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Carbon-carbon bond formation mediated by transition mettriplet-like signals a 6.05 for2a and 7.30 fo2b due to the
als has been investigated as an important step in organic sy@x of n*-C,H,CsH = CHR which seem to couple with the
thesis! Metal-alkynyls, in particular, are of interest due to two equivalent PPh The coupling reaction between the
the reactivity of the alkynyl group (MG CsR).2 Addition allyl and alkynyl groups observed in the reactior? afith
of an electrophile to thg-carbon of the alkynyl group of HCI (see below) also supports the allyl group beiisgto
alkynyl complexes is well-known to give metal-vinylidenes alkynyl ligand.
which consequently lead a carbon-carbon bond formation Reactions oR with HCI exclusively produce 1,3-enynes
between thex-carbon of the vinylidene and tlmecarbon of  H.C = C(CHR)C=C(p-CsHsMe) (3) and the hydridochloro-
alkenyf? or terminal carbon of theeallyl?® groups adjacent iridium complex 4) (see eq. 2.
to the vinylidene group.

In the course of our study on the electrophile-mediatec  w_r Mo
carbon-carbon bond formation with alkynyliridium complekes, - w HCI (2q) H CHR

H
e . Ph3P\| _cl

we have unexpectedly found that proton initially attacks thepoc/ir\/pphe WO\ oc” | pph,
y-carbon of they*-allyl ligand in *-allyl)(alkynyl)iridium(li1) Br Br )
complexes and then a carbon-carbon bond is forme: e

between the3-carbon of the protonategf-allyl group and 2 3 4

the a-carbon of the alkynyl group to produce 1,3-enynes. R=Ph (@

H (b}

The @-allyl)(alkynyl)iridium(lll) complexes Llr(n*-
CH2CH = CHR)(C= C(p-CsHsMe))(Br) (2, R=Ph @), H The enynes bC = C(CHR)C=C(p-CsHsMe) (3) have
(b), L3 = (CO)(PPh),)* have been prepared from the oxida- been identified byH NMR and GC/mass spectral data anal-
tive addition of allylic bromides (BrC¥H = CHR) to the  ysis. The signals ai 5.49 (s) and 5.29 (s) in thel NMR

four coordinated alkynyliridium(l) complexslt(C =C(p- spectrum for3a are due to the typical vinylidene protons
CsHiMe)) (1)° (eq. 1). (= CHy), which agree well with the values reported for the
L related compoundsComplex4, Lslr(H)(CI)(Br),* is identi-
Me Me fied by '*H NMR (6 -14.61(t)) in CDC and IR ¢(CO),
Phgp /g BrCH,CH=CHR phsp\w 2024 cm', KBr) spectral data.
oc”"een, R=Ph () oc”|"PPhy (@ To elucidate the mechanism for the reaction (eq 2), a deute-
; B (0) Bzr rium labeling experiment was carried out. The treatme2d of

with DCl yields only thas-isotopomer HC = C(CHDPh)C=

The complexe® have been unequivocally characterized C(p-CsHsMe) (3a-ch) which is identified by the smaller sig-
by spectral datail, 3C and®'P NMR, and IR) and elemen- nal (half of that foBa) due to the methylene protond.55
tal analysis. It is well-known thatans<{alkyl)(bromo)irid- in the'H NMR spectrum and mass spectral datd &vim/z
ium complexes are obtained from the oxidative addition o233). This result suggests the reaction pathway as depicted
alkyl bromides to the related four coordinated iridium com-by equation 3. It is very unusual to observe that the proton
plexes®®® The n'-type coordination (Ir-CkCHp= CH,R) (H") initially attacks they-carbon of the allyl group in the
of the allyl groups irR is also confirmed by comparing the reaction of2awith HCI while our recent studies showed that
data with those for the well-characterizgehllyl complexes  proton prefers to attack tifecarbon of alkynyl group in agt-
(Ir,”2W,”® Pd’® and O%). TheH NMR spectra show multi-  allyl)(alkynyliridium®® and (alkyl)(alkenyl)(alkynyl)iridiurf?
plets atd 2.88 for2a and 2.63 for2b due to theH, of Ir- rather than any other carbon in these complexes. An allylation
CH,CHg= CHR with small coupling constants with two of alkynes is catalyzed in the presence of copper chloride
PPh and theHp. Relatively large coupling constantigdy, = with allyl bromide and acetylenésThe (*-allyl)(alkynyl)
15.5 Hz) between k(4 6.08) and K(55.12) in2asuggests  copper complexes were suggested as the intermediates that
these two protons beingansto each other. Thigans con- undergo C-C coupling reaction betweendhearbons of the
figuration is also supported by NOE spectral measuremem-allyl and alkynyl groups to give 1,4-enyniést should be
(Supplementary Information). THEC NMR spectra show also mentioned that an interesting C-C bond is formed in the
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R = p-CgHsMe
[Ir] = I(Br)}{CO)PPh3)2

absence of Hbetween thex-carbon of thej*-allyl and the

[B-carbon of alkynyl group coordinated to iridium in a binu-
clear comple® while no such C-C coupling reaction has

been found fo in the absence of'H

The intermediateA may undergo a carbon-carbon cou-

pling between th¢g-carbon of the protonategt-allyl group
and the adjacemt-carbon of the alkynyl group to form inter-
mediateB which further undergoes thhydrogen elimina-
tion to give the enyn8aand complexX.

In summary, the reaction shown in eq 3 suggests that the

nucleophilicity (for H in particular) of thgcarbon of the;*-
allyl group is greater than that of tBecarbon of the alkynyl
group in2. Proton initially attacks on thecarbon of they*-
allyl group of Lslr(n*-CH,CH = CHR)(C= C(p-CsHsMe))(Br)

(2) and then 1,3-enynes are produced through a intramolecu-

lar carbon-carbon coupling between fhearbon of the pro-
tonatedn*-allyl group and3-carbon of the alkynyl group.
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cold acetone (10 mL), and dried under vacuum.

Selected data for 2gyield: 0.17 g, 77%)*H NMR (500
MHz, CDCE): 6.08 (dt, 1H, |r-CH2CH5: CHyPh,JHgHy
=15.5Hz, JpHa = 8.5Hz), 5.12 (d, 1H, Ir-CRCHg=
CH/Ph, JnpHg=15.5Hz), 2.88 (m, 2H, Ir-B,CHg=
CH,Ph).2*C NMR (CDC}): 6170.38 (tJp-c = 6.9 Hz, IrCO),
140.78 (s, Ir-GH2CgH = C,HPh), 137.71 (s, Ir-gH-CgH =
CHPh), 114.30 (s, Ir-€C), 86.89 (t,Jp.c=18.2 Hz, Ir-
C=C), 6.05 (br, I€sH.CgH = CHPh).*'P NMR (CDC}): &
-15.30 (s). IR (KBr, crit): 2122.1w (C=C)] 2046.6s
[W(CO)]. Anal. Calcd for IrBCssH46BrO: C, 62.50; H,
4.39. Found: C, 62.56; H, 4.24.

For 2b (yield: 0.15 g, 73%)*H NMR (500 MHz, CDCJ):
5.67 (ddt, 1H, Ir—ClalzCHg: CHy,cisHy,[rans \JHB-Hy,[rans: 16.6
Hz, Jngtycis= 10.0 Hz, Jvpra= 8.5 Hz), 4.28 (dd, 1H, Ir-
CHaZCHB = CHy,cisHy,trans JHL}Hy,cis: 10.0 Hz, JHy,trans-I—y,cis:

23 HZ), 396 (dd, 1H, |I’-CJerH;3: CHy,ci:J"y,trans JHB—HMtrans

= 16.6 HZ Jnytrans Hieis = 2.3 Hz), 2.63 (M, 2H, Ir-Ba2CHg

= CHyciHyrand. °C NMR (CDCE): §171.21 (tJpc=6.3
Hz, Ir-CO), 147.83 (s, Ir-gH2CgH = C,H>), 130.43 (s, Ir-
CoHoCgH = CHy), 113.77 (s, Ir-€C), 87.41 (tJpc= 18.9
Hz, Ir-C=C), 7.30 (br, Ir€.HCaH = CHy). 3P NMR
(CDCh): 6-14.47 (s). IR (KBr, crit): 2124.8w (C=C)],
2050.5s Y(CO)]. Anal. Calcd for IrfCagH4-BrO: C, 60.00;

H, 4.32. Found: C, 59.00; H, 4.23.
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Reaction of 2a with HCt HCI (2.0 mmol, 0.19 mL of
H>O containing 32 wt % HCI) was added to a solution of
2a (0.21 g, 0.2 mmol) in CHGI(5 mL) at 25°C, and the
reaction mixture was stirred for 12 h during which time
the beige microcrystals were precipitated. Excess HCl was
removed by washing with 3@ using a separatory funnel.
Complex4 (beige microcrystal®was collected by centrifu-
gal separation, washed witkhhexane, dried under vac-
uum, and identified by spectral data (see text). The yield
was 0.15g (88% based on Ir(H)(CI)(Br)(CO)(BRh
The supernatant was distilled under vacuum and com-
pound3awas isolated by column chromatography on sil-
ica gel (hexane). The isolated yield3afwas 60%.

Selected data for 3a'H NMR (300 MHz, CDCJ): 5.49,
5.29 (both s, =Hj), 3.55 (s, 2H, EPh), 2.33 (s, 3H,
p-CeHsMe). Mass: M atnmvz 232. For3b: 'H NMR (300
MHz, CDChk): 5.42, 5.32 (both s, =), 2.37 (s, 3H,
p-CsHsMe), 1.99 (s, 3H, El3). Mass: M atm/z 156.
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