Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on February 24, 1998 on http://pubs.acs.org | doi: 10.1021/0m970925w

1116

Organometallics 1998, 17, 1116—1121

p-, o-p*-Benzoquinone and the Related n°-Hydroquinone,
n%-Catechol Complexes of
Pentamethylcyclopentadienyliridium: Synthesis,
Structures, and Reactivity

Jean Le Bras and H. Amouri*

Ecole Nationale Supérieure de Chimie de Paris, URA CNRS 403, 11 rue Pierre et Marie Curie,
75231 Paris Cedex 05, France

Jacqueline Vaissermann

Laboratoire de Chimie de Métaux de Transition, URA CNRS 419, Université Pierre et Marie
Curie, 4 Place Jussieu, 75252 Paris Cedex 05, France

Received October 23, 1997

Treatment of hydroquinone with [Cp*Ir(solvent)s][BF4]. (1) in acidic medium afforded the
stable w-bonded complex [Cp*Ir(58-hydroquinone)][BF.]. (2) in 93% yield. Complex 2 can
be easily deprotonated by a base to give the related [Cp*Ir(»°-semiquinone)][BF,] (3) and
[Cp*Ir(y*-p-benzoquinone)] (4) compounds, identified by spectroscopic methods. Further,
the X-ray molecular structure of p-benzoquinone iridium complex 4 is reported; such
compounds are rare in the literature. Complex 4 reacts with an excess of HBF4-Et,O to
give the starting material 2 quantitatively. Interestingly, the chemical transformations from
2 to 4 and vice versa occur with facile reversible changes of the oxidation state from Ir(l111)
to Ir (I). On the other hand, the oxo—dienyl iridium complex [Cp*Ir(°-2,6-dimethoxy-CsH30)]-
[BF4] (5), identified by spectroscopic methods and X-ray analysis, reacts with NaOMe in
methanol to give unexpectedly but reproducibly the substituted o-benzoquinone iridium

compound [Cp*Ir{#*(3-methoxy)-0-benzoquinone}] (6). The solution behavior and the
reactivity of 6, as well as a rationale explaining its formation, is advanced.

Introduction

Sternberg, Markby, and Wender reported in 1958 the
first duroquinone complex [Fe(CO)s(n*-duroquinone)]
(duroguinone = 2,3,5,6-tetramethyl-1,4-benzoquinone).t
Since then, the coordination chemistry of z*-duro-
quinone and substituted 7*-benzoquinone have received
intense investigation.2~7 For instance, Liebeskind and
co-workers reported a high-yield synthetic procedure for
the preparation of substituted 5*-benzoquinone and r*-
naphthaquinone metal complexes.8=19 Unlike #*-duro-
qguinone complexes, the z-complexation of the sensitive
benzoquinone ligand has attracted less attention; this
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is due in part to the absence of a simple synthetic
procedure for such w-complexes.

It has been reported that the deprotonation of the
parent hydroduroquinone metal complexes leads di-
rectly to the corresponding #*-duroquinone compounds.®
Unfortunately the 78-hydroquinone metal complexes are
not well-known in the literature. For instance, (35-
hydroquinone)Cr(CO)s is reported to be a heat- and air-
sensitive compound and is identified spectroscopically
but cannot be isolated as a pure solid.1? However,
recently, Sweigart and co-workers reported the synthe-
sis of [5%-hydroquinone Mn(CO)3][PFs], via arene dis-
placement reaction from [(38-acenaphthene)Mn(CO)s]*
and hydroquinone.!?

The above reasons stimulated us to study the z-com-
plexation of hydroquinone by the [Cp*Ir(solvent)s][BF]2
(1) moiety. The latter is an electron-rich fragment and
is well-known to stabilize sensitive ligands, providing
stable [Cp*Ir(;8-arene)][BF4]. complexes.513

In this paper, we report a high-yield synthesis of
[Cp*Ir(55-hydroquinone)][BF4]. (2) from direct treat-
ment of the solvated iridium complex [Cp*Ir(solvent)s]-
[BF4]2 (1) with hydroquinone. Complex 2 can be depro-
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tonated by the appropriate base to give the related 7°-
semiquinone (3) and the #*-p-benzoquinone (4) iridium
complexes (p = para). Treatment of 4 by HBF4-Et,0
guantitatively gave back the parent complex [Cp*1r(55-
hydroquinone)][BF4]2 (2). These deprotonation/proto-
nation reactions were found to be reversible for the
iridium series. Further, the X-ray structure of [Cp*Ir-
(7*-p-benzoquinone)] (4) was determined and shows that
the quinone ligand adopts a boat conformation.

On the other hand, we have found that treatment of
the phenoxide complex [Cp*Ir(3°-2,6-dimethoxy-CsH30)]-
[BF4] (5) with NaOMe in methanol afforded unexpect-
edly but reproducibly the substituted 7*-0-benzoquinone
iridium complex [Cp*Ir{7*-(3-methoxy)-0-benzoquino-
ne}] (6) in 62% yield (0o = ortho). It is noteworthy that
there are few complexes of *-0-benzoquinone reported
in the literature, where the ligand is z-bonded to the
metal center via a carbon—carbon z-network.#=1¢ In
this paper, we also report the chemistry and solution
behavior of this novel stable 7*-0-benzoquinone iridium
complex 6. Part of this work has been published as a
preliminary communication.t’

Results and Discussion

Synthesis, Solution Behavior, and Reactivity of
[Cp*Ir(n8-hydroquinone)][BF.]. (2) and [Cp*Ir(p*-
p-benzoquinone)] (4). Attachment of the [Cp*Ir
(solvent)s][BF4]2 (1) unit, prepared in situ, to the
aromatic ring of the hydrogquinone was accomplished in
acetone/THF (Scheme 1). Subsequent treatment with
HBF4-Et,0 in CH3CN afforded the dicationic #%-hydro-
quinone iridium complex [Cp*1r(55-hydroquinone)][BF4].
(2) as a white microcrystalline solid in 93% yield.
Complex 2 was identified by 'H and 3C NMR spectros-
copy and elemental analysis.

The white compound 2 was found to be moisture
sensitive and should be kept under argon. Further, the
complex [Cp*Ir(n®-hydroquinone)][BF]. (2) showed the
tendency to lose its phenolic proton; therefore, the NMR
spectra of 2 were performed in an acidic medium (see

Nl
q

+ BE,

-H+ /tBuOK

H+ BF, .Et,0 {Clrbl

4

Experimental Section). This phenomenon is not sur-
prising since the [Cp*Ir]?" fragment dramatically in-
creases the acidity of the n®-hydroquinone relative to
that of the free molecule, as previously observed for the
related phenol complex [Cp*Ir(;78-phenol)][BF4]2.18 Fur-
ther, the analogous dicationic cobalt complex [Cp*Co-
(n8-hydroduroquinone)][BF4]. was also found to depro-
tonate easily in solution, even during recrystallization.®
This behavior stimulated us to study the properties and
stability of complex 2 in acidic and basic media.

When a CD3CN solution of [Cp*Ir(5®-hydroquinone)]-
[BF4]2 (2) was exposed to an excess of tBuOK, a yellow
color formed rapidly. The 'H NMR of the sample shows
the total disappearance of 2 and formation of the related
n®-semiquinone and n*-quinone iridium complexes (3
and 4) (Scheme 2). When the reaction was allowed to
continue, complete deprotonation occurred, exclusively
yielding the n*-quinone complex [Cp*Ir(1*-p-benzoquino-
ne)] (4). The latter can be prepared quantitatively and
isolated as a light yellow microcrystalline solid. Fur-
ther, the molecular structure of 4 was identified by
X-ray analysis (vide infra). When complex 4 was
protonated by HBF4-Et,O in CH3CN, the parent com-
plex 2 was recovered in quantitative yield. The proto-
nation/deprotonation reactions were found to be revers-
ible without showing any minor decomposition of the
iridium complexes.

At this stage, a brief comment on these s-complexes
of iridium is adequate. The remarkable stability of
these complexes 2—4 is no doubt related to the nature
of the “Cp*Ir” moiety, which helps to stabilize the
different coordination modes, 7%, %% and 7%, of the
sensitive quinone family of ligands. We also note that
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Table 1. Crystal Data for 4 and 5
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formula
fw

a(A)

b (R)
c(R)

o (deg)
$3 (deg)
v (deg)
V (A3)
Z

cryst syst

space group

linear abs coeff 4 (cm™1)
density p (g cm™3)
diffractometer
radiation

scan type

scan range (deg)

6 limits (deg)

temp of measment
octants collcd

no. of data collcd

no. of unique data collcd

no. of unique data used for refinement

R =3 IFol = [IFcll/X|Fol

Ru? = [Xw(|Fo| — |Fc|)2/zWF02]l/2

abs corr

ext param
goodness of fit s
no. of variables
Apmin (€ A_S)
Apmax (e A9

Ci16H19021r-2H,0

C13H2403|I”BF4

471.6 567.4
14.032(2) 7.158(6)
15.578(4) 24.056(5)
14.474(3) 22.525(6)
90 90

90 92.24(4)
90 20
3163.7(2) 3876(3)

8 8
orthorhombic monoclinic
Pbca P21/n
84.2 69.1

1.98 1.95

CAD4 Enraf-Nonius
Mo Ko (4 = 0.710 69 A)
wl260

0.8 +0.345tan 6

MACHS3 Enraf-Nonius
Mo Ko (A = 0.710 69 A)
wl20

0.8 +0.345tan 6

2-21 1-25
room temp room temp
0—18; 0—20; 0—19 0—8; 0—28; —26 to 26
4276 7614

3819 6824

2659 3684
0.0326 0.0668
0.0347 0.0762

¥ scan

109 <Tr>

1.03 <Tr>

192 477

—1.46 —2.43

0.93 2.16

aw =wWT[1 —((||Fol — |Fcl|)/6s(Fo))?]2 with w' = 1/S,A/T(X) with 3 coefficients —9.39, —4.72, 7.13 for compound 4, 5.84, —0.74, 4.25 for

compound 5—for a Chebychev Serie, for which X is Fy/Fo(max).

the reversible deprotonation/protonation reactions occur
via changes of the oxidation state from Ir(l1l) to Ir(l)
and inversely.

X-ray Molecular Structure of [Cp*Ir(y*-p-benzo-
quinone)] (4). Suitable crystals of 4 were obtained by
recrystallization from a CH3;CN/Et,O solution. Al-
though several X-ray structures of n*-duroquinone
complexes were reported in the literature,4191° those
of simple 7*-p-benzoquinone are rare.?® Complex 4
crystallizes with two molecules of water in the ortho-
rhombic space group Pbca. Figure 1 shows a Cameron
view of 4 with the atom-numbering system, and crystal-
lographic data collection parameters are listed in Table
1.

The structure shows that the Cp*Ir fragment is
indeed coordinated to only four carbons of the quinone
ligand, whereby the distance from the metal to the
centers of the -bonded carbons is 1.69 A for the quinone
and 1.81 A for #5-CsMes. Further, the quinone ligand
acquires a boat-like conformation with dihedral angles
across C2—C6 and C3—C5 of almost 16°. These angles
are smaller than those reported for neutral and cationic
rhodium complexes of #*-duroquinone, which lie in the
range of 20—28°.1°

Synthesis, X-ray Structure, Solution Behavior
and Reactivity of [Cp*Ir(s*-3-methoxy-o-benzo-
quinone)] (6) and [Cp*Ir(n%-3-methoxy-catechol)]
(7). We recently reported a novel system for regio-
selective ortho-functionalization of phenols,?! tetralols,

(19) Valderrama, M.; Scotti, M.; Ganz, R.; Oro, L. A.; Lahoz, F. J.;
Foces-Foces, C. Cano, F. H. J. Organomet. Chem. 1985, 288, 97.

(20) Aleksandrov, G. G.; Gusev, A. |.; Khandkarova, V. S.; Struch-
kov, Yu. T.; Gubin, S. P. Chem. Commun. 1969, 748.

(21) Le Bras, J.; Amouri, H., Vaissermann, J. Organometallics 1996,
15, 5706.

C16

Figure 1. X-ray molecular structure of [Cp*Ir(»*-p-ben-
zoquinone)] (4) with atom-numbering system. Selected
bond distances (A) and angles (deg): Ir1—C2 = 2.188(6),
Irl-C3 = 2.182(6), Ir1-C5 = 2.192(6), Irl1-C6 =
2.218(6), O1—-C1 = 1.252(8), 02—C4 = 1.260(8), C1-C2 =
1.45(1), C1-C6 = 1.449(9), C2—C3 = 1.434(9), C3—C4 =
1.45(1), C4—C5 = 1.43(1), C5—C6 = 1.456(9); C2—C1-C6
= 111.9(6), C3—C4-C5 = 112.0(6), C1-C2-C3 =
123.2(6), C2—C3—C4 = 122.3(6), C4—C5—C6 = 123.6(6),
C5—C6—C1 = 121.4(6).

and steroids?? promoted by the Cp*Ir fragment and
using NaOMe as the attacking nucleophile (Scheme 3).
The procedure consists of three steps: (a) placement of
the Cp*Ir moiety at the aromatic ring, followed by
treatment with NEts affords the (oxocyclohexadienyl)-
iridium complexes. (b) The latter react with NaOMe

(22) Le Bras, J.; Rager, M. N.; Besace, Y.; Vaissermann, J.; Amouri,
H. Organometallics 1997, 16, 1765.
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Scheme 3. Nucleophilic Ortho-Functionalization of Phenols

OH
OH Nu
______________________________ -
Nucleophilic phenol
functionalization
[Cp*IrS,][BF,], I, | -[Cp*Iry]y
0 7 + 0o Nu
(J = ()
Cp*Ir‘\\\ Cp*Ir‘\\\
Scheme 4

T * BF,

MeO, /0
: OMe

: NaOMe
Ir
C‘) -"MeOMe"
5

in methanol to give the »*-dienone compounds. (c)
Subsequent oxidative decomplexation by iodine provides
the ortho-substituted phenols, along with the starting
organometallic material recycled in the form [Cp*Ir(u-
NHi..

To direct the nucleophilic attack of NaOMe to the
para-position of the complexed oxo-;°-dienyl moiety, we
chose to study the reactivity of the model complex
[Cp*1r(5°-(2,6-dimethoxy)-CsH30)][BF4] (5). In this com-
pound, the two ortho-positions are substituted; there-
fore, one might favor an attack elsewhere on the
complexed oxo-z5-dienyl fragment. Complex 5 was
completely characterized by spectroscopic methods and
elemental analysis. The 13C NMR of 5 recorded in CDs-
CN gave the expected signals, however, the C=0
function of the 75-oxo—dienyl unit appeared unexpect-
edly at 151.20 ppm. This value is low compared to those
reported for the C=0O functions of other oxo—dienyl
iridium complexes, which usually appear in the range
of 162—167 ppm. This unexpected result stimulated us
to determine the X-ray structure of [Cp*Ir(°-(2,6-

dimethoxy)-CgH30]* (cation of 5) with atom-numbering
system. Selected bond distances (A) and angles (deg): Ir1—
C2 = 2.31(2), Ir-C3 = 2.22(2), Ir1—-C4 = 2.17(2), Ir1-C5
=2.27(2), Ir1-C6 = 2.37(2), Ir1—C9 = 2.17(2), Ir1-C10 =
2.17(2), Ir1—C11 = 2.19(2), Ir1—C12 = 2.16(2), Ir1—-C13
= 2.20(2); C2-C1-C6 = 113.6(19), C2—-C1-0O1 =
122.3(24), C6—C1-01 = 123.3(24), C3-C4-C5 =
122.2(23).

dimethoxy)-CsH3O)][BF4] (5). Crystals of 5 were ob-
tained by slow crystallization from a CH3;CN/Et,0
solution. Compound 5 crystallizes in the monoclinic
space group P2;/n; there are two independent molecules
in the unit cell. Figure 2 shows a view of the cation
[Cp*Ir(n®-(2,6-dimethoxy)-CeH30)]" with the atom-

Scheme 5. Proposed Mechanism for the Formation of [Cp*Ir(y*-(3-methoxy)-0-benzoquinone] (6)

[Ir] = Cp*Ir
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Scheme 6
2+ 2BF,

MeO 0
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numbering system, and crystallographic data collection
parameters are listed in Table 1.

The structure shows that the Cp*Ir unit is coordi-
nated to only five carbons of the oxo—dienyl unit with
Ir(1)—C(2—6)(average) = 2.27 A, while the Ir(1)—C(1)
bond distance is 2.58 A. Another important feature of
this structure is the C(1)—0(1) bond distance of 1.24(3)
A, which is longer than those reported for the analogous
iridium oxo—dienyl complexes [Cp*Ir(5°-(3,5-dimethyl)-
CsH30)][BF.] (8) {d(C(1)—0(1)) = 1.23 A} and [Cp*Ir-
(7°-C18H2302)1[BF4] (9) {d(C(1)-O(1)) = 1.19 A}. The
dihedral angle 0 between the C(1)—C(2)—C(6) plane and
the rest of the oxo—dienyl unit is 14°; this angle 6 is
smaller than that reported for 8 (§ = 19°) and 9 (60 =
23°). In conclusion, the X-ray data show that the
ketonic character of C=0 in 5 is less pronounced
relative to the analogous iridium complexes 8 and 9;19:20
therefore, the X-ray data are in accord with 13C NMR
values obtained in solution for complex 5.

Treatment of complex 5 by NaOMe in methanol gave,
after reaction workup, the 3-methoxy-0-benzoquinone
iridium complex [Cp*Ir(;7*-(3-methoxy)-CeH302)] (6),
isolated in 62% yield. Complex 6 is presumably ob-
tained via (a) attack of the MeO— at the methyl group
of one the methoxy groups and not on the complexed
oxo—dienyl moiety, and (b) subsequent loss of “MeOMe”
provides the substituted 3-methoxy-o-benzoquinone iri-
dium complex 6 (Scheme 4). This unexpected chemical
transformation that leads to 6 could be attributed to the
cationic nature of Cp*Ir which enhances the attack at
the methyl group (—CHp3) by stabilizing the intermediate
complex formed during the nucleophilic reaction (Scheme
5).

The o-benzoquinone iridium compound 6 reacted in
a similar way to the p-benzoquinone complex [Cp*Ir-
(7*-p-benzoquinone)] (4). Thus, treatment of 6 with an
excess of HBF4Et,O produced the related catechol
iridium complex [Cp*Ir(58-(3-methoxy)-CsHs02)][BF4]2
(7) quantitatively (Scheme 6). The latter is deproto-
nated by tBuOK and provided the starting material 6.
This acid—base reaction occurs reversibly without show-
ing any sign of decomposition for the organometallic
complexes 6 and 7. Once again, the nature of the Cp*Ir
2+ fragment plays an important role in stabilizing these
sensitive z-cyclic hydrocabon ligands.

In conclusion, we have reported the high-yield syn-
theses of p- and o-benzoquinone complexes of penta-
methylcyclopentadienyl iridium complexes 4 and 6. The
X-ray molecular structure of the p-benzoquinone com-
pound 4 was determined. The solution and chemical
behavior of these complexes were studied. In particular,

Le Bras et al.

reversible protonation/deprotonation reactions were
observed without decomposition of the organometallic
complexes. We also demonstrated the remarkable
stability of these [Cp*Ir(n®-arene)][BF], due to the
ability of the Cp*Ir2™ moiety to stabilize these sensitive
ligands (hydroquinone catechol). Complexes of this type
are rare in the literature. Finally, we have found that
oxidation of the p- and o-benzoquinone iridium com-
plexes by iodine provides the free ligand along with the
starting material recycled in the form of [Cp*Ir(u-1)1]..
These results are significant since it shows that func-
tionalization of this type of sensitive ligand promoted
by a Cp*Ir fragment is possible and may occur in a
fashion similar to that described recently by us for the

regioselective nucleophilic phenol reactions (Scheme
3).19'20

Experimental Section

General Procedures. All manipulations were carried out
under an argon atmosphere using Schlenk techniques. Sol-
vents were purified and dried prior to use by conventional
distillation techniques. MeOH was distilled over traces of Na
and freshly used in the preparation of NaOMe solutions. All
reagents obtained from commercial sources were used without
further purification. *H and *3C NMR spectra were recorded
on a Bruker AM 250 MHz instrument. 'H NMR chemical
shifts are reported in parts per million referenced to the
residual solvent proton resonance. Infrared spectra were
obtained on a Bruker IR 45 spectrometer from samples
prepared on KBr disks or in Nujol. All absorptions are
expressed in wavenumbers (cm~?). Elemental analyses were
performed by the Microanalytical Laboratory of the University
of Paris VI.

Synthesis of [Cp*Ir(nS-hydroquinone)][BF]. (2). A
solution of AgBF,4 (400 mg, 2.05 mmol) in THF (10 mL) was
added to [Cp*IrCl;], (400 mg, 0.50 mmol) in acetone (20 mL)
to rapidly give a white preciptate of AgCl. The reaction
mixture was stirred for 15 min, then the yellow orange solution
of [Cp*Ir(acetone)s][BF4]. (1) was filtered into a dry Schlenk
tube which was kept under argon. To this orange-yellow
solution was then added hydroquinone (230 mg, 2.1 mmol) in
THF (15 mL), and the mixture was stirred for 1 h, during
which the solution becomes yellowish-green. The solvents
were removed under vacuum, and the residue was dried. The
yellow solid material was dissolved in CH3CN (20 mL), and
addition of an excess of HBF4-Et,O caused a rapid decolori-
zation. The reaction was allowed to continue for 15 min, then
the solution was concentrated under vacuum. Subsequent
addition of Et,O (30 mL) provoked the precipitation of a white
microcrystalline solid. The precipitate was separated, washed
3 times with Et;0, and dried under vacuum. Overall yield:
570 mg (93%). IR (Nujol, cm™1): v»(O—H) 3100—-3300, »(B—F)
1065. H NMR (250 MHz, TFA-d;): ¢ 2.16 (s, 15H, —Cp*),
6.76 (s, 4H, aromatic protons), —OH (not observed). 3C{H}
NMR (62.87 MHz, TFA-d;): ¢ 9.21 (—CHgs, —Cp*), 85.00 (C=C,
aromatic carbons), 105.96 (C=C, —Cp¥*), 137.94 (C—0). Anal.
Calcd for Ci6H21B2FslrO,: C, 31.42; H, 3.40. Found: C, 32.30;
H, 3.57.

Synthesis of [Cp*Ir(s°>-semiquinone)][BF.] (3). This
complex was obtained pure by slow recrystallization of [Cp*Ir-
(78-hydroquinone)][BF4]. (2) from CH3CN/Et,0. Crystals of 3
were formed after 2—3 days. This period of time is sufficient
to allow a complete monodeprotonation of complex 2. IR (KBr,
cm™1): »(O—H) 3250—3400, v(C=0) 1629, »(B—F) 1065. H
NMR (CD3CN, 250 MHz): ¢ 2.10 (s, 15H, °>-Cp*), 5.15 (d, In-+
= 7.5 Hz, 2H arene protons), 5.95 (d, Jy-1 = 7.5 Hz, 2H arene
protons). Anal. Calcd for CisH21BF4IrO,: C, 36.67; H, 3.82.
Found: C, 36.62; H, 3.87.
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Complexes of Pentamethylcyclopentadienyliridium

Synthesis of [Cp*Ir(p*p-benzoquinone)] (4). To a
suspension of [Cp*Ir(n%-hydroquinone)][BF4]. (2) (100 mg, 0.16
mmol) in CH,Cl; (10 mL) was added 50 mg (0.44 mmol) of
tBuOK, and the reaction was left for 2 h. During this period
of time, the reaction mixture became yellow and clear. The
solution was filtered through Celite, and the filtrate was
reduced under vacuum. Addition of Et,O (20 mL) afforded an
off-white precipitate. The solid was separated, washed with
Et,0, and then dried under vacuum. Yield: 60 mg (84%). IR
(Nujol, cm™%): »(C=0) 1567, 1537. H NMR (CDsCN, 250
MHz): 6 2.04 (s, 15H, #°-Cp*), 4.87 (s, 4H, olefinic protons).
B3C{H} NMR (62.87 MHz, CD3CN): 6 9.0 (—CHg, —Cp*), 74.2
(C=C, dienone carbons), 96.4 (C=C, —Cp*), 160.5 (C=0).
Anal. Calcd for CisH19lrO2:2H,0: C, 36.67; H, 3.82. Found:
C, 36.62; H, 3.87.

Synthesis of [Cp*Ir(n°-(2,6-dimethoxy)-CsHz0)][BF.]
(5). A solution of AgBF; (200 mg, 1.03 mmol) in 6 mL of
acetone was added to [Cp*IrCl;]. (200 mg, 0.25 mmol) in 15
mL of acetone to rapidly give a white precipitate of AQCIl. The
reaction mixture was stirred for 15 min, then the orange-
yellow solution of [Cp*Ir(acetone)s][BF4]. was filtered into a
dry Schlenk tube kept under argon. To this orange-yellow
solution was then added 2,6-dimethoxyphenol (154 mg, 1
mmol) in 9 mL THF, and the mixture was stirred for 1 h,
during which a white precipitate starts to form. The reaction
mixture was reduced under vacuum, and subsequent addition
of Et,O (50 mL) affords a white precipitate. Our target
compound 5 was obtained by treating the white precipitate
obtained in the first step with NEt; (200 «L) in 15 mL of
acetone for 15 min. Then the light yellow solution was reduced
under vacuum, and subsequent addition of Et,O (40 mL)
afforded a white precipitate. This compound was washed
several times with Et,O and dried under vacuum. Overall
yield: 81% (230 mg). IR (KBr disk, cm™): »(C=0) 1631, »(B—
F) 1055. 'H NMR (CDsCN, 250 MHz): ¢ 2.02 (s, 15H, —Cp*),
3.70 (s, 6H, —OMe), 5.80 (t, Ju—n = 6 Hz, 1H, dienyl proton),
6.25 (d, Ju-n = 6 Hz, 2H, dienyl protons). *C{*H} NMR (62.87
MHz, CDsCN): ¢ 9.41 (CHs, —Cp*), 58.17 (—OMe), 73.35
(C=C, dienyl carbon), 78.16 (C=C, dienyl carbon), 98.61 (C=C,
—Cp*), 128.86 (C—OMe, dienyl), 151.20 (C=0). Anal. Calcd
for CigH24BF4IrO: C, 38.11; H, 4.20. Found: C, 37.91; H, 4.32.

Synthesis of [Cp*Ir(n*(3-methoxy)-0-benzoquinone]
(6). A methanolic solution of NaOMe (1 mmol) {freshly
prepared from NaH (40 mg; 60%) in distilled methanol (5 mL)}
was added to a solution of 5 (100 mg, 0.175 mmol) in 10 mL of
MeOH. The reaction mixture was stirred fo 12 h at room
temperature, then the solvent was removed completely and
dried under vacuum. The residue was then extracted with
20 mL of CH.CI; and filtered under argon into a dry Schlenk
tube. The solvent was removed under vacuum, affording a
yelllow microcrystalline solid in 62% yield (50 mg). IR (KBr
disk, cm™1): »(C=0) 1555.8. H NMR (CDsCN, 250 MHz): &
1.85 (s, 15H, —Cp*), 3.55 (s, 3H, —OMe), 4.96 (d, Jy—n = 6 Hz,
1H, dienone proton), 5.29 (t, Ju-n = 6 Hz, 1H, dienone proton),
5.88 (d, Ju-n = 6 Hz, 1H, dienone proton). 3C{!H} NMR
(62.87 MHz, CDsCN): 0 8.71 (CH3, —Cp*), 56.87 (—OMe), 69.76
(C=C, dienone carbon), 73.04 (C=C, dienone carbon), 74.76
(C=C, dienone carbon), 94.23 (C=C, —Cp¥*), 121.91 (C—OMe,
dienone), 155.17 (C=0), 160.91 (C=0). Anal. Calcd for
C17H2:03Ir-CH,Cl,: C, 39.27; H, 4.18. Found: C, 38.37; H,
4.64.

Synthesis of [Cp*Ir(°-(3-methoxy)catechol][BF,], (7).
To a solution of 6 (40 mg, 0.08 mmol) in 5 mL of CH;CN was
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added 100 uL of HBF4-Et,0, and the reaction mixture was
stirred for 20 min, then filtered through Celite. The solvent
was concentrated under vacuum, and addition of Et,O (15 mL)
afforded a white precipitate, which was separated and washed
several times with Et,O and dried under vacuum. The
catechol complex [Cp*Ir(55-(3-methoxy)catechol][BF 4], (7) is
extremely moisture sensitive, and therefore, microanalysis
could not be obtained. IR (KBr disk, cm™): »(—OH) 3250—
3500, »(B—F) 1084. '*H NMR (CDsCN, 250 MHz): ¢ 2.10 (s,
15H, —Cp*), 4.05 (s, 3H, —OMe), 4.22 (b, 2H, —OH), 6.27 (t,
Jn-n = 7.5 Hz, 1H, aromatic protons), 6.63 (d, Ju-n = 7.5 Hz,
2H, aromatic protons). ¥C{'H} NMR (62.87 MHz, CD3;CN):
0 9.25 (CH;, —Cp¥*), 60.1 (—OMe), 76.33 (C=C, aromatic
carbon), 86.94 (C=C, dienyl carbon), 101.79 (C=C, —Cp¥*),
129.60 (C—OMe, aromatic), not observed (C—OH).

X-ray Crystallography of [Cp*Ir(y*-p-benzoquinone)]
(4) and [Cp*Ir(y°-(2,6-dimethoxy)-CsH3O][BF.] (5). Suit-
able crystals of 4 and 5 were obtained by recrystallization from
a CH3;CN/Et,0 solution. The selected crystal of complex 4 or
5 was glued on the top of a glass stick. Accurate cell
dimensions and orientation matrix were obtained by least-
squares refinements of 25 accurately centered reflections. No
significant variations were observed in the intensities of two
checked reflections during data collection. Complete crystal-
lographic data and collection parameters for 4 are listed (Table
1). The data were corrected for Lorentz and polarization
effects. Computations were performed by using the PC version
of CRYSTALS.® Scattering factors and corrections for anoma-
lous dispersion were taken from ref 24. The structure of
compound 4 was solved by standard Patterson and Fourier
technics and refined by full-matrix least-squares with aniso-
tropic thermal parameters for all non-hydrogen atoms. Hy-
drogen atoms were introduced in calculated positions in the
last refinements and were allocated an overall refinable
isotropic thermal parameter. The structure of complex 5 was
solved by direct methods (SHELXS).?> The asymmetric unit
consists of two independent moleules. Refinements were
carried out by full-matrix least-squares with anisotropic
thermal parameters for all atoms except the boron atoms of
the two BF,;~ anions. These anions show some disorder, and
refinements were performed using restraints on B—F bond
lengths and F—B—F bond angles. As a consequence, a
relatively high value of Ap was observed for BF,~ anions and
the hydrogen atoms were not introduced.
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