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A Kinetic Study of the Thermal Loss of Ethylene analogue, and the known ethylene complexes of manganese
from CpNb(CO)3(5?-C2H4) in Supercritical Fluid (CpMN(COY(n?*-C,H,)) and rhenium (CpRe(C@)7*-CzHy)) were
Solvents produced from the respective tricarbonyls.

The niobium-ethylene complex, CpNb(Cgf)?-C;H,), formed
John C. Linehan,* Clement R. Yonker, J. Timothy Bays, and in situ from the photolysis of CpNb(C®)in SCF ethylene
S. Thomas Autrey thermally decomposes to the tetracarbonyl starting material. Since
. ) this reaction is performed in a closed system and the observed
Pacific ’\(Ii)r;?hrcv'gi ﬁgggﬁ:ﬂgﬁg?ﬁg}sm kinetics are first order in [CpNb(C@Q;2-C,H.)] with no observed
; ; dependence upon [CpNb(C)the source of the CO appears to
P.O. Box 999, Richland, Washington 99352 )¢ the free CO in the SCF solvent liberated from the photolysis
of CpNb(CO).82 A reaction scheme for the disappearance of
CpNb(COX(?-C;H,), previously described for gas-phase decom-
Chemistry Department  Positions of similar complexes, is shown in Schente 1.
University of Idaho
Moscow, Idaho 83844-2343 Scheme 1
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. . b _ CpNb(CO)(1*C,H,) % CpNb(CO)+ CH, (1)
Researchers have increasingly used supercritical fluids (SCF)
as reaction media and reactants in organometallic reactiohs. keo
many advantages of SCF over liquid solvents include higher mass CpNb(CO), + CO— CpNb(CO), 2
transport rates and higher gas reactant (i.g,, @D, ethylene,
etc.) concentrations. In addition, a truly homogeneous SCF has  Applying the steady-state approximation to eqs 1 and 2 and
all the reactants in one continuous phase without the usual gas/assuming thak, = kco, the rate expression reduces to (3) in which
liquid interfaces which routinely limit reaction rates and com-
plicate reaction kinetics in liquid systems. In this study we take kg = Kopd[C,H,I/[CO]) 3)
advantage of this homogeneity to investigate rates of reactions
involving small molecules (CO and ethylene) in the condensed ky is directly dependent oky,sand the concentrations of CO and
SCF phase which are normally only obtainable in the gas phase.ethylene!® The solvent concentration, fH,], was essentially
Here we present the first identification of group V, CpM(GO)  constant for any given temperatudte The [CO] is time dependent
(#>CHy) (M = Nb and Ta) (Cp is#nS-cyclopentadienyl) and equal to the difference between the initial [CpNb(g@hd
complexes and the kinetics of ethylene loss from CpNb¢cO) the [CpNb(CO)] at timet determined by IR. Plots of {{CpNb-
(7?>-CsHy) in SCF solvents. (COX(172-CoH4)]Y[CPNb(COX(17>-CoHa)] o} { [CoHA)/[CO]} vs time

Photolysis of a CpNb(CQY solution in SCF ethylene at 30  show first-order kinetic behavior with the temperature-dependent
°C8yields an IR spectrum consistent with a single ethylene-for- rate constants shown in Table®2l.
CO substitution at the niobium centefThe CpNb(COY#?-C,H.) An activation energyt,) of 23.74+ 0.4 kcal/mol AH* = 23.2
product has density-dependent IR bands at 1986, 1909, and 1882- 0.4 kcal/mol) for the ethylene loss from CpNb(G@F-C.Hy)
cmat 689 baPf. The proton NMR of this material anaerobically was determined from the Arrhenius plot of the kinetic ddta.
transferred from the IR cell into benzedg-shows only the Assuming the loss of ethylene from CpNb(G@Ff-C.H,) is
resonances expected for the proposed confpl&imilar com- through a dissociative pathway, our activation barrier provides
plexes could also be identified upon irradiation of the tantalum an experimental measure of the ethylen@bium bond strength.

C - — The logA of 15.34 0.3 (ASF = 9.7 & 0.3 eu) is consistent with
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Table 1. Rate Constantky, Measured for the Dissociation of
Ethylene from CpNb(CQ}#?-C.H,) in Supercritical Fluid Ethylene
at 689 bar

rate constant rate constant

temp (C) (ka)* (s™) temp (C) (ka)* (s™)
30 0.0141+ 0.0003 70 1.420.04
40 0.0563+ 0.0008 80 >2
40 0.067- 0.005 55 0.125: 0.005
55 0.292+ 0.005

a All uncertainties are quoted as 2 standard deviations of a least-
squares fit° Reaction medium was 7% ethylene in £OFor n-butyl-
CpNb(CO}(7?-CoHa).

symmetry of the organometallic intermediates in the latter
complexes when compared to the CpNb(e€@agment.

As expected, photolysis of CpNb(CQllissolved in a SCF
solution composed of 17% mole fraction CO in ethylene showed
no observable reaction even after 24 h of photolysis at@G0
The high CO concentration forces reaction 2 far to the right so
that no ethylene addition is observed on the relatively long time
scale (seconds to minutes) of these experiments.

The observed rate for ethylene loss framb{tyl-Cp)Nb(CO}-
(7?-C,H,) was half the observed rate of ethylene loss from CpNb-
(COX(5?-C;Hy) at 55°C, Table 1. The factor of 2 difference in
the observed rates corresponds taAH* of less than 1 kcal/
mol or aAAS of less than 0.5 eu. We assume the electron-
donating butyl group inrtbutyl-Cp)Nb(CO)(;7?>-C;H,) stabilizes
the niobium-ethylene bond. However, more experiments over

a greater temperature range are planned to test this hypothesis

We have also briefly investigated the effect of solvent on these
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There is no evidence of stable multiple ethylene substitutions
for the manganese, niobium, or tantalum systems investigated.
An IR band at 1962 crrt consistent with CpRe(CQO)-CoHa)2
was observed during prolonged photolysis of CpRe(@®pure
ethylene at 35C. The thermal decomposition kinetics of this
diethylene-substituted complex have not been quantitatively
measured but appear faster than ethylene loss from the mono-
substituted complex CpRe(C{)*-C,H,). Proton NMR analysis
of products of this photolysis yields an ABB' second-order
spectrum and supports the assignment of CpRe(@aD{H.),
with hindered rotation about each metathylene bond* This
is in contrast to the monoethylene complex, which shows only a
singlet for the rapidly rotating ethylene bound to the metal.

These experiments show the advantages that SCF can bring to
the field of physical organometallic chemistry. Performing the
reactions described here in SCF allowed the observation of what
are typically gas-phase kinetics in a condensed phase. In atypical
solvent system the CO solubility is minimal and the reaction rate
would be dependent upon CO transfer from the gas phase to the
solution phase. In addition the long kinetics in this paper allowed
the use of low concentrations of CO, which eliminates potential
phase separation problems which we have observed during
photolysis of cymantrene in SCF due to the change in the ethylene:
CO ratio’® We are continuing to investigate organometallic
reactions with small molecules in supercritical fluids using both
in situ IR and NMR spectroscopy.
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ethylene loss, but when corrected for the ethylene and CO

concentrations, the rate constant was comparable to the rate Supporting Information Available: Kinetic derivation, kinetic plots,

constant obtained in pure ethylene. The Gf@ts as an inert
diluent in this experiment, which is consistent with the niobitm
ethylene bond being stronger than the niobit@0, bond.
Comparison of the rate of ethylene loss from the niobium
complex with other similar Cpmetal complexes shows the
relative thermal stability in SCF ethylene to be CpMn(Q@%
C,H,) > CpRe(COY(n*C;H4) > CpNb(CO}(572-C;Hy) > CpTa-
(COX(5?-C,H,). The stability of the manganese complex is such

that it showed no evidence of ethylene loss over a week at room

temperature and no ethylene loss over 24 h at D0

IR spectra and data tables (10 pages, print/PDF). See any current
masthead page for ordering and Internet access instructions. See any
current masthead page for ordering information and Web access
instructions.
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(14)*H (C¢Ds) NMR of CpRe(CO)(5?-C;H4): 5.169 ppm (Cp, 5H, s),
2.074 ppm (GH4, 4H, s).*H (CsDs) NMR of CpRe(CO){j>-C,H4)2: 4.953
ppm (Cp, 5H, s) 1.97 ppm @E,4, 8H, m).
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