane (10 mL) was transferred into a Fisetfeorter

vessel, which was pressurized with (3 atm). After 12 h at 60

1:3, Mgy,). Anal. Calcd for GsH4BNgOw4lr: C, 41.8; H, 4.2; N,
8.9. Found: C, 41.6; H, 4.2; N, 8.7.

Complex 12.To a solution of compoun® in CH,Cl, (0.1 g,
0.11 mmol; 6 mL) was adde@®uOOH (0.3 mL, 2.2 mmol) and

°C, the volatiles were removed in vacuum and the mixture formed the mixture stirred at room temperature for 30 h. After this period
was purified by column chromatography (silica gel) to give of time, the solvent was removed under reduced pressure; several

compound9 in 40% vyield (red crystals).

fir]

R = CO,Me

Rs = 0.22 [silica gel, petroleum etheEt,O (40:75)].*H NMR
(CDCl;, 25°C): 0 6.97, 6.88, 6.70, 6.66 (d, t, t, d H each3Jyy

portions of E3O were added to the residue and subsequently
evaporated, to force the elimination of the excess peroxide, and
guantitative conversion into compoui@ was ascertained biH
NMR. The residue was crystallized by the slow diffusion of hexane
into a dichloromethane solution at20 °C (red crystals).

o

R7c

R = CO,Me

CcsR
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H NMR (CDCl;, 25°C): 6 8.12,7.12, 7.03,6.60 (d, t, t, d, 1
H each,Jyy ~ 8 Hz, 4 CH,), 5.80, 5.77, 5.60 (sl H each, 3
CHpy), 4.05, 3.79, 3.64, 3.29 (8 H each, 3 CeMe), 2.56, 2.52,
2.49,1.84,1.26,0.79(8 H each, 6 Mg). 3C{*H} NMR (CDCl,,
25°C): 0 255.0 (G), 181.1, 170.4, 163.2, 160.CO,Me), 177.9
(IrCqa), 137.0 (Ga), 163.8, 163.7 (& C*, 153.4, 153.2, 151.0,
144.7,144.0 (1:1:1:2:1,4,), 141.8 (C), 142.1, 135.3, 128.6, 126.3
(CHay), 108.3, 106.8, 106.2 (Gf), 52.8, 52.7, 51.7, 51.5 (GWle),
13.9, 135, 13.3, 12.9, 12.7, 12.6 (Me Anal. Calcd for GgHas-
BNgOiolr-CH,Cl: C, 42.2; H, 4.1; N, 8.7. Found: C, 42.3; H,
3.9; N, 8.9.

Complex 13.When compound2was passed through a column
of silica gel, using a mixture of hexan€&t,O (1:2) as eluent, an
orange band was collected, which contained compdiLBidifter

evaporation of the solvent, the orange residue was crystallized by

slow diffusion of hexane into a dichloromethane solution at room
temperature in 42% vyield (orange crystalR).= 0.38 [silica gel,
hexane-Et,O (10:1)].*H NMR (CDCls, 25°C): ¢ 8.10, 6.98, 6.94,
6.83 (d, t, d, t1 HeachiJuy ~ 7 Hz, 4 CH,), 5.82, 5.72, 5.60 (s,
1 H each, 3 CH),), 4.02, 3.64, 3.39 (3 H each, 3 CgMe), 2.42,
2.40, 2.35, 2.32, 1.62, 1.13 & H each, 6 Mg). The OH resonance
was not located*C{H} NMR (CDCl;, 25°C): 6 176.1, 172.8,
171.1 COMe), 161.4, 135.8 GuelCOMe), 152.6, 151.4, 151.1
(Cqpn), 143.9, 143.6, 143.5, 143.2 {& Cua), 138.2 (Ga) 137.7,
124.7,122.1, 121.9 (Cl, 107.1, 106.7 (2:1, CH), 98.4 (COH),
53.4,51.8,50.9 (CMe), 17.2,14.4,13.2,12.5,12.4, 12.3 (Me
IR (Nujol): »(OH) 3380 cnrl.

Formation of 12 from 13. To a solution of compoun3 (0.02
g, 0.04 mmol) in pyridine (6 mL) was added an excess of CIC-
(O)CO:Me in pyridine. The resulting mixture was stirred for 18 h
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106.2 (2:1, CH), 90.6 COMe), 57.0, 52.2, 50.9 (1:2:2, GMe),
55.9 (CMe, Yoy = 144 Hz), 15.9, 13.2, 13.1, 12.5 (1:1:2:2, Me
Complex 15HBF,. To a solution of compound5 in Et,0O—
CH.Cl, (1:1) (0.02 g, 0.023 mmol; 4 mL) was added a drop of
HBF, (54% weight in E20), and the resulting solution was stirred
at room temperature for 3 h. The orange solution was dried in
vacuum, and quantitative conversion idteHBF, was ascertained
by IH NMR. ™H NMR (CDCls, 25 °C): ¢ 5.78, 5.60 (s, 2:1, 3
CH,y), 4.09, 3.80, 3.20 (s, 1:2:2, 5 GRe), 3.62 (s, 3 H, OMe),
2.40, 2.38, 1.78, 1.50 (s, 2:1:2:1, 6 pe *°3C{*H} NMR (CDCl,,
25°C): 0 179.9, 171.7, 171.6 (1:2:Z0,Me), 152.9, 152.8 (G,
CCOMe), 151.2, 144.1, 1435 (2:1:2,4%), 134.4 CCOMe),
106.8, 106.7 (2:1, CK), 91.6 COMe), 57.5, 57.4 (C®le, CO,Me),
54.2,51.8 (CQMe), 14.7, 13.4, 13.2, 12.8 (1:1:2:2, M
Complex 16.Compound? was suspended in cyclohexane (0.05
g, 0.053 mmol; 4 mL) and transferred into a FischBorter vessel,
which was pressurized withH{3 atm). The mixture was stirred at
60 °C for 10 h, and after this period of time the volatiles were
removed under vacuum. Al NMR spectrum of the crude of the
reaction showed quantitative conversion into compol@dvhich
was crystallized from a mixture of hexan€H,Cl, (1:1) at—20
°C in 40% yield (yellow crystals).

fir]

1H NMR (CDCl, 25°C): ¢ 5.71, 5.60 (s, 2:1, 3 CH), 4.44,

at room temperature, and after this period the solvent was 3.32 (d 1 H each2Jyy = 20.9 Hz, CH), 3.83 (s, 3 H, GO,Me)
evaporated under vacuum. The solid residue was treated with ag 70 '3 66, 3.61, 2.95, 2.81,(8 H each, 5 CeMe), 2.40, 2.31

mixture of CHCl,—H,0, and the organic phase was separated, dried 5 30 218 2.09 2.07 (8 H each, 6 Mg). 13C{*H} NMR (CDCls

with MgSQO,, and filtered. After removal of the solvent under
reduced pressure, tHél NMR spectrum of the residue revealed
the presence of compour® in almost pure form.

Complex 14.To a solution of compountilin THF (0.1 g, 0.106
mmol; 3 mL) were added a few crystals ptoluenesulfonic acid
and some water{10 drops). The red resultant mixture was stirred
at room temperature, and after 2.5 h the solution turned yellow.

25°C): 6 197.8 (G), 181.2, 177.1, 170.5, 168.3, 1670@;Me),
156.5, 151.1, 149.8, 144.4, 143.9, 142.9,(};144.8, 138.6, 135.0,
134.5 CCO,Me), 109.6, 108.6, 107.5 (G}, 56.4 (CO,Me), 52.5,
52.3, 50.8 (1:2:2, CgMe), 53.5 (CH, WJcy = 133 Hz), 17.0 (&),
15.3, 15.1, 13.6, 13.3, 13.3, 12.8 (Me IR (Nujol): »(COMe)
1716 (br) cni™. Anal. Calcd for GsH4BNgO1alr: C, 43.2; H, 4.6;
N, 9.2. Found: C, 43.5; H, 4.7; N, 8.6.

The solvent was evaporated under reduced pressure, the residue Complex 17.Compound was suspended in cyclohexane (0.250

was dissolved in CKCl,, dried with NaSO,, and centrifuged, and
the solvent was evaporated. TH& NMR spectrum of the residue
showed the presence of a mixture in which comgléxvas present.
This complex was isolated by column chromatography on silica
gel using a mixture of EO—ACOEt (10:1)— AcOEt as eluent
(yield: 10%, yellow solid)*H NMR (CDs;OD, 25°C): ¢ 5.65 (s,
3 H, 3 CH,), 3.68, 3.65, 3.29 (s, 2:1:2, 5 GRe), 2.38, 2.35,
2.27,1.57 (s, 1:2:2:1, 6 Mg. The OH signal has not been located,
and the resonances corresponding toghrs-toluenesulfonic acid
are not reported:3C{H} NMR (CDsOD, 25°C): 6 179.1, 174.6,
169.5 (2:1:2CO.Me), 161.3, 149.7¢COMe), 154.2, 151.8, 143.7,
142.9 (2:1:1:2, &), 107.2, 106.0 (2:1, CH), 99.6 (COH), 52.1,
51.9, 51.1 (1:2:2, CeMe), 14.8, 14.3, 13.0, 12.5 (1:2:1:2, M
The signals corresponding to tpara-toluenesulfonic acid are not
reported.

Complex 15.To a solution of compoundl in methanol (0.02

g, 0.021 mmol; 0.5 mL) were added a few crystals mwf
toluenesulfonic acid. The solution was stirred at’60for 2 h and

g, 0.288 mmol; 6 mL) and transferred into a FischBorter vessel,
which was pressurized withH{3 atm). The mixture was stirred at
60 °C for 24 h, when a pale yellow precipitate was observed, and
the volatiles were removed under reduced pressure. The yellow
residue was dissolved in a mixture o£8tCH,Cl, (1:1), and the
resulting solution was cooled at20 °C to givel7 as a pale yellow
solid in almost quantitative yield.

Ra = Rg = CO,Me

MeO

IH NMR (CD.Cl,, 25°C): ¢ 7.19, 7.12, 7.04 (m, d, d, 2:1:1,
3Jun ~ 7 Hz, 4 CH,), 5.83, 5.80, 5.53 (sl H each, 3 CH), 4.53,
2.54 (d 1 H each2Jyy = 20.8 Hz, CH), 3.83 (s, 3 H, @O;Me),

cooled at room temperature. An orange solid precipitated, which 3.75, 3.00 (s3 H each, C@Me of Rg and R,, respectively), 2.80
was separated from the mother liquor and dried under vacuum (s, 3 H, CCO,Me), 2.47, 2.40, 2.39, 2.20, 2.17, 1.46 3sH each,

(yield: 15%, orange solidfH NMR (CDCls, 25°C): 6 5.71, 5.65
(s, 2:1, 3 CH,), 4.06, 3.74, 3.18 (s, 1:2:2, 5 GRle), 3.55 (s, 3 H,
OMe), 2.40, 2.35, 1.79, 1.78 (s, 1:2:2:1, 6 Me'*C{'H} NMR

(CDCls, 25 °C): ¢ 179.5, 172.0, 167.5 (1:2:1,0,Me), 154.2,
151.0, 143.3, 143.2 (1:2:2:146), 147.9, 135.0€COMe), 106.5,

6 Mey,). B°C{*H} NMR (CD,Cl,, 25 °C): ¢ 197.3 (G), 182.8
(C2COMe), 177.7, 171.1CO,Me of Ry and R, respectively),
155.4, 150.6, 150.3, 144.5, 144.4, 142.8,4 145.8, 136.3 (Ga),
139.8, 128.8 (GRs and GieRa, respectively), 128.4, 128.0, 125.5,
125.3 (CH,), 109.0, 108.1, 107.2 (G}, 56.2 (CO,Me), 55.2 (CH,
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ey = 130 Hz), 52.2, 50.7 (CéMe of Rg and R, respectively),
50.6 (CCO:Me), 19.5 (C), 14.8, 14.4,13.5, 13.3, 13.0, 12.6 (Me
Complexes 18 and 19Compound3 was suspended in cyclo-
hexane (0.6 g, 0.76 mmol; 10 mL) and transferred into a Fiseher
Porter vessel, which was pressurized with(Blatm). The resulting
mixture was stirred at 90C for 24 h, and after this period of time
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each, 4 C@Vle), 3.53 (dd, 1 H2Jag = 18.4 Hz, H\), 2.99 (dd, 1
H, Hg), 2.39, 2.35, 2.33, 2.18, 2.05, 1.75 &H each, 6 Mg),
—20.98 (s, 1 H, lr-H). 3C{'H} NMR (CDCl;, 25 °C): 6 182.8,
176.7,173.1, 164.400,Me), 169.4 (@), 153.5, 151.3, 150.5, 143.6,
143.4, 142.9 (&), 122.8 (C), 106.2, 105.6, 105.5 (Gh), 55.5,
51.8, 51.3, 50.2 (CgMe), 48.8 (CH;, ey = 128 Hz), 32.8

a pale yellow precipitate was formed and the solvent was evaporated(CHaHg, 1Jcn = 136 Hz), 17.2, 13.9, 13.3, 13.0, 12.5, 12.3 (Me
to dryness. AH NMR spectrum of the crude of the reaction showed IR (Nujol): v(Ir—H) 2167 cnt!. Anal. Calcd for GsH3gBNgOglr:

formation of complexed8 and 19, in a 7:3 ratio, as the main

C, 41.7; H, 4.9; N, 10.8. Found: C, 41.7; H, 4.9; N, 10.6.

products. Separation of these two compounds was accomplished X-ray Structure Determination. X-ray data of complexeg,
by column chromatography on silica gel, using a 1:1 mixture of 8, 11, 12, 13, and18 (the following compounds were solvate2:

hexane-Et,O as eluent18, 32% vyield, pale yellow crystalst9,
10% vyield, pale yellow crystals).

R
1
M
H/\ \C R <«—> noe
[o]
He R = CO,Me
MeO
. "R
Ha H

18 R = 0.34 [silica gel, hexaneEt,O (1:3)].*H NMR (CDCls,
25°C): 0 5.76, 5.74, 5.67 (sl H each, 3 Ck}), 4.74 (dd, 1 H,
3Jca = 10.9,3Jcg = 6.0 Hz, H), 4.46 (dd, 1 H32Jga = 14.3 Hz,
Hg), 3.84, 3.70, 3.64, 3.13 (8 H each, 4 CgMe), 2.97 (dd, 1 H,
Ha), 2.40, 2.34, 2.33, 2.16, 2.03, 1.85 8H each, 6 Mg), —20.70
(s, 1 H, Ir=H). 13C{*H} NMR (CDCls, 25°C): ¢ 182.9, 178.1,
171.8, 163.5C0O,Me), 169.4 (@), 153.5, 151.3, 150.4, 144.0, 143.6,
142.5 (Gpy), 121.0 (C), 106.5, 105.6, 105.5 (GH), 55.0, 51.8,
51.6, 50.2 (CGMe), 43.7 (CH;, Wy = 134 Hz), 30.9 (CHHsg,
e = 134 Hz), 17.2, 13.8, 13.0, 12.5, 12.4 (1:1:2:1:1, ,MelR
(Nujol): v(Ir—H) 2167 cntl. Anal. Calcd for G;H3sBNgOglr: C,
41.7; H, 4.9; N, 10.8. Found: C, 41.7; H, 4.8; N, 10.8.

19. R = 0.41 [silica gel, hexaneEt,O (1:3)].*H NMR (CDCls,
25°C): 0 5.72, 5.68, 5.27 (sl H each, 3 CH), 5.04 (dd, 1 H,
3Jca = 11.7,3)cg = 3.4 Hz, H), 3.85, 3.72, 3.60, 3.18 (s, 3 H

H,0-CHCls, 11:0.25CHCI,, 12-CH,Cl,) were collected on Bruker
CCD area detector diffractometers using graphite-monochromated
Mo Ko radiation ¢ = 0.71073 A) and 0.3w-scan frames covering
complete spheres of the reciprocal space Wit = 25—30°. After

data integration with the program SAINT corrections for absorption,
Al2 effects, and crystal decay were applied with the program
SADABS?* The structures were solved by direct methods, ex-
panded by Fourier syntheses, and refined=-8mvith the program
suite SHELX97% All non-hydrogen atoms were refined anisotro-
pically. Most H atoms were placed in calculated positions and
thereafter treated as riding. A torsional parameter was refined for
each pyrazole-bound methyl group. The hydride H atorh8was
refined inx,y,z and Ujs, without restraints. Moderate disorder in
11-0.25CHCI; (solvent and two COOMe groups) was taken into
account. Crystal data and experimental details are given in Table
1.
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