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The palladium-catalyzed allylic alkylation (the Trestsuii Table 1. Optimization of Reaction Conditions
reaction, eq 1) is one of the most important reactions for ol (] o o
constructing G-C bonds in modern organic synthesisThe 0 o ¥ mol% (Col Me)SLMe
methodology allows the easy tuning of chemo-, regio-, and O " e Tsooc, overmignt.
stereoselectivities in complex organic transformatfofs.a general 1a 2a 3a
protocol, a carboxylate (or another leaving group) is required at :
the allylic position, which is activated by a palladium catalyst during 1 2 [Cur [Col TeHP ym":

i ) X 7 X entry (mmol) (mmol) (mol %) (mol %) (mmol) (%)

the reaction with a pronucleophitén theory, the direct utilization
of an allylic C—H bond rather than an allylic functional group would ; gg i g g g 5 ;g 212
avoid the need to synthesize the allylic functional group, thus 3 1.0 20 5 5 1.0 6
leading to increased synthetic efficientin the pioneering work 4 25 1.0 5 10 1.0 36
using allylic G-H bonds directly to formz-allyl palladium 5 2.5 1.0 10 10 15 29
complexes, Trost and co-workers reported an allylic alkylation from ? g:g i:g %_5 i% %‘_g gi
an allylic sg C—H in two steps in the late 1970sHowever, 8 50 1.0 1.25 5 20 60
because the in situ reoxidation of the reduced Pd(0) into Pd(ll) is 9 5.0 1.0 2.5 (Cul) 10 2.0 57
difficult, this reaction was stoichiometric with respect to Pd(ll), 10 5.0 1.0 25(CuB) 10 20 60
serving as both the catalyst and the oxidant. E g:g 1:g gg (Cuch) 118 (Co) 2%'0 107 0

Recently, we and others have developed various cross-dehydro- 13 5.0 1.0 25 10 (Caf 2.0 trace
genative-coupling (CDC) reactions for forming new-C bonds 14 25 1.0 0 5 1.0 10
by using two different &H bonds® The development of a catalytic 15 2.5 1.0 5 0 1.0 0

allylic alkylation via a CDC reaction would be quite desirable. aCuBr was used, unless otherwise nofeGoCh was used, unless

Herein, we report the first catalytic allylic alkylation directly using  gtherwise notedc NMR yields using an internal standard.
allylic sp> C—H and methylenic spC—H bonds (eq 2).
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"Pd" o Nu
AN A G — T e M ) ROH

R\ O
To begin our study, we chose cyclohexene and 2,4-pentadione eroon " AI(J Hz0

as the standard substrates to search for potential catalysts and R

suitable reaction conditions. When a palladium catalyst was used,

together with a catalytic amount of CuBr and a stoichiometric catalysts, the yield was slightly reduced (Table 1, entry 7 vs 8).
amount oftert-butyl hydroperoxide (TBHP),the desired product Under the same reaction conditions, CuCl provided results similar
was obtained in 5% yield as shown by th¢ NMR of the crude to those obtained with CuBr (Table 1, entry 7 vs 11); however,
reaction mixture (eq 3). Unfortunately, we were unable to improve CoCk gave the best yield of the desired product among the cobalt

catalysts tested (Table 1, entries 12 and 13). Whereas the use of a
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=

2
o

CDC reaction
A~H+ N ——m—— AN (2)

5 mol% [Pl o cobalt catalyst alone gave the desired product in 10% yield, no

@ 90 fL/:B:P. Me Ve product was obtained with only CuBr as the catalyst (Table 1,
Mo e e entries 14 and 15).

5% With the optimized reaction conditions established, various

substrates were subjected to the allylic alkylation reactions, and
the product yield beyond 5%, which indicated that the reaction with representative results are shown in Table 2. Various 1,3-dicarbonyl
palladium was stoichiometric. After countless failures, we found compounds reacted smoothly with cyclohexene under the standard
that the yield of the desired prodéeias improved to 25% by using  reaction conditions. When substituted 1,3-dicarbonyl substrates were
a combination of a copper catalyst (CuBand a cobalt catalyst  used, the desired quaternary products were obtained with reasonable
(CoCh)!° (Table 1, entry 1). The product formation was further vyields (Table 2, entries-68). Other cyclic alkenes (five-, seven-,
optimized by examining various reaction conditions, and the results and eight-membered rings) were also transformed into the desired
are shown in Table 1. The ratio of CuBr and Cp@ks found to products when reacted with the diketones. When 1-phenylcyclo-
be important for the reaction (Table 1, entry3). Increasing the hexene was reacted with 2,4-pentadione (Table 2, entry 9), the major
amounts of alkene and TBHP improved the yields of the desired product was obtained via the reaction of the less sterically hindered
product (Table 1, entry 6). By decreasing the amounts of the allylic C—H bond.
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Table 2. Cross-Dehydrogenative-Coupling Reactions of Allylic
C—H and g-Dicarbonyl C—H2

Entry Alkene Diketone Product Yield (%)'D
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aConditions: 0.025 mmol of CuBr, 0.1 mmol of Ce£b.0 mmol of
alkene, 1.0 mmol of 1,3-dicarbonyl compound, and 2.0 mmol of TBHP.
b|solated yields were based on 1,3-dicarbonyl compounds; the ratio of two
diastereomers is given in parenthesest 50 °C.

When cycloheptatrienet was reacted with 2,4-pentadione,
tropylacetylacetoné'! was obtained in 41% isolated yield (eq 4).
Interestingly, if cyclopentadien® was used, the major product
obtained was dihydrofuran derivativé? (eq 5), which was most
likely due to the further transformation of the alkylation product
in situ.
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On the basis of these observations, a tentative mechanism is
proposed in Scheme 1. A-allyl copper or allyl cobalt complex is
formed via the allylic H-abstractidafollowed by coordination. A
subsequent standard allylic alkylation followed by oxidation
provided the alkylation product and regenerated the catalyst. As
an insight into the mechanism of the reaction, a deuterated
experiment betweeB and 2,4-penadione provided a 1:1 mixture
of 9and10 (eq 6), which implies the involvement of an allyl metal
intermediate during the catalytic cycle. However, the exact function
of the combination of a copper catalyst and a cobalt catalyst in the
reaction is not clear at the present stage.
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In summary, we have developed a novel catalytic allylic
alkylation via a CDC reaction between allylic 3ssg—H and
methylenic spC—H bonds catalyzed by copper bromide and cobalt
chloride. This novel methodology provides a way to directly use
allylic sp* C—H bonds for the purpose of-€C bond formation.
The scope, mechanism, and synthetic application of this reaction
are under investigation.
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