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SUMMARY

Addition of acetic formic anhydride to trans-{ IrC1(CO)(PMeyPh)sl
leads, via a series of intermolecular anioa (hydride, formato and chloro)
ligend exchange reactions, to the formation of the cis-dihydrido,

trans-tertiary-phosphino camplex [ IrClH,(CO)(PMepPh),l .

INTRODUCTION

Although a number of transition metals ere known to give anionic
2
L]

complexes containing a formyl g.*roup\l there is only one report of a

neutral transition metal-formyl ccmplexa. The possible importance of
this type of complex as an intermediate in the catalytic reduction of
carbon monaxide with hydrosenh’s, coupled with the cbservation

that carboxylic acid anhydrides, R(CO)O(CO)R, readily eadd to square-
planar iridium(I) complexes of the type trans-{ IrC1{C0)Izl (L = tertiary
phesphine) to give acyl-carboxylate complexes of the type [ IrCi{{CO)R}
folco)r}(co)ipl (B = CH3, CF3 or 02?5)6, prompted us to investigate

the reaction between acetic formic anhydride and trans-{ IrC1(CO)(FMezPh).]).
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RESULTS AND DISCUSSION

Addition of two equivelents of acetic formic anhydride to = solution
of trens-{ IrC1(CO}L,l (L = PMeoPh or PPh3) in benzere resulted in & rapid
(ca. 15 rein at 25 OC) bleaching of the yellow solution. The 14 R
spectrum of the resulting mixture indicated the formation, in egual

emounts, of (I} and (II)* (L = PMe,Ph, or PPh_}, together with
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acetic anbydride.i‘ The expected product, i.e. [ IrCi{(co)a}{o{co)cH3}{Co)in]
or [ 1rC1{0(CO)H}H (£0)CE3}.CO)Lp) , resulting from “simple" oxidetive
eddition of the mixed anhydride, wes not observed. At this stege of
the reaction only helf the acetic formic anhydride originelly added
had been consumed. When the mixture was allowed to stand for ca. 30 h
at embient temperature (I) and (II) disappeared with simultaneous

formation of (III), (L = PMegPb or PPh3). The second equivalent of

H

ct

(Ix)

= For a full discussion of the stiructure of five-coordinate iridium(I)
species of this type see ref.T.

+ In some caeses the hydrido resonances in the 1H NHMR spectrum of this
mixture were bdroedened, possibly indiceting exchange with a third
species present in solution. However, the phenowmenor, which proved to
te sample- uand solvent-dependent, was irreproducible, and was rot

investigated further.
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of Tormic acetic anhydride was consured and & further smounst of ecetice
anhydride produced. Allowing the mixture tc stané Sor = further 3C &k

resulted in ro further change. At no stege was e metal-formy: srecies

detected. The NMX pargmeters for (I} anéd (III},
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hzave previcusly beern reperued

T e 5

ompound {IT) with L = PMesPn - which can also e rrepared Ty passing

carbon monoxide through a solution of [Irﬁg(

- : 2.:21 .. e < -
rise to & triplet at & = =1.10 ppm {"5(”7 P-E} = 32 iz assigned ico
2 H

tertiary phosphine ligand. The snell coupling of 2.4 Hz was shown by

double-rescnance technigues to
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wydrogens and the hydride hydrogen. Deexin
enelogcus tertiery phesphine-methyli-

Tha formation of these, at first

rationalized on the besis of the segquence cf

Scherme. By analosy with the behavicur previcusly ctserved® for the
trazs{ IrCHC2){PPhy i) /RICO)O{COIR (F = CH3, C¥3 cr C.F.} system we

suggest thet the initial interactica inveives oxidetive edditian of

the formic acetic arnhydride <o trans-f IrC2{C0)L:] (L = PYeoPh or PPha).

to give e formyl asce*sto iridium{III) ccmplex of
This species then repidly undergoes &n internal rearrangerment, a2luminating
acetic acid and forming the dicarbonyl species (V} (L = PMepPh or PPh3ij,
sequence {a). The acetic acid so formed reacts with the excess formic
acetic anhydride giving acetic anhydride and formic 2cid The latter
immediately adds to eny unreacted trans—[IrCl(CO)Lzl* to give, &8s
previously deseribed’], tke four hydrido species (VI), (ViI), (I)

end (VIII), sequence (b). At this stage we propose &n anionic ligend

+ This species may also be formed by loss of CG from the dicarbonyi
species (V). Such species, with L = PFh3, have been shown to readily

lose COT-
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exchange reaction between species (V), (L = PMeoPh, or PPh3) and one of

tae formato-containing complexes formed in sequence (b), resulting in e
crloro/formato exchange and giving rise to one of the initially observed
reaction products viz. (I) (L = PMeoFh or FPh3y) and the five-coordinate
dicarbonyl-formato ccmplex (IX). The latter camplex undergoes dicarboxyletion
to yield the second initially observed product, viz. (II) (L = PMepPh or
PPh3), sequence (c). A hydrido/chloro exchange between (I) and (II),

possibly preceded by carbon-monoxide dissociation, completes the sequence

and lesds to the final reection product (III) (L = PMeyPh or FPhg),

sequence (d); the trans.] IrC1(CO)L;] formed re-enters the sequence

via (a). Thus the overall reaction may be summarized as:

(o)

{c)
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L ct
oo
o
+ 2 HCOCCHy —— = + cn,coccn,
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+00, + CO

As discussed above, there is a gocd nrecednntb for the initiel oxidative
addition reaction proposad in reaction (a) and we have previously shown

that reaction (b} readily ccecursl!. We have demonstrated the feasibilit;
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rg irndependently synthesised sterting materials. Thus
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rixture cbtained by adding HCUOB to =rans—

[ ircx(co)(2Pnr3)p) resulted in the rapid (ca. S min at 20 ©C) formetion of
equal amouvnts of (Ij and {II) (L = P?hj). In edditicn to {I) and (I1)
(L =PPh3), a third hydrido species, thought to be the dihydrido-formato

M H H .
enp ocn Ph P H PhyP, H
— GO
——
oC PPhy oC PPN, enp H
H H co
(x) (x1} {xn)

The Pfeasibility of reaction (d), which is in essence a hydrido

transfer, was demonstrated using a 1/t mixture of (I) and (II) (L = PMegFh).

+ Triphenylphosphine was used as with thisligend product (V) (L = FPhj)

can be readily isolated as a stable crystalline ccupoundT-
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We observed a srocth {ca. A8 h at 20 OC) ccnversion to trans-f Irci{co}(PMepPh),)
end the dihydrido stecies {III) (L = PMepPh), with evolution of carbon
rcnoxide. We have not investigeted the detailed mechanism of this hydridc-

ransfer reacticn; hcwever, the seguence shown overleaf would appear, by

ct

eneiogy with Xncwn Systems, %0 be feasible. Although stecies of tyne {XIYI)
are r.ot Xrcwn, cerbon moroxide dissociaticn frorm the chloro analogue of

. Dimerie iridium compounds containing bridging
rydride ligands ars well xrowr'2 and we have previcusly demonstratedl3

he intermediery of hydrido-bridged species in reluted intermetallic

bByérido-transfer reacticns.
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CONCLUSICNS

Although the criginal goel of this work, viz the isolation of a
neutral transition-metal-formyl complex, was not acnieved, the complexity
cf the resulting raaction segquence, as set forth in the Scheme, is,

Tieid of organometallic
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we believe, of some significence
chemistry. There has been a tendency to atterpt to explain many reections
homogensous catalysis, as single-site, Oor a2t l=3st single-metal reacticns.
In other words, a reactant once bound Lo & given netal reneins with that

netal ‘hreoughout a2 given reaction segquence, 273
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transfer of more

18,21

ligends is now
established. Tha system reported here cdermonstrates the cccurrence of

tvo such reactiens, viz. haloger and nydrido transfer, in the, at

first signt, simple system trans-| IrC1(CO){FMepPhla} /E(cCO)O(CO)CH;.
We would suggest that the occurrence of ligand redistribution reactions
is more commen in organc-transition-metal chemistry then has previously

been recogrized and may well play en Important rcle in ACmOgeNCous,

All operations with air-~-sensitive meterials were performed in
an argon atmosphere.

[ IrcL{c0)(PPh3),] was obteined commercinlly. The _cmpounds
[Irc1(co)(me21=h)2]8, [ IrHC15(CO) (PMeoPh),] 8, [IrCl(CO)g(PPh3)2]2 end
acetic formic anhydride25 were prepared according to published methods.
The [ IrH(CO)2(PMesPh)s] complex was prepared by the procedure reported
in ref.26.

1H NMR spectra were recorded in deutercbenzene using a Bruker WE 90

instrument.
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