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Novel Halogen Exchange Reactions between Halosilanes

and Rh(I) or Ir(I) Complexes
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Vaska-type complexes such as MC1(CO)L, (M =Rhor Ir, L =
tertiary phosphine) or the Wilkinson complex RhC1(PPhj3)3 underwent
halogen exchange reactions with halosilanes Me3SiX (X = Br, I) to
give MX(CO)L, or RhX(PPhj)3 respectively with the formation of
Me3SiCl. The reaction of RhH(CO)(PPhj3)3 with MeSiCl, also afforded
RhC1(CO) (PPhgy),.

Oxidative addition of organic halides to transition metal complexes is a
versatile reaction which allows numerous applications in organic syntheses.l) On
the other hand, examples of the reaction of halosilanes are still few. Hence, we
have been interested in the reactivities of low-valent transition metal complexes
toward halosilanes. In the previous paper, we have disclosed the oxidative
addition of halosilanes to Pt(0) complexes to give Si-Pt complexes.Z) Further
investigation along this line has revealed a novel class of halogen exchange
reactions between Rh(I) or Ir(I) halide complexes and halosilanes. Very recently,
Churchill and coworkers have found a similar alkoxy-Cl exchange reaction between
Ir(OR)(CO)[P(p-CH3CgH,) 3], and Me3Sicl.3) The paper prompted us to report our
preliminary results.®)

When RhC1(CO)(PMej), was treated with 3 equiv. of Me3Sil in benzene-dg at
room temperature, a new lg-NMR signal arising from methyl protons of Me3SiC1
immediately emerged at 0.28 ppm with reference to Me,Si. In addition, the

reaction mixture showed an IR absorption band at 468 em™ 1

assignable to vgj_gy of
Me3SiCl. The intensity of the ly-NMR signal of methyl protons of Me3SiCl formed
in the reaction mixture was about half of that of PMej bound to the Rh complex,

suggesting that the reaction proceeded nearly quantitatively. After volatiles
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were removed, yellow powder of RhI(CO)(PMej), was obtained; mp 110 °C (dec.); IR
(CHC13) 1974 cem™1 (vgp). Anal. Found: C, 20.53; H, 4.42%. Calcd for C;H,gIOP,Rh:
C, 20.51; H, 4.43%. These observations clearly indicate that halogen exchange
reaction between the Rh-Cl complex and the iodosilane occurs under very mild

conditions, Eq. 1.

RhCl(CO)(PMe3)2 + Me3SiI—————————> RhI(CO)(PMe3)2 + Me3SiCl (1)

In a separate experiment, the reaction mixture was heated up to 120 °C. But
monitoring by means of l1H-NMR did not indicate any further reactions such as
oxidative addition of Me3SiI to RhI(CO)(PPhj),.

Similar results of other combinations of Rh(I) or Ir(I) halide complexes with
halosilanes are summarized in Table 1. When Me3SiBr was used in place of Mej3SiI,
RhBr(CO)(PMe3), and Me3SiCl were formed. RhC1(CO)(PPhj3), and RhC1(PPhj)3 also
underwent similar reactions at room temperature. However, IrCl(CO)(PPh3)2 did not
react with Me3Sil at room temperature, and the occurrence of halogen exchange
required heating at 60 °C. Dissociation energy of the Si-X bond in Me3SiX
increases in the order of X = I < Br ¢ Cl1 (238, 318, and 410 kJ mol'l respective-
1y%5) Hence, the driving force of the halogen exchange is presumably associated
with the formation of thermodynamically more stable Si-Cl bond.

RhH(CO)(PPh3)3 did not react with Me3SiI at room temperature. However, when

Table 1. Reactions of Rh(I) or Ir(I) complexes with halosilanesa)
M(I) complex Halosilane Temp/°C  Time/h Product vie1d®’ /%
RhCl(CO)(PPh3)2 Me3SiI r.t. 0.5 RhI(CO)(PPh3)2 84
Me3SiBr r.t. 0.5 RhBr(CO)(PPh3)2 63
RhCl(CO)(PMe3)2 Me3SiI r.t. 0.25 RhI(CO)(PMe3)2 58
Me3SiBr r.t. 0.25 RhBr(CO)(PMe3)2 55
MeSiCl, 120 20 N.R.S -
IrC1(CO)(PPhy),  Me,Sil r.t. 0.5 N.R.S) -
Me3SiI 60 1 IrI(CO)(PPh3)2 80
IrC1(CO)(PEt,y), MeSiCl, 120 7 N.R.S) )
RhCl(PPh3)3 Me3SiI r.t. 0.5 RhI(PPh3)3 83

a) Rh or Ir complex 0.05-0.2 mmol, halosilane 0.15-0.5 mmol, benzene 0.2-1 ml.
b) Isolated yield after recrystalization. In most cases, the reactions
proceeded cleanly, as judged from the observation of 1H—NMR. c) No reaction.

d) Recrystalization was not made.
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the reaction was carried out at 90 °C, lg-NMR signals of Me3SiH was observed.
Hydride-iodide exchange seemed to take place, though the formation of
RhI(CO)(PPhj3), could not be confirmed probably because of its unstability in
solution.®) In the reaction of RhH(CO)(PPh3)3 with MeSiCl;, a Rh complex resulted
from hydride-chloride exchange could be isolated. Thus, when RhH(CO)(PPhj3)y was
treated with MeSiClg at 90 °C for 9.5 h, RhC1(CO)(PPhj), was isolated in 48% yield
after recrystalization.7) On the other hand, IrH(CO)(PPh3)3 did not react with
MeSiClg even at 120 °C.

As to the mechanism of the halogen exchange reaction, either (a) four center
interaction mechanism or (b) oxidative addition-reductive elimination mechanism is

envisaged.

X
. B .
(a) LnM~X + Y—SlR3——————4> LnM%Y/SlR3 _— LnM-Y + X-SlR3
$iRy
(b) L M-X + Y-SiR,—/————> | L M-X |—> L_M-Y + X-SiR
n 3 n; n 3
Y

(X =Cl, H; Y = C1, Br, I)

The only new lg-NMR signal observed upon the treatment of RhC1(CO)(PMej), with
Me3SiI in toluene-d8 at low temperature down to -40 °C was assignable to Me3SiC1,
and any signals which were supposed to arise from possible intermediates could not
be observed. Ir(I) complexes are normally more reactive than corresponding Rh(I)

8) However, in the present halogen

complexes in oxidative addition reactions.
exchange reactions, the reactivity was the reverse. This appears against the
mechanism (b). In addition, chloro complexes more readily reacted with
halosilanes than hydorido complexes; RhCl(CO)(PPh3)2 reacted with Me3SiI at room
temperature, while RhH(CO)(PPh3)3 did not react under the same conditions. This
does not appear consistent with the mechanism (b) either, since the hydrido ligand
being a stronger donor than the chloro ligand.g) On the other hand, the mechanism
(b) receives a support from the result that IrH(PPri3)2, in situ generated from
IrH5(PPri3)2 by the treatment with 2 equiv. neohexene,lO) reacted with MeSiCljy to
give IrHCl(SiMeClz)(PPri3)2.11) According to the papers by Uson and coworkers,

oxidative addition of chlorosilanes also seems to take place with Ir(0q)(CO)(PArj)
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(0q = 8-oxyquinolate) or [Ir(cod)(PArj3),]1C10,, though the products were not well
characterized.l2>13) 1p addition, there are precedents of the reductive
elimination of Si-Cl species from chloro(silyl)metal complexes.lh) Thus, the
mechanism (b) can not be denied. At the moment, we cannot unequivocally decide
which mechanism is valid.

In conclusion, this paper discloses novel halogen exchange reactions of Rh(I)
or Ir(I) complexes with halosilanes. Further studies on the reactivities of

halosilanes toward low-valent transition metal complexes are in progress.
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