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Abstract

Heating CsMesCo{CH,=CHR), (R = H, 60°C; R = SiMe;, 20°C) in C;D, leads to deuterium incorporation in the vinylic sites of
the olefin ligands. This observation is interpreted in terms of reversible oxidative addition of C¢Dg to the 16-electron species

[C;Me,Co(CH, =CHR)L.
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1. Introduction

Extensive studies by Bergman and coworkers [1],
Jones and coworkers [2] and Graham and coworkers [3]
have established that 16-electron species of the type
[CsR{ML] (M = Rh, Ir) (1), generated in situ, undergo
facile oxidative addition reactions with the C~H bonds
of saturated hydrocarbons and arenes to yield alkyl
hydride and aryl hydride complexes of type 2. The
third-row iridium complexes are kinetically substan-
tially more stable than the second-row rhodium com-
plexes.

R's R'g
i M=Ir, Rh L \H
1 R = alkyl, ary! 2

In this communication we describe experiments which
suggest that first-row cobalt analogs also undergo facile
oxidative addition reactions with the C—-H bonds of
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arenes. The experiments reported involve thermolysis of
C;Me,Cololefin), complexes in C4D; which results in
H/D exchange between C;D, and the vinylic hydro-
gens of the coordinated olefins. Similar observations
have been described for C;R,Rh(C,H,), as early as
1974 [4]. Wadepohl and coworkers [5] recently reported
the C—H activation of simple alkenes in the course of
the formation of polynuclear [C H Co]-based clusters
using the Jonas reagent C;H,Co(C,H,), as the cobalt
precursor.

2. Results and discussion
2.1. Thermolysis of CsMe;Co(C,H, ), in C4 Dy

Heating C;Me;Co(C,H,), (3) in C(,Dg at 60°C
results in slow incorporation of deuterium into both the
syn and anti sites of the bound ethylene:

%‘Mes <I5Mes
CeDs o
\/C \/ 60 °C dd/\/c \//_d4

3

As the 'H signals for the vinylic hydrogens decrease
at 60°C, the signal for C;,D;H correspondingly in-
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Scheme 1.

creases. No decomposition of 3 is observed. Using
C¢Me, as an internal standard, the rate of deuterium
incorporation into the ethylene ligand was found to
obey first-order kinetics, k=4.0X 107%s~! at 60°C.
Under one atmosphere of ethylene, the exchange reac-
tion is almost completely suppressed and after one week
at 65°C only traces of H/D exchange are noted, to-
gether with thermolysis products of 3 (thermolysis prod-
ucts were not identified; see for example, for complex
3, Ref. [6]. Scheme 1 presents a mechanism consistent
with these results. > Since excess ethylene suppresses
exchange, the transition state for exchange must occur
following a reversible step; that is, C,H , dissociation is
not rate-determining. Based on the work of Jones and

: Catalytic H/D exchange mediated by m*-coordination of arenes
was first suggested by Parshall and coworkers [7].

Me Cl
5 N Z N SiMe,
\O -Cq_  Co— G\ - .
N/
Ci Meg thf, NaHg, rt, 1h

The high lability of 7 was established by a substitu-
tion reaction with P(OMe),. At 10°C rapid displace-
ment of olefin occurs to yield 8 as the sole product. [8
was isolated as dark red crystals from hexane (90%

\\>/CO\/\81M93

Me,;Si

coworkers [2] on rhodium analogs, an m’-arene interme-
diate may intervene in the interconversion of 4 and 5,
but no evidence is available to support this notion.

2.2. Thermolysis of CsMes;Co(C, H;SiMe, ), (7)

Since olefin dissociation is required to generate the
active intermediate 4, a more labile olefin complex
C;MeCo(C,H,SiMe,), (7) was examined. Complex 7
was prepared using the method reported by Koelle et al.
[8] for the synthesis of the parent bis-ethylene complex
3. (C,Me,CoCl), was reduced in the presence of vinyl
trimethylsilane as shown in Eq. (1). Only a single
isomer of 7 is observed. > No dynamic behavior in the
temperature range +50 to —80°C is detected. The
similar rhodium complex CsH Rh(C,H,SiMe,), has
previously been reported. In contrast to 7, two isomers
are observed for this rhodium complex [9]. * For a
report of isomers in similar Rh complexes see Ref. [11].

%7 was isolated as red crystalline material from pentane (75%
isolated yield). NMR spectroscopic data for 7: 'H (400 MHz, C¢Dy,,
20°C): 8 1.51 (s, 15H, C;Mey), 0.10 (s, 18H, SiMe;), 0.36 (d, 2H,
CH, syn), 1.84 (d, 2H, CH, anti), 0.87 (dd, 2H, CHSi syn);
Bc{'H) (75MHz, C¢D,, 20°C): & 2.43 (SiMe;), 9.67 (CsMes),
93.5 (CsMes), 43.7 (CHSD), 47.4 (CH,).

* The analogous cobalt complex CsH;Co(C,H;SiMe;), (7') has
been prepared in a modification of a procedure by Jonas for the
parent cobalt bis-ethylene complex. Only one isomer is observed, in
agreement with the characteristics for complex 7 [10]. 7' was isolated
as red crystalline material from pentane (45% isolated yield). NMR
spectroscopic data: "H (400 MHz, CeDg, 24°C): & —1.51 (dd,
CHSi), 2.38 (d, CH,, syn), 2.48 (d, CH,, anti), 4.52 (s, CsHy), 0.13
(s, SiMe,); *C{'H} (75MHz, C¢Dg, 20°C): & 0.29 (SiMe;), 50.38
(CH,), 41.21 (CHSI), 83.7 (C;Hy); the reactivity of this species is
under investigation.

Mesg

<>

| (1)

7

yield). NMR spectroscopic data for 8: 'H (400 MHz,
C,D,, 24°C): & 1.68 (s, 15H, C;Me;), 035 (s, 9H,
SiMe,), 1.65 (d, 1H, CH, syn), 2.09 (d, 1H, CH, anti),
0.61 (ddd, 1H, CHSi syn), 3.27 (d, 9H, P(OMe),);
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BC{'H)} (75MHz, C D, 20°C): & 9.81 (s, CsMey),
2.64 (s, SiMe,), 91.2 (d, CsMe;), 50.9 (s, CH,), 38.9
(d, P(OMe);), 32.9 (s, CHSI).] The second equivalent of
vinyl trimethylsilane is displaced at a convenient rate at

Mes Meg
d : ¢
o} 1 o
N\ \/\SiMea \5/
Me,Si I Me;Si
MES
excess | excess
P(OMe); Co_ P(OMe);
R \/ P(OMe)q
10°C 50°C
CeDs Me,Si 8

The rate of conversion of 7 to 8 was measured at
several concentrations of P(OMe),. With the concentra-
tion of 7 held at 0.018moll™', essentially identical
first-order rate constants were observed at all concentra-
tions of P(OMe); (0.04moll™!, k= 0.0012s""
0.18mol 17!, k£ =0.0012s""; 048 moll™!, k=
0.0012s™'; 0.76mol1™", k=10.0011s""; 1.21 mol1™",
k=0.0013s""'). A typical rate plot is shown in Fig. 1.
These results indicate that substitution occurs by a
dissociative process with the observed rate constant,
0.0012s™ ', equal to &, in Eq. (2) at 10°C. Furthermore,
the high lability of 7 demonstrates it as an excellent
source for the l4-electron building block [C Me;Co]
and allows the introduction of a wide range of ligands L
under mild conditions.

Thermolysis of 7 at 20°C in C,D, led to the incorpo-
ration of deuterium into the «-position of the bound
CH, =CHSiMe;:

Mesg Meg
CCI’57 20° CC(f?
CeDs D
Co 678 Co
\5/ \/\SiMea \//D\/\S”\Aes
4 1
MeySi 1 =23x10%s Me,Si -1

The rate of deuterium incorporation follows first-
order kinetics with k=23 X 107*s~' (20°C) in C,Dj
and is an order of magnitude slower than olefin dissoci-
ation. [The reaction of 7 with P(OMe), at 20°C was
found to result in a first order rate constant &, for olefin
dissociation of 0.006s~'.] A sample plot for this kinetic
experiment presented in Fig. 2 illustrates the first-order
deuterium incorporation. The temperature dependence

50°C (k=14X10"*s"', C4DsCD;, 15 equiv.
P(OMe),) to yield the bis-phosphite complex 9 (Eq.
2).

@)

of this process was determined and the resulting Eyring
plot yielded activation parameters for this H/D ex-
change reaction of AH* =23.6kcalmol ™' and AS* =
5.0e.u. (Fig. 3). No deuterium incorporation into the
B-positions occurs under these conditions. ° Thermoly-
sis of 7 longer than 2 h in aromatic solvents at tempera-
tures higher than 40°C results in partial decomposition.
Incorporation of a deuterium label into the [CsMe,]
proton sites of complex 7 or the parent bis-ethylene
complex 3 during catalytic H/D exchange was never
observed. A similar mechanism to that shown in Scheme
1 must apply, except the migratory insertion of the
olefin deuteride intermediate, 10, must be regioselec-
tive:

Mes Meg
| }
C o —_— Com
CgD RERE—
\/ \D sDs §<H CeDs
Messi” g Me,Si” D

The rate of H/D exchange in complex 7 was also
determined in the solvents C,D,CD, (k=13 X
1077s7", 20°C) and C,D,Cl (k=20x10""*s"",
20°C). The olefin complex 7 decomposed to unidenti-
fied products in C,D;Br and C,D;NO, upon mixing.
With C(D;CD; as a solvent regioselective H/D ex-

*5C{'H} NMR spectroscopy of a reaction mixture of 7 in C¢Dy
after H/D exchange at 20°C, 2h, reveals only one resonance cou-
pled to deuterium at & 43.7 (75MHz, C,D,. 20°C, t, CDSi).
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Fig. 1. Reaction of 7 (0.0018mot! ™'} with P(OMe), (1.21 moll™")
to 8 in C¢Dy at 10°C. Observed first-order rate constant k., =
0.00131s!. The reaction was followed by 'H NMR and rate data
extracted from changing C;Me; resonances for 7 or 8.
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Fig. 2. First-order plot for deuterium incorporation into the «-olefinic
sites of 7 in C¢Dy at 20.1°C, k,, =22%x10" %57,
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Fig. 3. Temperature dependence of the first-order rate constant for
H/D exchange into the «-olefinic sites of 7 in C,D, — Eyring plot
and observed rate data.

change into the meta and para sites of the arene is
observed (the para site is slightly preferred). The resid-
ual resonance of the toluene methyl group was not
changed in integration over the reaction period investi-
gated.

Addition of excess vinyl trimethylsilane to a solution
of 7 in C4Dg inhibits the observed deuterium incorpora-
tion into coordinated olefin at 20°C. This confirms the
mechanistic proposal of a dissociative first step. How-
ever, in a reaction of complex 7 with 5 equiv. vinyl
trimethylsilane in C,D, at 50°C, deuterium incorpora-
tion into all vinylic sites of coordinated as well as
uncoordinated olefin in solution is observed after Sh. ®
At this temperature complex 7 decomposes without
excess olefin in solution. The deuteration of free vinyl
trimethylsilane clearly results from H/D exchange in
the bound vinyl silane followed by olefin exchange.

3. Summary

The H/D exchange reactions described here estab-
lish that the 16-electron species [C,Me;Co(L)] can acti-
vate sp° C—H bonds via oxidative addition under mild
conditions. While this is a well-established reaction for
II) and Rh(I) analogs, the ability of the first-row
cobalt systems to participate in such C-H activation
reactions has been unresolved, see for example Ref.
[12}. Similar H/D exchange reactions have been de-
scribed for C,R,Rh(C,H,), [4], but high temperatures
(130°C) were required due to the high barrier for loss of
C,H, from these species. A key to observing H/D
exchange at much lower temperatures in the present
cobalt system was the synthesis of the stable but very
labile bulky bis-olefin complex C,Me;Co(C,H;-
SiMe,),. 7. The high lability of the vinyl trimethylsi-
lane ligands in this complex make it an excellent source
of the 14-electron fragment [C;Me,Co] and we are
currently developing new catalytic reactions based on
7.7

® The resonance of the a-proton of vinyl trimethylsilane in solu-
tion is reduced to 33% after 3h at 50°C. The resonance for the
B-protons of vinyl trimethylsilane is reduced to 70% in the same time
period ('H NMR spectroscopy). " C{' H} NMR of a typical reaction
mixture after thermolysis at 50°C for 8h demonstrates deuterium
incorporation into free olefin (& 140.2, gi, CD,; 131.1, t, CDSi;
75MHz, C( Dy, 20°C).

" The propene complex C;Me;Co(C,H;Me), 11 was reported by
Spencer and coworkers [13] to be unstable and was not isolated after
in situ generation. The intermediate position of vinyl trimethylsilane
between ethylene and propene, considering steric requirements for
olefin coordination, allows the synthesis of the highly labile olefin
complex 7.
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