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Abstract

Reaction of the dioxygen complex [I(C,H ,NS,XO,XCOXPPh,),]
(C,H NS, =benzothiazole-2-thiolate) with SO, produces the un-
precedented incorporation of the carbonyl group into the benzothia-
zole-2-thiolate ligand through the heterocyclic nitrogen, in addition
to the oxidation to sulfate, yielding [Ir{C{(O)NC(S)SC,H HSO,)-
(PPh,),].
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Nucleophilic attack on a carbonyl ligand is a well-
known way of activation of the otherwise inert carbon
monoxide with wide implications for the homogeneous
catalysis of the water gas shift and related reactions [1].
Typical nucleophiles are alkoxy and hydroxy deriva-
tives, and primary and secondary amines. Tertiary
amines and heterocyclic nitrogen compounds do not
undergo this reaction due to their reluctance to give
formyl derivatives.

We report here a reaction that involves the unprece-
dented attack of a heterocyclic nitrogen atom on coor-
dinated carbon monoxide, resulting in a formal inser-
tion of CO into the metal-nitrogen bond without loss of
the aromaticity of the heterocyclic ring.
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In the course of our studies on the reactivity of the
complex [Ir(C,H /NS,XCOXPPh,),] (1) (C;H,NS, =
benzothiazole-2-thiolate) [2*], an analogue of the
Vaska’s complex, we have found that it reacts with
dioxygen in tetrahydrofuran or dichloromethane solu-
tions to give the dioxygen complex [IC,H NS, XO,)-
(COXPPh,),] {2). This reaction is irreversible and
quantitative under rigorously anhydrous conditions.
Complex 2 is isolated from tetrahydrofuran—hexane
mixtures as a yellow, highly water-sensitive solid, which
shows a »(O-0) band at 885 cm™! characteristic of
n2-dioxygen or peroxocomplexes [3). The shift of the
»(CO) from 1966 cm~! in 1 to 2015(s) cm™! (in
CH,Cl,) in 2 indicates the formal oxidation of the
metal in the reaction. Complex 2 is octahedral with two
equivalent phosphines in axial positions and the dioxy-
gen, the carbonyl and the benzothiazole-2-thiolate lig-
ands in equatorial positions. As the n?-dioxygen occu-
pies two cis coordination sites, the benzothiazole-2-
thiolate is bound to the iridium atom either through
the nitrogen or the sulfur atom only (Scheme 1).

Reaction of 2 in tetrahydrofuran with SO, under
atmospheric pressure gives the sulfato-complex 3 iso-
lated as yellow crystals in 70% yield. Surprisingly,
complex 3 does not have a terminal carbonyl, as its IR
spectrum shows a »(C=0) band at 1680 cm~!; further-
more, the molecular ion in the mass spectrum corre-
sponds to the formula [Ir(C,H,NS,XSO/XCO)-
(PPh,),]. The X-ray diffraction study of 3 [4*] has
revealed that an unusual insertion of the carbonyl
group into the metal-nitrogen bond has taken place, as
in recently reported studies on rhodum imido com-
plexes [5].

In the crystals of 3 two crystallographically indepen-
dent, but practically identical, [Ir{C(O)NC(S)SC(H,}-
(SO,XPPh,),], complexes are present. The structure of
one of them is shown in Fig. 1 together with the most
significant bond distances and angles. In the octahedral
coordination around the iridium atom the two axial
positions are occupied by P atoms from PPh,, whereas
two cis-equatorial sites are occupied by O atoms from
the chelating sulfate and the remaining two by a C
atom and a sulfur atom from the new ligand, which has
also preserved its planarity after insertion of the adja-
cent CO ligand. The rather long N-C(O) bond could
be a consequence of partial positive charge on the
nitrogen, as implied by the resonance structures of the
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new ligand (Scheme 2). In addition, this length may
reflect a weak or incipient N-C bond, as suggested by
the mass spectrum of 3 which shows the sequential loss
of sulfate and then carbonyl from the molecular ion.
Such a fragmentation of formamides with loss of the
carbonyl group is not observed. The bonding should be
similar to that observed in N-acylderivatives of pyri-
dine, which are proposed to be intermediates in acyla-
tion reactions of organic substrates, where 4-dimethyl-
aminopyridine is added to promote the reaction [6].
The N-acylderivative transfers the acyl group easily
because of the instability associated with the weak
N-C(O) bond.

The reaction described here probably involves two
different steps (Scheme 1). The first involves the action
of SO, as an electrophile on the dioxygen, which opens
the dloxometallacycle and adds in a polar fashion to
complex 2 as described in the reactions of dioxygen
complexes with various substrates [7]. Consequently,
the insertion of sulfur into the O-O bond generates
the sulfato ligand. As the benzothiazole-2-thiolate still
has one potential donor unbound, there are two differ-
ent but indistinguishable possibilities for the second
step, depending on whether S or N is bonded to the
iridium atom. However, molecular models suggest that
the S-coordination of the benzothiazole-2-thiolate is
preferred for steric reasons. In this case, the free
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Fig 1. View of the structure of 3. Selected hond distances (A) and

Fig. 1. View of the structure of 3. Selected bond distances (A) and

angles (°): Ir-P(1) 2.368(4) [2.376(4)], Tr-P(2) 2.386(5) [2.367(4)],
Ir-O(1) 2.154(9) [2.187(9)], Ir-O(2) 2.067(8) [2.123(8)], Ir—C(8)
1.963(14) [1.926(12)), Ir-S(1) 2.322(4) [2.292(4)], C(8)-O(5) 1.195(18)
[1.208(16)], N(1)-C(8) 1.509(20) [1.4%1(17)], N(1)-C(1) 1.332(18)
[1.346(19)], C(1)-S(1) 1.707(14) [1.673(14)]); C(8)-Ir-S(1) 86.1(5)
[87.3(4)], O(1)-Ir-0O(2) 66.4(4) [65.2(4)], Ir-C(8)-O(5) 129.9(13)
[130.2(11)). The values in square brackets refer to the second inde-
pendent molecule.

PPh;

/°\ }
PPhg
/— ~ /o\ /
—N—c—" -5
| 707 No

PPhg
1]
/ © ppny
&)
PPh
. 3

—n— 8 o
N ~

o
S s

-
oc I\o/ \Q

PPh,



M. Ciriano et al. / Unexpected CO insertion into N-Ir bond C33

-

c c
4 4

(o) (o)

Scheme 2.

nitrogen simply adds to the carbonyl group to give the
new organic ligand. An alternative would be that the
carbonyl inserts into the N—Ir bond while the sulfur
atom fills the vacant coordination position. Both possi-
bilities have been proposed for reactions of carbon
monoxide with amido- and imido-complexes of rhodium
[5]. In any case, the final result is the carbonylation of
the nitrogen in a heterocyclic ring to give a new organic
ligand without loss of any aromaticity.
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