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Alkyl and aryl halides serve as useful starting material for the Scheme 1

synthesis of a wide range of products. Alkyl chlorides are the CO4Et

. COEt
cheapest and most diverse group among these. However, they are N=", @ al CO,Et
of somewhat limited value as starting material because, as compared © 2, CH,Cly CH,Cl
to bromides and iodides,-&Cl bonds in alkyl chlorides are much 5 6a

more difficult to activate (this serves well for the utility of

Table 1. Products and Yields of the Carbene Insertion
compounds such as G@l, and CHC} as solvents)3 The

CO,Et

relatively low reactivity of alkyl chlorides is a result of the NZJOZE‘R—:(> X~

intrinsically higher bond strength of the-Cl bond (e.g., HC— 4 713 61416

Cl, —Br, and —I bond energies are 84, 70, and 56 kcal mpl

respectively) and lower leaving-group abilftfMethods (preferably Substrate Product Yield (X=CD)  Yield (X=Br)
catalytic) that allow the activation of carbehalogen bonds under TR (@=ClLb= B;)Oza (%) ()"
mild conditions are of significant current interest. Considerable o x—<CH2X

progress has been achieved recently in metal (e.g., Pd)-catalyzed 7 6 26 65
cross-coupling reactions involving aryl and some alkyl chlorides; CHX, couet

however, most of these reactions occur well above room temper- x~

. . . CHX3
ature!~36 Here, we describe the discovery of a silver-catalyzed 8 14 60 29

activation of carborrhalogen bonds through a carbene insertion

CXs CO,Et
process that occurs at room temperature. To the best of our *oxe
knowledge, there is no precedent for such a metal-mediated process 9 15 62 48°°
in the literature, although there are reports of similar products being X M
obtained during the photchemical decomposition of methyl or ethyl Nooset
diazoacetate in chlorocarbon solvefts: 10 16 39 78
Cl
H S} H CI_< kcozlzt
FC ‘|3 CF3 CF5 FsC .'3 CF3 CF3 11 16a 70 -
N/ \N\N N/ \N{N X X
| |
@RI LD r oo
\ X 12 16 63" 60"
FaC CFs ¢k € 29 CFs cr
/\ 3 cl
[HB(3,5-(CF3);Pz)s] ~ H R o~ Ncoset
1 PG NG 13 16a 73 .
N MeO OMe
k0 !
N /\)N N a2These isolated yields are based on the average of at least two
g CF experiments and on the amount of EDA use@ihe material balance is
FsC l S CF accounted for by dimerization of EDA (fumarate and male&t®eaction
o_ 2 performed in CHCl,. 99% of 6a formed.©3% of 6a formed. Yield
( ) determined by GCY47% (GC yield) of cyclohexene was formeétb7%

(GC yield) of cyclohexene formed.

For a number of years, we have been interested in the chemistrycan be readily isolated and characterized@his is in contrast to
of metal complexes containing fluorinated tris(pyrazolyl)borate the reaction oR with the more reactive ethyl diazoacetate (EDA,
ligands such as [HB(3,5-(G}zPz)]~ (1).1>13These ligands confer ~ 4), which provided no isolable metal complex, although the
exceptional stability on the complexes (e.g., consider the air and evolution of nitrogen suggested the possible formation of a carbene.

thermal stability of compounds such as [HB(3,5-(Pzx]MCO Consequently, attempts were made to demonstrate the intermediacy
(where M= Cu, Ag, Au)*[HB(3,5-(CR),Pz)]CuC;H4,3 [HB(3,5- of silver carbene by trapping experiments. In the course of
(CR3)2Pz)]Gal® and [HB(3,5-(CR).PzxAgGe(CI[(n-PrRATI]). 1617 investigating the reactions of the presumed metallacarbene derived

Some of these metal adducts still retain the ability to catalyze a from 21° and EDA with benzene, it was found that, in addition to
variety of transformation&'8 Part of our interest in these systems reaction with thez-bond leading to the ring expanded produt4t
stems from the ability to isolate complexes that may be models for an apparent insertion into the-Cl bond of the reaction solvent
intermediates in catalytic cycles. For example, the reaction of CH,Cl; occurred, providinga (12%) as a minor byproduct. When
[HB(3,5-(CR),Pz)x]Ag(THF) (2)'° and dimethyl diazomalonate at  the reaction was conducted in the absence of the arene i€lgH
room temperature provided the thermally stable sab)d Wwhich 26% of the insertion produd@a was obtained (Scheme 1). Given
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Scheme 2 Although at this point no rigorous mechanistic studies have been
_ COEt__ 2 _ COEt Rp—x i - COsE conducted, a working hypothesis has evolved based on the observed
N2 4 " g" 79 R//_m products and the known behavior of metallacarbenes (Scheme 2).
Kool 2 Presumably, a silver carbenol¥ is formed on reaction of the
=Cl, Br . . . . .
Ry catalyst with ethyl diazoacetatd)( which then reacts with the halide
1013 to form a ylide (L8). In the absence of &hydrogen, a 1,2-shift of
X R, CO,Et the alkyl moiety occurs to provide the rearrangement prodi8 (
N e x—~ . I
COEt H‘/—I\COZEt - — 6, 14, 15). If a S-hydrogen is present, elimination occurs to
16 Rz 19 T1ab 6, 14, 15 provide the corresponding ethyl haloacetdigt(— 16) and alkene
(29.
Table 2. Dependence on Catalyst In summary, we have identified a novel silver-catalyzed process
_ POt Cal o involving carbene precursors and aliphatic carbbalogen bonds.
N2 R CHCly This transformation results in the formation of a new-sg®
carbon-carbon bond and the net migration of a halide atom. Further
Catalyst 2Et Fumarate/Maleate/% EDA/% attempts to exten is chemistry as well as additional applications
o("OE / ttempts to extend this chemistry Il dditional applicat
CHCl, oy, of this catalyst are under investigation in our laboratories.
Ag,0 2 91 3 .
Angf 8 17 69 Acknowledgment. This work has been supported by the Robert
Ag[HB(3,5- 0 0 92 A. Welch Foundation.
Me,Pz)5] . . . -
AgSbFs 7 85 4 Supporting Information Available: Experimental procedures and
Rhy(OAc)s 0 Nd* 0 spectroscopic data for all of the compounds (PDF). This material is

aNot determined; dimers were the only observed product ifkhEMR
of the crude reaction mixture.

available free of charge via the Internet at http://pubs.acs.org.

this result, a number of chloroalkanes were surveyed, including a References

number of common chlorinated solvents and chloroalkanes (Table
1, 7a—13@), as substrates for this insertion.
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