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The 2,3-dimethylbutadiene complex "§3ir(CH,=C(Me)C(Me)y=CH,) (1) reacts with Ph&CPh, in

CeH12 at 60°C, with coupling of the diene and the alkyne and formation of comp@anahich contains
an elaborated bicyclic chelating ligand with alkyl ap#allyl functionalities. NCMe reacts reversibly

[
with 2a, giving rise to a mixture of the isomeric iridacyclopentene$'*fjp(CH,C(Me)(CMe=CH,)C-

(Phy=C(Ph))(NCMe) 8) and Tﬁ"ezllr(CH2C(Me)(cisrCPh=CHPh)C(Me§=ICH)(NCMe) @. Complex2a
decomposes ingEl;; at 80°C to give a complex mixture from which an interesting substituted iridafulvene,

5, has been isolated by chromatography. All these compounds have been characterized by NMR
spectroscopy and X-ray crystallography. Possible reaction mechanisms for the formation of these species
are discussed.

Introduction [
l> /["']\

The Ir(1)-2,3-dimethylbutadiene complex W¢FIr(CH= Me‘éz v ’ L_ .
C(Me)C(Me)y=CH,) (1) (TpMe2 = hydrotris(3,5-dimethylpyra- ‘L_ N -
zolyl)borate§ exhibits a rich chemistry toward a variety of Lewis Me )
bases (L). These reactions usually take place by formation of 1
an Ir—L bond with concomitant formal oxidative addition of H
the diene moiety to the metal center and a change of the B
coordination mode of the hydrocarbyl ligand, frojfiz, to N/ L\N
n%0,0 (eq 1)3 Depending on the nature of the Lewis base, the [ir] = Tp'e*ir = O,h ﬁ@ ,QO
reaction may be reversible (e.g., withHG) or proceed further, \I/r/\

with formation of products in which the two ligands may couple
to form more elaborated coordinated urdits.

We have recently reported that the reactiod wfith dimethyl
acetylene dicarboxylate (DMAB}akes place with displacement
of the diene and incorporation of three molecules of the alkyne [ [ir]
in the form of an iridacycloheptatriene. Metal unsaturation is ‘»« R—C=C—R Ho
prevented by coordination of adventitious water (eq 2), the Me‘éz f ?
reaction proceeding through intermediacy of an iridacyclopen-

tadiene species, also isolable as the water addvetalacycles

of these types are usually proposed as intermediates in the metal-
catalyzed cyclotrimerization of alkynés.
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Table 1. Crystal Data and Data Collection and Refinement Details for 2a, -30olv, 4solv, and 5

2a 3solv 4-solv 5
formula GsH42BIrNg C37H4sBIrN~ C37H4sBIrN~ CssH42BIrNg
mol wt 749.76 790.81 790.81 749.76
color, habit yellow, plate colorless, plate colorless, block dark, prism
symmetry, space group monoclink2i/c triclinic, P1 monoclinic,P2:/n orthorhombicP2,2:2;,
a A 8.9245(4) 11.918(6) 12.9261(6) 10.9918(5)
b, A 34.7658(16) 12.520(19) 14.8923(7) 16.7632(7)
c, A 10.8015(5) 14.069(14) 18.9635(9) 17.5907(7)
o, deg 90 90.97(2) 90 90
S, deg 110.413(1) 111.84(2) 95.263(1) 90
y, deg 90 95.65(2) 90 90
Vv, A3 3140.9(2) 1936(4) 3635.1(3) 3241.2(2)
zZ 4 2 4 4
Dealcs g €T3 1.586 1.357 1.445 1.536
w, mm-t 4.286 3.481 3.708 4.153
6 range, deg 2:330.0 2.3-25.0 2.1-30.0 2.2-30.0
temp, K 173(2) 297(2) 173(2) 173(2)
no. of data collected 55 866 24 174 68 663 49 161
no. of unique data 912R(; = 0.055) 6510 Ryt = 0.125) 10 241Rn = 0.042) 9453 Rt = 0.054)
no. of params/restraints 396/0 424/144 454/143 402/0
Ri2 (F2 > 20(F?)) 0.0291 0.0663 0.0528 0.0280
WR (all data) 0.0484 0.1842 0.1124 0.0541

aRy(F) = S||Fol — |Fell/3|IFol. PWR(F?) = { T [W(Fo? — FAA/ 3 [(W(Fed?} Y2 ¢ Solvent squeezed with program PLATON (A. L. Spek, 2005) and not
contained in chemical formula and quantities derived thereof.

this contribution we report on the different reaction outcome
observed when the alkyne employed is diphenylacetylene.

Results and Discussion

The reaction of THeAr(CH,=C(Me)C(Mey=CH,) (1) with 24
a slight excess (1.2 equiv) of diphenylacetylene, #aPh,
occurs with formation in high spectroscopic yietdg0%) of a
compound,2a, that contains the chelating hydrocarbyl ligand
depicted in eq 3, which bonds to iridium through alkyl and allyl
termini. The reaction can be described formally as a cyclic, 26
nonasymmetrical, coupling of the incomirgc=C— unit with
the butadiene ligand, followed by a stereospecific H-shift.
Compound2a does not react further with the alkyne under the
conditions of eq 3. Other aryl-substituted alkynes react similarly,
giving rise to related products, e.@h and2c, as shown in eq

Figure 1. X-ray structure of complega (thermal ellipsoids drawn
at the 40% probability level, hydrogen atoms omitted for clarity).

Me | Ar-C=C-Ar
CgHq2,60°C,12 h

Me
1 e [ir]
/ Me
MeCN "~ _Me
Ph7 N ”/
Ph
NCMe
60 °C, 12 h + 3 (20%) (4)
(7) (a) Keruza, S.; Tanaka, S.; Ohe, T.; Nakaya. Y.; Takeuchl, Rrg. Me C.H <
Chem.2006 71, 543. (b) Saito, S.; Yamamoto, YChem. Re. 2000 100, <512 I
2901. (c) Grotjahn, D. B. II€omprehensie Organometallic Chemistry;ll H Me 60°C,12h e Me
Hegedus, L. S., Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds; 2a MeCN ~./ Ph
Pergamon: Oxford, 1995; Vol. 12, Chapter 7.3, p 741. (d) Collman, C. P.;
Hegedus, L. S.; Norton, J. R.; Finke, R. Brinciples and Applications of M
Organotransition Metal Chemistryniversity Science Books: Mill Valley, e Ph
CA, 1987. (e) Kirchner, K.; Calhorda, M. J.; Schmid, R.; Veiros, LJF.
Am. Chem. So2003 125 11721. (f) Yamamoto, Y.; Arakawa, T.; Ogawa, ~ 4 (36%)

R.; Itoh, K.J. Am. Chem. So2003 125, 12143. (g) Collman, J. P.; Kang,
J. W.; Little, W. F.; Sullivan, M. F.Inorg. Chem.1968 7, 1298. (h)
Bianchini, C.; Caulton, K. G.; Chardon, C.; Doublet, M.-L.; Eisenstein,
0.; Jackson, T. J.; Meli, A.; Peruzzini, M.; Streib, W. E.; Vacca, A.; Vizza,
F. Organometallics1994 13, 2010.

(8) llg, K.; Paneque, M.; Poveda, M. L.; RengoN.; Santos, L. L,;
Carmona, E.; Mereiter, KOrganometallic200§ 25, 2230.

(9) For a recent coupling of a Cp ligand with PECH see: Sun, Y.;
Chan, H-S.; Zhao, H.; Lin, Z.; Xie, ZAngew. Chem., Int. EQR006§ 45,
5533.

Compoundahas been characterized by microanalysis, NMR
spectroscopy, and an X-ray diffraction study. The allyl moiety
coordinated to Ir gives rise C NMR signals at 66.4 (terminal
CPh), 102.9 (internaCPh), and 28.4 (CH.JcH = 160 Hz) ppm,
while the Ir-bound methylene carbon resonates-29.1 ppm
(Mch = 134 Hz). In thelH NMR spectrum, the two diaste-
reotopic IrCH protons are found at 2.29 and 0.84 = 6.4
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Figure 2. X-ray structure of comple8 (thermal ellipsoids drawn ) o

at the 20% probability level, hydrogen atoms omitted for clarity). Figure 3. X-ray structure of complex (thermal ellipsoids drawn
at the 20% probability level, hydrogen atoms omitted for clarity).

Table 2. Selected Bond Lengths (A) and Angles (deg) for 2a

Table 3. Selected Bond Lengths (A) and Angles (deg) for

Ir—N(12) 2.195(2) C(1-C(2) 1.521(4) 3-s0lv
Ir—N(22) 2.291(2) C(2rC(3) 1.542(4)
Ir—N(32) 2.103(2) c(2c(7) 1.581(4) Ir=N(12) 2.169(10) I+-N(61) 1.894(11)
Ir—C(1) 2.064(3) C(7¥C(8) 1.415(3) Ir—N(22) 2.178(10) C(5C(2) 1.552(17)
Ir—C(4) 2.139(3) C(8YC(4) 1.454(3) Ir—N(32) 2.050(10) C(2yC(8) 1.570(16)
Ir—C(7) 2.215(3) C(4yrC(3) 1.526(4) Ir—C(1) 2.048(12) C(8rC(7) 1.367(17)
Ir—C(8) 2.122(2) Ir=C(7) 2.051(12)
C(1)-Ir—N(32) 93.5(1) N(32) Ir—C(7) 158.8(1) N(61)—Ir—N(32) 174.4(4) C(1yIr—N(12) 94.9(4)
C(1)~Ir—C(8) 94.2(1) C(52¥Ir—C(7) 38.0(1) N(61)-Ir—C(1) 90.1(5) C(7rIr=N(12) 174.7(4)
N(32)—Ir—C(8) 147.2(1) C(44)¥Ir—C(7) 63.4(1) N(32)—Ir—C(1) 92.6(5) N(61)-Ir—N(22) 88.7(4)
C(1)~Ir—C(4) 82.0(1) N(12)-Ir—C(7) 100.5(1) N(61)—Ir—C(7) 93.5(5) N(32)-Ir—N(22) 88.5(4)
N(32)—Ir—C(4) 110.2(1) C(1¥Ir—N(22) 170.8(1) N(32)—Ir—C(7) 91.7(4) C(1yrIr—=N(22) 178.8(4)
C(8)—Ir—C(4) 39.9(1) N(32> Ir—N(22) 78.0(1) C(L)~Ir—C(7) 80.1(5) C(7rIr—N(22) 100.3(4)
C(1)-Ir—N(12) 89.9(1) C(8YIr—N(22) 91.0(1) N(61)—Ir—N(12) 88.4(4) N(12)-Ir—N(22) 84.6(4)
N(32)—Ir—N(12) 84.2(1) C(4)Ir—N(22) 97.2(1) N(32)—-Ir—N(12) 86.5(4)
C(8)—Ir—N(12) 127.7(1) N(12)Ir—N(22) 93.0(1)
C(44y-Ir—N(12) ~ 163.8(1)  C(7rIr—N(22) 121.9(1) iridacyclopent-2-en@ species3 and 4 represented in eq 4.
C(1)-Ir—C(7) 66.0(1)

Formation of these two adducts is reversible so that he&ing
or 4 in cyclohexane (60C) leads to NCMe dissociation and
formation of the allyl precursofa. Only one stereoisomer is
observed for each structure, and in the two compounds the Me
substituent on the & atom points toward the 452 ligand.
They have been characterized mainly by NMR spectroscopy
and single-crystal X-ray diffraction studies. Figures 2 and 3
show ORTEP views of the molecular structures of compounds

) ; ) 3 and4, respectively, while other pertinent data are included in
distances corresponding to the allyl moiety, G{4Y8), 1.454- Tables 1, 3, and 4. The two iridacyclopentene species contain

E)?’) A, and Q(8TC(7)(,1 l'tls(sl) ’2}) a:je plearly intermed.i?]teh localized double bonds, with lengths of 1.367(17) A for G{7)
etween a single and a double bond, in agreement with t €c(8) in 3 and 1.387(8) A for C(3)C(4) in 4. In both cases,

delocalized structure, with the corresponding three-Qr the I—N(32) distance, corres ; .
) , ponding to the pyrazolyl ring of
distances (I-C(4), 2.139(3) A, I-C(8), 2.122(2) A, and I the Tp"e2ligandtransto the coordinated NCMe, is shorter than

(7), 2.215(3) A) being only slightly longer than the single-bond the other two I-N(pvrazolvl) bond lenaths: foB. 2.050(10
Ir=C(1) disf[ance of 2.064(3) A. The strucf[ural_c_latq compare g 2.174(10) A (a\(/?;age gf)the other ?WO); f4),ré.075(4() vz‘,
favorably with those found for related functionalities inVFg- 2.196(5) A (also average). NMR spectroscopy studies, includ-

iach
Ir(l_:_lr)] spemels. itv of the chelating ligand . q ingNOESY experiments, collected in the Experimental Section
& complexily of the chelating ligands present in compounds are in accord with the solid-state structures3aind 4.

f2 ﬂﬁk?sf It d|fft|_cu|t E)o ﬂfpose ? re“?ble mfgha'?t'ﬁtl'\‘l:cpathway The molecular complexity o8 and 4 and their reversible
or their tormation, but the reaction of compleawi e, generation fronmRa provide support for the mechanism repre-

Qescrlbgd in the follpwlng paragraphs, prowdgs some valuable sented in Scheme 1 for the formation of the latter complex from
information and facilitates, at least in part, this task.

When compoun@ais heated at 60C in NCMe for 12 h, it (10) O’Connor, J. M.; Closson, A.; Gantzel, R.Am. Chem. So2002
converts mainly into two isomeric acetonitrile adducts, the 124 2434.

Hz) ppm. The latter signal shows NOE interaction with the
CHMe proton, in accord with the stereochemistry presented in
eq 3. Complexe&b,c show NMR characteristics very similar

to those of2a, indicating they adopt closely related structures.
Figure 1 shows an ORTEP representation of the molecules of
compound2a, while Tables 1 and 2 include crystal data and
selected bond lengths and angles, respectively. The twG C




Reaction of TYear(2,3-dimethylbutadiene) with Diphenylacetylene

Table 4. Selected Bond Lengths (&) and Angles (deg) for

4-solv
Ir—N(12) 2.202(5) I-N(61) 1.961(4)
Ir—N(22) 2.190(4) c(1c) 1.518(8)
Ir—N(32) 2.075(4) C(2C(3) 1.518(9)
Ir—C(1) 2.063(5) C(3YC(4) 1.387(8)
Ir—C(4) 2.016(6)
N(61)—Ir—C(4) 89.0(2) C(1¥Ir—N(22) 176.9(2)
N(61)—Ir—C(1) 88.5(2) N(32>-Ir—N(22) 86.7(2)
C(4)y-Ir—C(1) 80.0(2) N(61) Ir—N(12) 92.0(2)
N(61)—Ir—N(32) 176.3(2) C(4¥Ir—N(12) 175.6(2)
C(4)-Ir—N(32) 92.7(2) C(1¥Ir—N(12) 95.7(2)
C(1)-1r—N(32) 95.0(2) N(32)Ir—N(12) 86.6(2)
N(61)—Ir—N(22) 89.8(2) N(22) Ir—N(12) 87.0(2)
C(4)—Ir—N(22) 97.3(2)
Scheme 1
[ir] Pl L
) o Ph
Meﬁl:w \\\/_ ] L%w
(a)
Ph Me
Me
1 A
(b)l Ph—C=C—Ph ‘ 1,3 addition

coupling

o

H migration,
C-C formation

1 and PhGCPh. Initial coordination of the alkyne as in path
(a) produces the Ir(lll) species, an additional example of the
well-establishedy*.r, to 7% 0,0 rearrangement of the butadiene
ligand discussed in the Introduction. Intermediatean then
experience a 1,3 additibhof the alkyne to the metallacycle to
form B, a bicyclic structure with a coordinated olefinic terminus.
Alternatively, path (b) results from initial coordination of the
alkyne to an unsaturated Ir(l) intermediate, provided by a
coordination change of the Tg? ligand from«2 to «2 similar
to the proposed pathway for the reactionlofiith DMAD. 512
This Ir(l) intermediate will giveB by a [2+2] oxidative coupling
and restoration of—TpVe2 binding. Finally, stereospecific
migration of one of the terminal olefinic H atoms Bfto the
adjacent carbon atom and a-C bond forming process would
yield the observed produ@a. These steps could be concerted
or consecutive; in the latter case alkene-to-alkylidene isomer-
izationt3 would be followed by migration of the alkenyl moiety
to the carbene (Scheme 2y.14

It is worth noting that the organometallic skeleton proposed
for B is identical to that found in the NCMe addugtso that
the pathway proposed in Scheme 1 would imply thatBhe
2a transformation is reversible, intermediddebeing trapped
by the Lewis base to giv@. Accordingly, formation of adducts

(11) Posadas, C. M. Ph.D. Thesis, Universidad de Sevilla, Spain, 2006.
(12) Renda, N. Ph.D. Thesis, Universidad de Sevilla, Spain, 2005.
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Scheme 2
fir] H
Ph
—_ —>» 2a
Ph Me
Me
D
Scheme 3

@ [ir]

-NCM

NCMe

[ir]

Me MeCN

4 Ph
3 and4 from 2a can be proposed to take place as described in
Scheme 3. Path (c) of Scheme 3 summarizes the process already
discussed, while the formation 4fin path (d) would be similar,
although in this case the hydrogen atom migrates to the central
allylic C(Ph) carbon atom, leading to a new intermedigte
which is trapped by NCMe to givé It is possible thaB could
transform directly intoE or that an equilibrium between the
two could be established, but we have no data to distinguish
between these mechanistic details.

A complex reaction mixture results when a solution of
complex2a in CgHi, is heated at 80C. Following column
chromatography, one of the minor products can be isolated and
characterized as the benzoannelated metallafulvene corfiplex
(eq 5). 5 has been fully characterized by microanalysis,
spectroscopy (IR and NMR including NOESY studies), and
X-ray crystallography (Figure 4; X-ray data included in Tables
1 and 5). The hydride ligand appears-&t4.71 ppm in théH
NMR spectrum, whereas the iridium-bound carbene carbon
resonates at 296.5 ppm in th&C{*H} NMR spectrum. The
Ir—C(1) distance corresponding to the carbene functionality

(13) (a) Giannini, L.; Guillemot, G.; Solari, E.; Floriani, C.; Re, N.;
Chiesi-Villa, A.; Rizzoli, C.J. Am. Chem. Socl999 121, 2797. (b)
Freundlich, J. S.; Schrock, R. R.; Davis, W. W.Am. Chem. S0d.996
118 3643. (c) Paneque, M.; Poveda, M. L.; Santos, L. L.; Carmona, E.;
Lledos, A.; Ujaque, G.; Mereiter, KAngew. Chem., Int. EQ004 43, 3708.

(d) Parkin, G.; Bunel, E.; Burger, B. J.; Trimmer, M. S.; van Asselt, A.;
Bercaw, J. EJ. Mol. Catal.1987, 41, 29. (e) Ozerov, O. V.; Watson, L.
A.; Pink, M.; Caulton, K. GJ. Am. Chem. So2003 125, 9604. (f) Ozerov,
O. V.; Watson, L. A.; Pink, M.; Caulton, K. Gl. Am. Chem. So@004
126, 6363. (g) Avarez, E.; Paneque, M.; Poveda, M. L.; Réndd. Angew.
Chem., Int. Ed2006 45, 474.

(14) (a) Alias, F. M.; Daff, P. J.; Paneque, M.; Poveda, M. L.; Carmona,
E.; Peez, P. J.; Salazar, V.; Alvarado, Y.; Atencio, R;n8hez-Delgado,

R. Chem=—Eur. J.2002 8, 5132. (b) Lara, P.; Paneque, M.; Poveda, M.
L.; Salazar, V.; Santos, L. L.; Carmona, E.Am. Chem. SoQ006 128
3512.
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Scheme 4
M F
allyl opening N
H s—Ph
H
Me
F Me
o l o-metalation
AT
H, elim. -H
-—
Me Me
Me “Me
Ph
G
Conclusions

In conclusion, differently from the reactivity of the Ir(l)
precursorl with DMAD and Me;SiC=CSiMe;, the reaction of
Figure 4. X-ray structure of comple$ (thermal ellipsoids drawn  this complex with Ph&CPh produces a chelating alkyl-allyl

at the 30% probability level, hydrogen atoms omitted for clarity Cyclic derivative, formed by €H activation and &C bond
except the hydride ligand H1). forming processes. Compl@ashows interesting reactivity, and,

in particular, its reaction with NCMe provides useful information
that allows the proposal of a reasonable pathway for its

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

Ir—N(12) 2.170(3) Ir-H(1) 1.50(4) formation. Albeit in low yields, an interesting iridafulvene
Ir=N(22) 2.177(3) C(1yC(7) 1.459(5) structure has been obtained fr@a when its solutions in gH;,
Ir—N(32) 2.161(3) C(BC(41) 1.457(5) are heated at 80C.
Ir—C(1) 1.903(3) CA1yC(42) 1.414(5)
Ir—C(42) 2.033(4) C(BAC®) 1.370(5)
C(1)-Ir—C(42) 80.8(1)  N(32}Ir—N(22) 89.6(1) Experimental Section
C(1)-Ir—N(32) 100.3(1) N(12}Ir—N(22) 81.0(1) _
C(42)-Ir—N(32) 93.5(1) C(1}Ir—H(1) 91.1(15) General Procedures.Microanalyses were performed by the
C(1)-Ir—N(12) 175.1(1) C(42YIr—H(1) 90.3(16) Microanalytical Service of the Instituto de Investigacionesrcas
C(42)-Ir—N(12) 97.9(1) N(32)-Ir—H(1) 168.5(15) (Sevilla, Spain). Infrared spectra were obtained from a Bruker
N(32)—Ir—N(12) 84.5(1)  N(12y1-H(1) 84.2(15) Vector 22 spectrometer. The NMR instruments were Bruker DRX-
C(1)-Ir—N(2) 100.0(1)  N(22F-Ir—H(1) 86.4(16)

500, DRX-400, and DPX-300 spectrometers. Spectra were refer-
enced to external SiMd&o 0 ppm) using the residual protio solvent
- s peaks as internal standardsl(NMR experiments) or the charac-
amounts 1.903(3) A significantly shorter than the iridium teristic resonances of the solvent nucC(NMR experiments).
Caryi bqnd, I=C(42), of 2'0‘33(4) A The .Iatter valug compares Spectral assignments were made by means of routine one- and two-
well with that corresponding to a similar bond in a related gimensional NMR experiments where appropriate. All manipula-
iridacycle’® tions were performed under dry, oxygen-free dinitrogen, following
conventional Schlenk techniques. The compleX¢fp(;*-CH,=
C(Me)C(Mey=CH,) was obtained by the published procedtiidne
small amount of product isolated for the case of some of the minor
byproducts prevented the recrystallization of the solid samples
obtained and hence the registration of better elemental analysis
figures.
Compound 2a.A mixture of Tp"er(y*-CH,=C(Me)C(Me)y=
CHy) (1) (0.3 g, 0.52 mmol) and PRECPh (0.112 g, 0.63 mmol)
in cyclohexane (10 mL) was heated at®Dfor 12 h, during which
time it turned dark brown. The solvent was evaporated, anfGo
Rearrangement o?a into the isomeric hydride-alkylidene spectroscopic yield oRa was ascertained byH NMR. This
structure5 can be proposed to occur through the reaction compound was partially purified by adding hexane and filtering
pathway represented in Scheme 4. Upon heating, a change irthe yellow solid obtained. The yield was 0.26 g, ca. 63%. An
the coordination of the allylic moiety &fa from 72 to ' may analytically pure sample ¢fa was obtained after washing several
occur (intermediateF), allowing C—H bond activation of a  times with cold pentane.
phenyl substituent byortho-metalation and transfer of the
corresponding H atom to the-HCH, carbon atom@). Facile
o-H elimination'® leads to the final produd. Ph,

C2-Ir-N(22)  176.6(1)

fir]

-«——>» NOo€e

(15) Santos, L. L.; Mereiter, K.; Paneque, M.; Slugovc, C.; Carmona,
E. New J. Chem2003 27, 107. H Me
(16) Carmona, E.; Paneque, M.; Poveda, MDRalton Trans2003 4022.



Reaction of TYear(2,3-dimethylbutadiene) with Diphenylacetylene

IH NMR (CDClg, 65°C): 6 7.19 (br d, 2 H.8Jyy = 7.7 Hz,
0,0'-CHg(Phy)), 7.12 (br m, 2 Hp, d-CH,(Php)), 6.93 (brt, 1 H,
3Jun = 7.3 Hz, p-CHy(Phy)), 6.88 (m, 3 H,m,m-CHu(Ph) +
p-CHa(Phy)), 6.79 (br t, 2 H3Jyy = 7.1 Hz,m,m-CHa(Phy)), 5.91,
5.66, 5.28 (s1 H each, 3 CH), 4.38 (s, 1 H, €H), 2.54, 2.47,
2.35,2.22, 2.17, 0.96 (8 H each, 6 Mgy, 2.29 (detected by the
HETCOR spectrum), 0.84 (d. H each2yy = 6.4 Hz, K, Ha,
respectively), 1.82 (q, 1 .y = 6.3 Hz, CH), 1.45 (d, 3 H,
C®Me), 1.01 (s, 3 H, @e). 13C{*H} NMR (CDCl): ¢ 153.6,
152.2, 149.9, 145.6, 143.5, 143.04(8, 139.5, 136.2 (Gu(Phy),
Cqa(Php), respectively), 132.0, 131.60,0-CHa(Phy), 0,d-CHy
(Phy), respectively), 126.24,m-CHa(Phy)), 125.8 n,mi-CH,(Phy),
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2.32,2.20, 2.15, 0.95 (8 H each, 6 Mg), 2.33 (detected by the
HETCOR spectrum), 0.74 (d H each2Jyy = 6.6 Hz, Hs Ha,
respectively), 1.72 (q, 1 HJyy = 6.6 Hz, CH), 1.38 (d, 3 H,
C®Me), 0.96 (s, 3 H, @Me). 3C{'H} NMR (CDCl): ¢ 157.7,
157.0 (GaOMe), 153.4, 152.0, 149.8, 145.4, 143.4, 142.9,{C
132.3, 128.7¢, 0-CH,), 111.6, 111.3rh, m-CH,,), the other G
could not be detected, 108.8, 107.5, 105.7 (§H02.4 (C), 65.3
(C?), 59.3 (@), 55.2, 54.9 (gH,OMe), 49.4 (©), 28.4 (C), 24.8
(C?Me), 18.7 (CMe), 18.2, 15.6, 14.1, 13.2, 13.1, 12.9 (Me
-19.4 (G).

Compounds 3 and 4.Compound2a (0.35 g, 0.47 mmol) was
dissolved in NCMe (20 mL). The solution was stirred at®@for

p-CHa(Phy)), 125.1 p-CH,(Phy)), 108.9, 107.6, 105.8 (G}), 102.9
(CH, 66.4 (C), 60.0 (C), 49.9 (C, Wcy = 135 Hz), 28.4 (€ ey

= 160 Hz), 24.7 (@Me, ey = 123 Hz), 18.4 (BMe, Jcy = 123

Hz), 18.4, 15.5, 14.0, 13.0, 12.9, 12.7 (Me—19.1 (C, Wcn =

134 Hz). Anal. Calcd for gH4:BNglr: C, 56.1; H, 5.6; N, 11.2.
Found: C, 55.8; H, 5.7; N, 10.9.

Compound 2b. A mixture of Tg"er(;4-CH,=C(Me)C(Me)=
CHy) (1) (0.2 g, 0.35 mmol) ang@,p-dimethyltolane (0.086 g, 0.42
mmol) in cyclohexane (8 mL) was heated at®®Dfor 12 h, during
which time it turned dark brown. The solvent was evaporated and
a ~80% spectroscopic yield &b was ascertained biH NMR.
Further purification of compounéb was not pursued.

12 h, and the volatiles were evaporated under vacuo. NMR
monitoring of the crude product revealed a mixture of compounds
3 and 4 with yields of 20 and 36%, respectively, together with
other unidentified byproducts. Separation in pure form of these two
compounds was accomplished by column chromatography on silica
gel, using hexaneEt,O (1:1) as eluent.

Compound 3.H NMR (CDCl;, 25°C): ¢ 7.76 (brd, 1 H, 1
CHy), 7.15 (brm, 1 H, 1 CH}), 6.87 (t, 1 H3Jyy ~ 7 Hz, 1 CH,),
6.76 (brm, 1 H, 1 CH), 6.74 (t, 1 H3Juy ~ 7 Hz, 1 CH,), 6.66
(orm, 1 H, 1 CH,), 6.63 (t, 2 H,3Juy ~ 7 Hz, 2 CH,), 6.49 (br,
2H, 2 CH,), 5.74,5.71, 5.43 (sl H each, 3 CH}), 5.51 (d, 1 H,

IH NMR (CDCls, 25°C): 6 7.05 (d, 2 H,3Jyy = 7.8 Hz, 2
CHgy), 6.69 (d, 2 H,3Jyy = 7.3 Hz, 2 CH)), the other aromatic

H’s appear as broad signals, and it is not possible to distinguish

them in the baseline, 5.89, 5.65, 5.28 1sH each, 3 Cl}), 4.30
(s, 1 H, CH), 2.52, 2.43, 2.32, 2.19, 2.12, 0.88 &H each, 6
Mey,), 2.20 (detected by the HETCOR spectrum), 0.78L(H each,
2Jun = 6.1 Hz, Hs, Ha, respectively), 2.10, 1.41 (8 H each, 2
CsHsMe), 1.74 (g, 1 H3Jyn = 6.4 Hz, CH), 1.39 (d, 3 H, CMe),
0.96 (s, 3 H, @Ve). 1*C{*H} NMR (CDCl): ¢ 153.6, 152.1, 149.9,
145.5, 143.4, 143.0 (§), 136.5, 135.2, 134.2, 133.24£), 131.4,
129.7,127.0, 126.7 (Cly, 108.9, 107.5, 105.8 (CH), 102.9 (C),
66.0 (CG), 59.7 (@), 49.6 (C, Wcn = 131 Hz), 28.3 (€ ey =
160 Hz), 24.9 (@Me), 21.1, 12.9 (gH4Me), 21.0, 18.5, 15.7, 14.1,
13.3, 13.2 (Mg,), 18.7 (CMe), —19.3 (C, Wcn = 134 Hz).
Compound 2c. A mixture of Tg"er(;*CH,=C(Me)C(Me)=
CH,) (1) (0.2 g, 0.35 mmol) ang,g-dimethoxytolane (0.1 g, 0.42
mmol) in cyclohexane (8 mL) was heated at®®for 12 h, during

which time it turned dark brown. The solvent was evaporated, and

a ~80% spectroscopic yield dic was ascertained biH NMR.
Further purification of compoun#éc was not pursued.

IH NMR (CDCl;, 25°C): ¢ 7.08 (d, 2 H,3Jyn = 8.2. Hz, 2
CHyy), 6.46 (d, 2 H,3Jyy = 8.2 Hz, 2 CH)), the other aromatic

2Joc = 3.5 Hz, Hb), 5.07 (brd, 1 H, K), 3.17 (d, 1 HZJga = 11.0
Hz, Hg), 2.99 (d, 1 H, H), 2.61, 2.44, 2.42,2.33,2.32,1.19 (s, 3
H each, 6 Mg,), 2.20 (s, 3 H, MeCN), 2.08 (s, 3 H,°Ule), 1.09
(s, 3 H, CMe). 13C{*H} NMR (CDCl;, 25°C): ¢ 158.9 (G), 152.4,
149.7, 149.5, 143.7, 142.8, 142.44(§, 151.8 (C), 134.0, 130.1,
129.7, 126.5, 126.0, 125.9, 123.3, 122.4 (gH116.5 (M&N),
111.0 (G, {en = 153 Hz), 107.0, 105.8, 105.5 (GH, 61.0 (C),
27.2 (CMe), 20.1 (CMe), 15.0, 14.1, 13.8,12.7,12.4, 12.2 (Me
7.3 (C, Wen = 126 Hz), 4.3 MeCN). Ct and G, have not been
located. IR (Nujol): »(CN) 2287 cnt. Anal. Calcd for G/Hys-
BN-Ir: C, 56.2; H, 5.7; N, 12.4. Found: C, 55.6; H, 5.8; N, 11.6.
Compound 4.H NMR (CDCl;, 25°C): 6 ~7.5 (br, 2 H, 2

0-CHy), 7.35 (m, 3 H, 2m-CHy + 1 p-CHy), 7.05 (g, 1 H,3Ju

= 1.0 Hz, GH), 6.98 (m, 3 H, 2n-CH,, + 1 p-CHy), 6.87 (s, 1 H,
CPH), 6.75 (m, 2 H, 20-CH,), 5.81, 5.77, 5.55 (sl H each, 3
CHp2), 3.41 (d, 1 H2Jga = 11.4 Hz, W), 2.77 (d, 1 H, H), 2.57,
244,242,236, 2.29 (s, 1:1:1:2:1, 6 Me 1.91 (brs, 3H, &
Me), 1.65 (s, 3 H, MeCN), 1.13 (s, 3 H,2&e). 13C{'H} NMR
(CDCls, 25°C): ¢ 154.9 (©), 151.7, 149.9, 149.4, 143.3, 143.0,
142.5 (G2, 149.1 (C), 143.0, 139.2 (&), ~130 (br,0-CHy),
128.9 0-CH,), 128.0, 128.016-CH,), 126.1 p-CHy), 125.4 ¢-
CHy + C8, Wcy = 154 Hz), 121.5 (€ ey = 139 Hz), 116.1
(MeCN), 108.5, 106.7, 106.1 (Cf, 59.5 (C), 27.4 (CMe), 20.6
(CMe), 15.5, 14.5, 13.5, 13.2, 12.6, 12.4 (Me 5.1 (C', Wen =
126 Hz), 3.8 1eCN). IR (Nujol): »(CN) 2280 cni!. Anal. Calcd

for C37HasBN-Ir: C, 56.2; H, 5.7; N, 12.4. Found: C, 56.1; H,

5.8; N, 11.8.
Compound 5. Compound2a was dissolved in gH;, (0.01 g,

0.013 mmol; 2 mL) and the resulting solution heated at@Gor

12 h. The volatiles were removed under vacuum, #4dNMR

analysis of the crude product revealed the presenédmota. 6%
yield. This compound was separated by column chromatography

H’s appear as broad signals, and it is not possible to distinguish on silica gel using hexane as eluent.

them in the baseline, 5.90, 5.66, 5.28 1sH each, 3 CH,), 4.30
(s, 1 H, GH), 3.65, 3.62 (s3 H each, 2 ¢H4,OMe), 2.51, 2.44,

1H NMR (CDCl;, 25°C): 6 7.5-7.3 (m, 5 H, CH{(Ph)), 7.05

(d, 1 H,3uy = 7.3 Hz, Hh), 6.66 (td, 1 HJuy = 1.5 Hz, H), 6.5
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SADABSY!” The structures were solved by direct methods, ex-
panded by Fourier syntheses, and refined=8mvith the program
suite SHELX97:8 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 atorh was
refined inx,y,z andUis, without restraints. The disordered solvents
in 3-solv and4-solv were squeezed with the program PLAT®N.
Crystal data and experimental details are given in Table 1, the
molecular structures are shown in Figures4]l and selected
geometric data are reported in Tables3

(M, 2 H, He, Hp), 5.84, 5.82, 5.57 (sl H each, 3 Ck), 2.50 (q,
1H,34y = 7.7 Hz, CH), 2.45, 2.44, 2.39, 2.29, 2.21, 1.11 (s, 3
H each, 6 Mg,), 1.26 (s, 3 H, Mg), 1.01 (s, 3 H, Mg), 0.79 (d, 3 Acknowledgment. Financial support from the Spanish
H, C®Me), —=14.71 (s, 1 H, Ir-H). *C{*H} NMR (CDCl, 25°C): Ministerio de Educacioy Ciencia (MEC) (projects CTQ2004-
0296.5(G), 152.1, 150.6, 150.1, 144.1, 143.9, 142.8,)>149.5, 00409/BQU, FEDER support, and HU2003-039) and from the
144.3 (C, C5, C5, one of them has not been located), 148.4(C  Junta de Andaldeiis gratefully acknowledged. C.M.P. and N.R.
138.8 (GPh), 137.8 (CH), 128.1 M-CHa(Ph)), 127.7 |(-CHar thank the Junta de Andaliecand the MEC for research grants.
(Ph)), 126.1 (CH), 124.4 0-CH,(Ph)), 121.9 (CH), 121.5 (CH}), Dr. V. Salazar is thanked for some experimental help.

106.5, 105.9, 105.5 (GH), 69.2 (Ccn = 123 Hz), 58.1 (€),
24.6 (Me), 19.9 (Ma), 16.0, 15.7,12.9, 12.7, 12.3 (1:1:1:2:1, Me
11.2 (CMe). Anal. Calcd for GsHsBNglr: C, 56.0; H, 5.6; N,
11.2. Found: C, 55.3; H, 6.0; N, 11.6.

X-ray Structure Determination. X-ray data of complexe&a,
3, 4, and5 (3 and4 as solvate8-solv and4-solv crystallized from OMO060967X
dichloromethanehexane) were collected on a Bruker Smart APEX (17) Bruker programs:SMART version 5.629SAINT+, version 6.45:
CCD area detector diffractometer using graphite-monochromated SADABSversion 2.10SHELXTL version 6.14; Bruker AXS Inc.: Madison,
Mo Ko radiation ¢ = 0.71073 A) and 0.3w-scan frames covering ~ WI, 2003.

: T (18) Sheldrick, G. MSHELX97 Program System for Crystal Structure
complete spheres of the reciprocal space @il = 25-30°. After Determination; Bruker AXS Inc.: Madison, WI, 1997.

data integration with the program SAINT corrections for absorp- (19) Spek, A. L. PLATON: A Multipurpose Crystallographic Tool;
tion, A/2 effects, and crystal decay were applied with the program University of Utrecht: Utrecht, The Netherlands, 2005.

Supporting Information Available: Complete crystallographic
data and technical details in CIF format for compouBéds3-solv,
4-solv, and5. This material is available free of charge via the
Internet at http://pubs.acs.org.




