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Summary

Oxidative addition of aryl halides, ArX, to chlorocarbonylbis(triphenylphos-
phine)iridium(I) yields iridium(III) aryl complexes, IrCI{X)(Ar)(CO)(PPh;),.
The reactivity of the aryl halide decreases in the order I > Br > Cl, and elec-
tron-withdrawing substituents in the aryl ring accelerate the reaction. The Ir
compounds may be utilised as arylating agents.

III

Introduction

A considerable variety of molecules of the type A—B are known to undergo
oxidative addition to transition metal d® complexes yielding octahedral d¢
species, in which both A and B are directly bound to the metal {1,2]. Although
the oxidative addition reaction of organic molecules such as alkyl and acyl
halides has been extensively investigated, the reaction of aryl halides with Ir’
complexes does not appear to have been reported. Aryl complexes of Ir' can
in fact be prepared by indirect routes in which the key step is the oxidative
addition of derivatives such as arylsulphonyl chlorides [3,4] or aroyl halides
[5.6] to Ir' complexes of the Vaska type. Aryl halides undergo oxidative addi-
tion to d'® complexes of the nickel triad [7], and preliminary work in this
laboratory [8] revealed the possibility of the oxidative addition of iodo- and
bromo-benzene to IrCl{CO)(PPh;),. Iz this paper we describe the general, facile
synthesis of Ir'™ aryl complexes, and present preliminary data on the potential
use of these compounds as arylating agents.

* To whom correspondence should be addressed.



262"
Results and discussion

Aryl halides undergo direct reaction with Vaska’s compound I yielding aryl
Ir'™ compléxes (reaction 1). The Ir'" species are stable in air, but since Lis

trans-IrCl{CO)(PPhs), + ArX - IrCIX(Ar)(CO)(PPhs), @)

(68 an

sensitive to oxidation it is better to carry out reaction 1 in a pressure tube under
nitrogen. Reaction is complete in times ranging from minutes to several hours

at temperatures between 140—180°C, depending on the nature of the halide X,
and on the substituents present in the aryl group. For Ar = p-tolyl, X = I, Br, Cl,
reaction 1 was found to be first order in I for over 56% of the reaction. Initial’
first-order rate constants of 6 X 1072, 8 X 1072 and 8 X 107 sec™! at 150°C were
obtained for p-tolyl iodide, bromide and chloride, respectively. The reactivity
order I > Br > Cl has also been observed for the reaction of I with methyl
halides [9], as well as for the oxidative addition of aryl halides to Ni® complexes
[7]. Preliminary observations indicate that electron-withdrawing substituents
ten- to increase the reaction rate, contrary to the trend noted [7] for the reaction
oi aryl halides with Ni(PPh;);. The kinetics and mechanism of reaction 1 are
currently being investigated.

In the proton NMR spectrum of IrClI( p-tolyl)(CO)(CH;PPh,), (III), derived
from addition of p-tolyl iodide to IrCl(CO)(CH;PPh,),, the phsophine methyl
protons are observed as a triplet (8 2.043 ppm; J 3 Hz), indicating that the
trans disposition of the two phosphines is maintained in the Ir'!! species [10].
The far infrared spectrum of III shows weak bands at 315 cm™ and 350 cm™
in the spectral region characteristic of the stretching frequency v(Ir—Cl) trans
to a carbonyl group [11], suggesting that the overall addition reaction (1) is
trans, in keeping with the sterecchemical path followed in the majority of
cases [1,2].

Aryl Ir'"! complexes, II, can function as arylating agents. The reaction of
chlorobenzene with I clearly yields an Ir™ product, as shown by appearance
of a carbonyl stretching frequency at 2050 cm™?, but the adduct could not be
isolated in pure form. However, on prolonged heating of the reaction mixture
above 200°C (for two days), biphenyl was obtained. The reaction of II (Ar = Ph;
X =1I) with a-phenylacetylchloride afforded desoxybenzoin in reasonable yield

IxClI(Ph )(CO)(FPPh3)2

CsHsCH.,COCl > CcHsCH,COC:H; 2)

on brief heating on 220°C (eq. 2).
We are currently investigating the use of II as arylating agents in other sys-
tems.

Experimental
All the compounds IT were synthesised by the same general method. A mix-

ture of I (0.1 mmol) yas placed together with a large excess of the aryl halide
(3—5 g), which served as the solvent, in a pressure tube under nitrogen. The
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 TABLE 1
ANALYTICAL DATA, REACTION CONDITIONS AND PHYSICAL PROPERTIES FOR ARYL-
IRIDIUM(II) COMPLEXES

Compounds II M.p. °C) v(CO) ¢ Temperature Analysis found (ealed.) (%)
IFCI(X)(AT)(CO)(PPh3)2 (Recrystallis- (em™1)  C©C)

ed from) (Reaction C H P

time)

Ca4H34Cl11rOP> 241244 2040 130 53.2 3.5
(Ar=m-CH3CgHg: X=1) ® (xylenes (1 h) (53.0) 3.7

pet. ether)
C44H37CHIrOP, 247—249 2040 150 52.9 3.7 6.4
(Ar=p-CH3CgHz: X =1) (benzene) (45 min) (53.0) 3.7) (6.2)
C33H34CLL1IrOP, 240—242 2048 150 50.8 3.8 6.3
(Ar=p-CICqHg: X =1) (benzene) (35 min) (50.7) (3.4) (6.4)
C43H34C11IrOP, 251—253 2043 135 51.2 3.6
(Ar=m-CICgHg: X =1I) ©) (3h) (50.7) (3.4)
C43H34BrCHIrOP, 239—241 2045 150 48.4 3.1 6.1
(Ar=p-BrCgHs: X =1) (xylene/ (40 min) (48.6) (3.2) (5.8)

pet. ether)
C44H37BrCIlIrOP5 246—247 2043 175 55.6 4.1 6.2
(Ar=m-CH3CgHs: X =Br) (c) 3 h) (55.6) 3.9) (6.5)
Ca4H34BrClIrOP, 239—243 d 2050 170 55.3 4.3 6.5
(Ar=p-CH3CgHs: X = Br)  (xylene) . (2.5 h) (55.6) (3.9) (6.5)
C4q4H37BrClirO2P, 248—250 2040 175 54.1 3.9 6.8
(Ar=p-CH30CgH4: X = Br) (benzene) (3.5 h) (54.6) (3.9) (6.4)
C43H34BrCIFIxOP> 255—259 2045 175 54.0 3.9 6.7
(Ar = p-FCgHg: X = Br) () (40 min) (54.1) (3.6) (6.5)
Ca4H3,Cl21:0OP5 © 281—282 20507 250°% 57.9 4.3 6.8
(Ar=p-CH3CgHg: X =CI) (benzene) (48 h) (58.3) 4.1) (6.8)

2 Small dnfferences were observed for spectra obtgmed from Nu]ol mulls. ® Found: I = 12.7%; Caled.: I,
12.7%. € Crystallised from the reaction medium. ¢ Decomposes. € This compound appears to have

been prepared by a different route (Ref. 6) but no details are given. / In Nujol. g A clean product is more
conveniently obtained by vigourous heating in a sealed pressure tube over an open flame for about 20
min.

tube was sealed and heated in an oil bath. Reaction times and temperatures, are
listed in Table 1, together with the solvent from which the product was recrys-
tallised. Products of the arylation reactions were identified by GLC and compari-
son with authentic samples. The kinetics of the reaction of I with the p-tolyl
halides were followed by withdrawing samples from the reaction mixture and
quenching by rapid cooling to room temperature. A known volume was then
diluted with CH,Cl,, and the concentration of I determined from the absorbance
at 397 nm.
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