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Summary: Catalytic dehalogenation of fluorinated and chlori-
nated ethylenes by (PBBRhCI in the presence of §8iH at

to their apparent preference for’dpybridized C-F bonds and
our interest in haloalkene dehalogenatiofo this end, we

35°C s described, and product identity and kinetic parameters initiated a study of phosphinorhodium-catalyzed dehalogenation
were determined. This system has an intramolecular preferenceof simple mono- and disubstituted fluoro- and chloroalkenes.

for Cl over F remaal, an intermolecular preference for Fver
Cl-containing alkenes, and a strong preference faraer sp

These substrates are important to study, not only for their en-
vironmental relevance but also because they represent elemen-

carbon-halogen bonds. Both the substitution pattern and the tary sg-hybridized structures that may yield valuable mecha-
substituent identity are important in determining the rate of the \istic information.

dehalogenation.
Interest in transition metal promoted—& bond activation

Treatment of vinyl fluoride (20 mM in €Dg) with EtzSiH
(125 mM) and a catalytic amount of (P&RhCI (2.4 mM) at

has been increasing in recent decades, mirroring the growth of35 °C leads to complete defluorination in 50 min (eq 1). The
fluorocarbons in new materials, pharmaceuticals, and otherinitial products are ESiF, EtSiCl, and ethylene. The yield of
applications: While there have been substantial advances in this process is nearly quantitative, as 90% of then@ss is

C—F activation reactions, catalytic systems remain faf&ince
the initial report, in 1994, of catalytic €F activation by
Aizenberg and Milsteid, phosphinorhodium complexes have

accounted for as ethylene, as determineétb}MR integration
versus an internal standanokxylene. With extended reaction
times, ethylene is consumed, yieldings&CHCH,, EySi,

emerged as promising homogeneous defluorination catalysts,ethane, and butenes. If fluoride is transferred to the rhodium

being active toward fluorinated aredeband alkene8.In these

during the course of the reaction, (RRRhF may be an

studies, H and various silanes have been employed as reducingintermediate. While not proof of its intermediacy, it is note-
agents, and alkyl and aryl phosphines have been used asvorthy that the defluorination reaction can be performed starting
ancillary ligands. We became interested in these systems duewith (PPh)sRhF, which was prepared independeritiNo
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reaction is observed when vinyl fluoride is treated with either
Et;SiH or (PPR)3sRhCI alone.

R H cat. (PPhy);Rhcl H H
V=( + HsiEt, cat. (PPhg)sRCI Y—=( + FSiEty )
H H CeDs, N2 H H

35°C

Under identical reaction conditions, vinyl chloride undergoes
dechlorination to yield ethylen¥.Mixed fluorochloroethylenes
also undergo dehalogenation. Reaction of 1,1-chlorofluoro-
ethylene proceeds rapidly, giving complete dehalogenation in
120 min at 35°C. The dechlorination product, vinyl fluoride,
is observed byH NMR as an intermediate during the reaction.
No vinyl chloride was observed, indicating thatramolecular
competition favors chloride over fluoride elimination. Dehalo-
genation of a mixture of 1,2-chlorofluoroethylenes shows similar
selectivity. As with 1,1-chlorofluoroethylene, only vinyl fluoride
is observed during the dehalogenation of the 1,2-chlorofluoro-
ethylene mixture, reinforcing the conclusion that intramolecular
competition favors chloride loss in this system.

To further characterize this fundamentat E bond activation
process, a study of the reaction kinetics was undertaken. The
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F, the results indicate that the substitution pattern is potentially as
C|>‘= 5 important as the substituent identity in determining the deha-
/ \ logenation rate.
A 13 This system shows a marked preference fspbridized
C'\ZX T F\: C—X bonds versus Sghybridized bonds. For example, many
e F\j e of the kinetic runs were conducted with a small amount of
\ Y - CH.ClI, present due to cocrystallization with (P¥RhCI. No
50 18 10 decay of the CHCIl, peak area was observed during the
c. cl ; " -
\—/ dehalogenation of gghybridized C-X bond containing sub-
. strates. The same lack of reactivity was found whernpCl§
2% 2

was employed alone as a substrate, in the absence of any poten-
Figure 1. Relative rate constants of dehalogenation for chlorinated tial competitors. Similarly, 1,1,2-trichloroethane and 1-fluoro-
and fluorinated ethylenes and their subsequent reaction productsgctane show no dehalogenation under the reaction conditions.
Values were determined from loss of substrate over time U$ing  Tne |ack of reactivity with shC—F bonds is notable, as it
NMR at 35°C and are relative to the rate of dehalogenation for indicates that the reactive species is naSEt, which has’been

trans-1,2-chlorofluoroethylene = 1.7 x 10°° s1). Each . . .
sealable NMR tube corzltainelééb;ubstrate{zo mM),)cataIyst shown to catalytically and selectively defluorinate® <p—F

((PPh)sRhCI, 2.4 mM), E$SiH (125 mM), and internal standard ~ PONds’

(p-xylene, 3.3 mM) in GDe. Not all sg-hybridized C-F bonds are reactive; fluorobenzene
shows no defluorination under these conditions. Other groups
20 working with closely related systems have also noted the

recalcitrant nature of fluorobenzefi¢. Young and Grushin were
able to activate the €F bond of 1-fluoronaphthalene using
(PCys),Rh(H)CL under more forcing conditions (9% and 80
psi Hy) than employed in this study.

The catalytic defluorination system using (BRRBRhCI as a
precatalyst in the presence og&iH is defined by three notable
features: fluoroalkenes react faster than fluoroarenes and
fluoroalkanes; vinyl fluoride reacts faster than vinyl chloride;
and, (in an apparent contradiction) when both fluoro and chloro
substituents are present, such as in 1,1-chlorofluoroethylene, the
chloro substituent is removed preferentially. These facts suggest

and EtSiH (125 mM) at 35°C and the subsequent appearance of a me_chanism that hf!s (at least) tV\./O steps, rat(_e-determining
ethylene as a reaction product. Curves represent nonlinear first-Insertion of the alkene into a metettiydride or metat-silyl bond

order decay and growth fits to the data for vinyl fluoride and followed by cleavage of the-€€X bond. Such a general scheme
ethylene, respectively. Wo_uld account for the e_nhanc<_3d reactivity of the ylnyl fI_u_orlde

o ) _ owing to the small steric profile and gooddonating ability
kinetic experiments were conducted in a temperature-controlled of the fluoro substituent. It also allows for an intramolecular
NMR probe under the same conditions described abO.VG-J)reference of €CI cleavage over EF cleavage, if chloride
Concentrations of the reactants and products_were determineqs g better leaving group than fluoride in this system, as long as
by integration of thetH NMR resonances relative to those of it gccurs after the rate-determining step.

the internal standargb{xylene). All substrates exhibited pseudo e the reaction mechanism has not been established, we
fIrSt-Order k|net|CS, and the rela“ve rate constants Of Substrate have been ab'e to exc'ude two |ead|ng Cand|dates |nsert|0n/

loss are summarized in Figure 1. A representative set of kinetic g_hajide elimination and hydrosilation forming haloalkylsilane

data for vinyl fluoride degradation is shown in Figure 2. The jntermediates.

reaction was performed with a catalyst loading as low as 0.5%. A ywo-step process that involves insertion of a haloalkene

The measured dehalogenation rate constant varies linearly withinig the RR-H bond to yield aB-haloalkyl rhodium species

catalyst concentration. N followed by 8-halogen elimination predicts stereospecific place-
Given the generally lower reactivity of-€F bonds compared  ment of the incoming hydride. The example of-Rb and 1,2-

to C—Cl bonds, it was surprising to find vinyl fluoride to be  ¢js gichloroethylene is shown in eq 2.

the fastest substrate, with a dehalogenation rate 6 times that of

vinyl chloride. Thisintermolecularkinetic preference for the o
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=
1

L
T T T T T
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Figure 2. Vinyl fluoride degradation by (PRRhCI (2.4 mM)

. ! . Rhj—D [Rh] D -Rh—ClI CI H
fluorinated substrate stands in contrast to the preferentia@IC = RN s = )
i i cl Cl p-elim.
cleavage seen in chlorofluoroalkenes, the resumtwémolecu- H H H H - H D

lar competition. Another striking kinetic result was the much
faster dehalogenation of 1,1-chlorofluoroethylene compared to  When 1,2eis-dichloroethylene is treated with §3iD and
1,2-chlorofluoroethylenes, with the latter substrates taking hours (PPR)sRhCI, a 1:1 mixture oE andZ 1-chloro-2-deuteroeth-

instead of minutes to complete. ylene is produced, even at early reaction times (eq 3).
The inherently lower reactivity of 1,2-dihaloalkenes compared

to 1,1-dihaloalkenes in this system is also seen withl,2- Et;SiD

dichloroethylene and 1,1-dichloroethylene. Both substrates WereC'>:<C' (PPhg)sRNCI C'>_<H . C'>:<D 3)

found to yield vinyl chloride as an intermediate. No isomer- |/ "9 H H

ization of thecis-1,2-dichloroethylene tdrans-1,2-dichloro- 1 Do

ethylene was observed during the dechlorination. Similar to the
fluorochloroethylenes, 1,1-dichloroethylene was dechlorinated This is strong evidence against the simple inserfien/
faster tharcis-1,2-dichloroethylene at 35C. Taken together,  elimination mechanism (eq 2).
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A second mechanism involoves catalytic hydrosilation of the these mechanisms are operative for other substrates. Further
vinyl halides to give haloalkysilanes. These haloalkylsilanes mechanistic studies are in progress.
would then eliminate BSiX and the dehalogenated alkene.
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