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Halogenotriphenyltin(IV) Adducts of Tetrakis(f-butyl isocyanide)-

rhodium(I) Perchlorate.
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[Rh(¢-BuNC),]ClO, undergoes oxidative addition reactions with Ph,SnX (X=Cl, Br) to give cis-[Rh-

(PhySn) X (t-BuNGC),]CIO,.

The adducts partly dissociate in solution to exist as an equilibrium mixture with

the Rh(I) substrate and the addendum. Kinetics of the equilibrium reactions in three different organic solvents
were studied spectrophotometrically under pseudo-first-order conditions with excess Ph;SnX. Rate constants
for the forward reaction (k;) are strongly dependent on the solvent polarity; k; increases in the order of
1,2-dichloroethane < acetone < acetonitrile, whereas those for the backward reaction are little dependent on the

solvents.

Activation parameters also were obtained for the X=Cl system in acetonitrile; AS* for the forward
reaction is —99.2 J mol-! K-, while that for the backward reaction is 4-24.9 J mol-1 K-

These results

indicate that the addition reactions proceed via a three-center transition state formed by the nucleophilic attack

of the Rh(I) ion to the tin atom.

Low-valent square planar rhodium(I) and iridium(I)
complexes are known to undergo oxidative addition
reactions with alkyl, aryl, and metal halides to afford
octahedral rhodium(III) and iridium(III) complexes.1-%)
Some of these reactions have been studied kinetical-
ly.5-11)  As the results, the oxidative addition reactions
may be classified mechanistically into the following
three types; (i) a mechanism similar to the Menschutkin
type reaction,5~?) (ii) radical mechanisms,$® and
(iii) the mechanism involving a three-center transition
state.’®) These reactions kinetically studied so far,
however, were all irreversible. The present work was
undertaken to study some reversible oxidative addition
reactions, which will give more clear insight into
transition states of the reactions.

This paper reports the preparation and configuration
of chloro- and bromotriphenyltin(IV) adducts with
tetrakis(¢-butyl isocyanide)rhodium(I) perchlorate, and
the kinetic study on the adduct formation

Experimental
Materials. [Rh(#-BuNC),]ClO, was prepared as de-
scribed elsewhere.!® Chloro- and bromotriphenyltin(IV)

were prepared and purified according to the literature meth-
ods, mp 105—106 °C (lit,»» 104—106 °C) and 122—123 °C
(lit,*» 120—121 °C), respectively. Acetonitrile and acetone
used as the solvents for kinetic measurements were dried
over P,O; and CaSO,, respectively, followed by distillation.
1,2-Dichloroethane used for the same purpose was purified
by the usual method.'®
Isolation of [Rh(PhySn)X(t-BuNC),]CIO, (X=Cl, Br).

An acetone (7 cm?®) solution containing [Rh(~-BuNC),]ClO,
(0.75 mmol) and PhySnCl (2.3 mmol) was stirred for 4h
at room temperature, followed by the addition of ligroin
(ca. 15 cm?®). The solution was allowed to stand for 2 d in
a refrigerator to afford white plates of [Rh(Ph,Sn)Cl(¢-
BuNC),]ClO,, which were collected by filtration and dried
in vacuo. From the filtrate, the adduct was further obtained
by the addition of ligroin (ca. 15 cm3), followed by the same
procedure, 609, yield as a whole. »(Rh-Cl), 301 cm™1.
Found: G, 49.47; H, 5.60; N, 6.08%,. Calcd for C;,H;;Cl,-
N,ORhSn: G, 49.59; H, 5.59; N, 6.09%. The Ph;SnBr
adduct, [Rh(Ph3Sn)Br(+-BuNC),]ClO,, was similarly obtain-
ed as white needles in a 659, vield by the reaction of
[Rh(-BuNC),]ClO, with Ph,;SnBr at the mole ratio of 1:3.
Found: C, 47.13; H, 5.36; N, 5.829,. Calcd for CyHj,-

BrCIN,O,RhSn: C, 47.31; H, 5.33; N, 5.819%.

Kinetic and Other Measurements. Kinetic measurements
were performed using a Union Giken SM-401 spectro-
photometer and a 10 mm quartz cell equipped with a Union
Giken MX-7 mixing apparatus thermostated to =+0.2 °C.
Two reactant solutions were rapidly introduced into the
cell by the mixing apparatus. The initial concentration
of the Rh(I) substrate was 8.0x 10-5moldm=3. All the
reactions were carried out under pseudo-first-order condi-
tions, using at least twenty-fold excess of PhySnX. The
rate of reaction was determined by following the decay
of absorbances at 381 nm (absorption maximum of the
Rh(I) substrate in acetonitrile) or at 383 nm (absorption
maxima in acetone and in 1,2-dichloroethane) with time.

Infrared and *H NMR spectra were recorded as described
elsewhere.1?

Results and Discussion

Configuration of the Adducts. The infrared spec-
trum of [Rh(PhySn)Cl(+-BuNC),]CIO, in acetone
(2.0x 102 mol dm-3) showed three »(N=C) bands at
2156, 2202, and 2230 cn—!. The same spectrum was
observed in an equimolar mixture (2.0 X 10~2 mol dm~3)
of [Rh(t-BuNC),]ClO, with PhgSnCl in acetone. The
2156 cm™! band was assigned to the Rh(I) substrate
with a square planar configuration, on the basis of
its coincidence with the »(N=C) frequency observed
in an acetone solution containing [Rh(:-BuNC),]ClO,
alone. On the other hand, the 2202 and 2230 cm-!
bands are due to the adduct, because of their pro-
ximity in positions to the »(N=C) bands exhibited
by the adduct in Nujol mulls(2205 and 2238 cm™1).
When one more equivalent PhySnCl was added to the
equimolar solution, the two high frequency bands
were intensified at the expense of the low frequency one.
It is therefore suggested that the adduct] partly dis-
sociates in acetone to exist as an equilibrium mixture
with the Rh(I) substrate and the addendum. The
appearance of the two »(N=C) bands assignable to
the adduct indicates its cis configuration in an octahed-
ral geometry around the rhodium ion, as shown in 1.
This configuration was confirmed also by *H NMR
spectra. A chloroform-d; solution of [Rh(-BuNC),]-
ClO, (5.0x10-2mol dm~2) exhibited a triplet signal
due to the -BuNC protons at ¢ 1.58 (J(H-1N)=2
Hz). Upon addition of excess PhgSnCl (5.0x10-1
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1: L=¢-BuNC

mol dm~3) to the solution, the triplet signal disap-
peared, instead three singlets'® occurred at § 1.27,
1.55, and 1.67 with the relative intensities of 2:1:1,
which is compatible with the cis configuration of the
adduct involving four -BuNC placed in three mag-
netically different environments from one another.
The same configuration is suggested also for the Ph,-
SnBr adduct from its infrared and *H NMR spectra
in acetone. Thus, the stoichiometry of the adduct
formation is expressed as follow,

[Rh(s-BuNC),]* -+ PhySnX
= [Rh(PhySn)X (#-BuNC),]*. (1)

Kinetics and Mechanism. Figure 1 depicts the
decay of the 381 nm band after mixing the Rh(I)
substrate with PhySnCl in acetonitrile. Plots of In-
(A,—Ae) vs. time, where A4, and A« are absorbances
at a time ¢ and at the end of reaction respectively,
showed a good linearity. Pseudo-first-order rate con-
stants, K,,q were calculated by the least squares
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Fig. 1. Decay of the absorbance with time after mixing
[Rh(z-BuNGC),]Cl1O, (8.0x10-® mol dm=3%) with
Ph,SnCl (4.8 X 103 mol dm —3) in acetonitrile at 25 °C,
cell length = 10 mm.
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Fig. 2. Plots of kopsa vs. [PhySnCl] for the reactions
of [Rh(:-BuNC),]ClO, (8.0x10~-®*moldm=3) with
Ph;SnCl in acetonitrile at various temperatures.

method. As shown in Fig. 2, plots of k,,,, vs. the
concentration of PhySnCl at each temperature give a
straight line with non-zero intercept which is charac-
teristic of reversible reactions. In the presence of
excess Phy,SnCl, k., is expressed as,1?

Kopsa = k[PhySnCl] + ky 2

where k, and £k, stand for the rate constants of forward
and backward reactions of Eq. 1, respectively. The
k; and k, values were obtained from the slope and
intercept of the straight lines, respectively (Fig. 2).
The rate constants for the [Ph(-BuNC),]ClO,~Ph,SnCl
system in acetone and 1,2-dichloroethane and for the
[Ph(t-BuNC),]ClO,~PhgSnBr system in three different
solvents were similarly obtained. The results are
listed in Table 1, which contains also equilibrium con-
stants K(=kgk,). The ClO,~ anion may not partici-
pate in the reactions, because the rate of reactions
was little influenced by the presence of excess ClO,~.
The reaction rate was hardly altered also by changing
the slit width of the spectrophotometer. Thus, the
light intensity has no appreciable effect upon the
reaction rate, confirming that radical mechanisms may
be ruled out for the present reactions.

The rate constant of forward reactions is strongly
dependent on the solvent; k, increases in the order
1,2-dichloroethane <acetone <acetonitrile in the two
reaction systems. On the contrary, the rate constant
of backward reactions is little dependent on solvent

TABLE 1. RATE AND EQUILIBRIUM CONSTANTS FOR THE REACTIONS OF [Rh(-BulNC),]ClO, wita Ph,;SnX
Temp ke 103 £,» K

X Solvent °C dm® mol-151 = dm® mol-1
Cl Acetonitrile 25 1.18 +0.01 0.502+-0.014 2350+ 70
30 1.57 +0.01 1.02 +0.01 1540+ 10

35 2.16 +0.04 1.78 +0.14 1220+100

40 2.80 =+0.06 3.68 +0.19 762+ 43

Acetone 35 0.416+0.012 1.70 +-0.04 245+ 9
1,2-Dichloroethane 35 0.275+0.004 1.39 +0.01 198+ 3

Br Acetonitrile 35 1.39 +0.02 1.03 +0.06 1340+ 80
Acetone 35 0.297+-0.006 0.855+-0.018 348+ 10
1,2-Dichloroethane 35 0.134+-0.003 0.724+-0.009 185+ 5

a) kg and &, stand for rate constants of the forward and backward reactions, respectively.
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TABLE 2. ACTIVATION AND THERMODYNAMIC PARAMETERS FOR THE REACTION OF
[Rh(¢-BuNQ),]CIO, wrta Ph,SnCl 1N ACETONITRILE AT 25 °C

Reacti E, AH* or AH® AS* or AS° AG* or AG®
eaction kJ mol-1 kJ mol* Jmol TR iJ mol
Forward 45.8+0.8 43.3+0.8 —99.2+ 2.6 72.9+ 2.3
Backward 102 =+3 99.5+2.5 24.9+ 8.1 92.1+30.0
Equilibrium — —56.24+3.7 —124 =+12 ~19.2+ 2.2

polarity (Table 1). Accordingly, the equilibrium cons-
tant, K, undergoes the solvent effect to the same extent
as k,.  This result suggests that an activated complex in
the transition state has virtually the same polarity
as the final product.

Table 2 lists activation and thermodynamic parame-
ters for the [Rh(-BuNC),]ClO,~Ph,SnCl system in
acetonitrile at 25 °C. The entropy of activation, AS*,
for the forward reaction is large negative value, which
implies that the activated complex is subjected to
stereochemical restriction in the transition state. On
the other hand, the AS* value for the backward
reaction is small, suggesting the activated complex
may assume a structure which resembles that of the
adduct. It is well known that low-valent transition
metal complexes function as nucleophiles.?? In the
present reaction the Rh(I) ion of [Rh(+-BuNC),]CIO,
may initially attack the tin atom which is an electron
deficient part of the addendum. In the Menschutkin-
type oxidative addition reactions which have been
suggested to proceed via a linear transition state M?+--
R:-X?= (M=metal complex, RX=alkyl halide), the
rate constant of the reaction for X=Br has been re-
ported to be several hundred times larger than that
for X=CL® In contrast to this, the k, value in the
present reactions is larger in Ph,SnCl than in Ph,SnBr
in any solvents (Table 1), suggesting that the transi-
tion state may be different from that of the Menschutkin-
type reactions. Thus, the oxidative addition of Phy;SnX
toward [Rh(-BuNC),]ClO, may proceed via a three-
center (asymmetric) transition state which may involve
deformation of the [Rh(-BuNC),]* moiety from a
square planar configuration to some extent as follow.

L\/L Sné* L\T S *
n §+.0N
Rh~ | — | RAZ. \ | —» cis-Adduct
/\ Xx8- /I X8
L L
L L
L=¢-BuNC

Similar transition states have been proposed for the

reactions of IrCl(CO)(PR,), (R=alkyl, aryl) with
Mel and PhCH,X (X=Cl, Br).10
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