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The development of catalytic methods for the regiospecific Table 1. Phosphine Catalyzed Arylation of Cyclohexenone Using

. . . e a,
generation and capture of enolates via tandem conjugate adslition BiAaClReagents TTNERET
3 ()

electrophilic trapping is currently under investigation in our lab. o Ar3BICl, (100 mol%) o

Here, enone hydrometallation (1,4-reductibenone carbometal- -

lation (1,4-additionf,and nucleophilic catalysisiave been applied gErZC';IIEtt(I;OgITO:/jI))

to the regiospecific generation of enolate nucleophiles, which are 1 z 2'2_5;1(; © 1a-1f
found to engage in subsequent additions to aldefydé&etonelde2
esterze nitrile,2¢ activated alkené?-3aband Pd(l1)sz-allyl3 partners. o} O o} O e o ‘ F
Further development based on this enone-electrophile template is

potentially enabled through the useaenesas terminal electro- ‘ ‘ ‘

philes. Indeed, while considerable effort has been devoted to 1a, 93% 1b, 44% 16, 66%
transition metal catalyzed enolate arylation by way of ketone
pronucleophile$;> general catalytic methods for thearylation of

L O 2 O 2 0
enones have not been descriiédere, we report a method for ‘ ‘ ‘ F

the regiospecifica-arylation of enones and enals under the
conditions of nucleophilic catalysis. Specifically, exposure of cyclic 1d, 80% 1o, 71% 1£, 76%
enones or enals to 1 equiv of Bi&l, and Hunig's base in the
presence of substoichiometric tributylphosphine results in aryl o) 0 0 F
transfer to afford the correspondingaryl enones and-aryl enals ‘ O OCH;8 ‘ O CF, ‘ O CHs

in good to excellent yield. l

Scheme 1. Proposed Mechanism for Catalytic Enone o-Arylation 19, 67% 1h, 65% 1i, 75%

under the Conditions of Nucleophilic Catalysis 2 See S - " on f detailed . | a
S PBwr (20 mo) s ee Supporting Information for a detailed experimental procedure.

BiAr,Cly (100 mol%) A Isolated yields after purification by silica gel chromatography.
n n

Table 2. Phosphine Catalyzed Arylation of Cyclopentenone Using
BiArzCl, Reagents&?

i-ProNEt (100 mol%)
CH,Clp-t-BuOH (9:1)

|BusP 25°C BusP o PBuj (20 mol%) o
BiAr,Cl Ar3BiCl, (100 mol%) A
0O OBIAr;CI He r
i-ProNEt (100 mol%)
CH,Cly-t-BuOH (9:1) 2a-0f
n(H—@

n ® Cle 2 259G
PR3 V PR3

BiAr,Cly o) O o) O CHy ¢ O F
Triarylbismuth(V) reagenfssuch as BiP§Cl, are well-known O O O

to effect the arylation of alcohdlsand amined? as well as the 2a, 70% 2b, 62% 2¢, 79%
C-arylation of phenol$! S-dicarbonyl compound¥, preformed

alkali-enolated? and enol silane¥! A catalytic mechanism for o cl o Br o]
enonea-arylation under the conditions of nucleophilic catalysis O O O r
using triarylbismuth(V) reagents is easily envisioned (Scheme 1). Q Q Q

However, the feasibility of phosphine catalyzed enorarylation 2d, 75% 2e, 80% 2f, 73%
using triarylbismuth(V) reagents requires compatibility between

tributylphosphine, a Lewis base, with the triarylbismuth(V) reagent, o O 0 O o O F
a Lewis acid. Additionally, Bi(V)-mediated phosphine oxidation Q OCH;3 Q CFs Q CHy
should be slow with respect to aryl transfer pathways. To assess

the feasibility of applying nucleophilic catalysis to thearylation 29, 85% 2h, 72% 2i, 89%

o .
enones, cyclohexenorie(100 mol %) was exposed to Bifl a See Supporting Information for a detailed experimental procedure.

(100 mol %) in the presence of tributylphosphine (20 mol %) and b |splated yields after purification by silica gel chromatography.
Hunig’s base (100 mol %) at ambient temperature in,Clpt-

BuOH solvent. Gratifyingly, thea-arylation productla was catalytico-arylation of cyclohexenon& (Table 1) and cyclopen-
obtained in 93% isolated yield as a single regioisomer, as tenone2 (Table 2) was explored using diverse triarylbismuth(V)
determined by!H NMR analysis. Under these conditions, the dichlorides. As demonstrated by the formation @farylation
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Table 3. Phosphine Catalyzed Arylation of Crotonaldehyde Using
BiArsCl, Reagents??
o PBu3 (20 mol%) o

Ar3BiCl, (200 mol%) J\{Ar
H

i-Pr,NEt (100 mol%)

3 CHs CH,CI,+BuOH (9:1) 3a3q O
25°C
cH
0 o
H H
CHs CHs
3a, 61% 3b, 49%
F
o 0
H H F
CH, CHs
3, 70% 3d, 54%

a See Supporting Information for a detailed experimental procedure.
b |solated yields after purification by silica gel chromatography.

productslb—e and2b—e, aryl transfer proceeds readily using para-
substituted triaryl bismuth(V) dichlorides. However, it was found
that strongm-donating substituents in the para-position diminish
the efficiency of aryl transfer. For example, transfer of para-

methoxy-substituted arenes occurs in greatly diminished yield. As

demonstrated by the formation ofarylation productslf—h and
2f—h, meta-substituted triaryl bismuth(V) dichlorides transfer

efficiently, even in the case methoxy-substituted systems. Finally,
the transfer of disubstituted arenes is illustrated by the formation

of a-arylation productdli and 2i.
To further probe the scope of this transformation, alternative

pronucleophiles were examined. The collective experiments reveal

the pronucleophile must be substituted at faposition, because
of competitive anionic polymerization. Additionally, it appears that
the pronucleophile must readily achieve strans-conformation.

For example, whereas cyclic enones such as cyclohexenone and
cyclopentenone undergo arylation in good yield, corresponding

acyclic systems provide-arylated products in greatly diminished
yield. Gratifyingly, it was found thag-substituted enals, such as
crotonaldehyde3, participate in aryl transfer to provide the
o-arylated enal8a—d in modest to good yields.

In summation, cyclic enones afisubstituted enals undergo
regiospecific a-arylation under the conditions of nucleophilic
catalysis using triarylbismuth(V) dichlorides. This approach comple-

(CS0927), the Alfred P. Sloan Foundation, the Camille and Henry
Dreyfus Foundation, Eli Lilly, and the UT-Austin Center for
Materials Research (CMC) for partial support of this research.

Supporting Information Available: Spectral data for all new

compoundsd NMR, *C NMR, IR, HRMS) (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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