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The importance of aromatic compounds continues to inspire the Table 1. Catalyst Efficiency for Naphthyl Ketone Synthesis

development of general methods for the regioselective construction OR' o
of benzenes. Traditionally, this has been accomplished by regio- N catalyst ~)LR
selective introduction of substituents onto a preexisting aromatic S R CHsClp, 1t OO
ring.! Transition metal-mediated reactions, such asH2 + 2] 4aR=Me. R = Ac 5aR = Me
cyclotrimerization of alkynes and [4 2] benzannulations of bR =Ph, R'=Plv bR=Ph

enynes, for the de novo synthesis of aromatic compounds offer

ol alt ived Addit I al ted - ¢ entry  substrate catalyst additive (equiv)  yield? (%)

ine Bergman cyclization of endiynes have also been ivestidated. 1 42 24 PDPAUCI 5% AgSbs 2

T2 4a 5% AgSbk - <5
On the other hand, transition metal catalysis of the related Myers 3 4a 10% AgSbk, 4% PPh — 70
Saito cyclization of enyne allenes has received considerably less 4 4a 10% AgSbk, 4% PPh MgO (1.5) 84
attention* We hypothesized that this rearrangement might be cata- > 4a  10% AgSbls, 10% PPh MgO (1.5) 0
lyzed by transition metal-promoted alkyne activation; however, the ? jg é&APg%i?J%I4£AP:§SbE '\_Ago (1.5) 22
utility of this reaction is contingent on an efficient synthesis of the g 4b  5%t-BusPAUCH, 5% AgSbE  — 30
enyne allene precursor. Therefore, we envisioned the development 9 4b 5%¢t-BusPAUCI, 5% AgSbg ~ CH3CNP 71

of a catalytic Myers-Saito cyclization for the synthesis of aryl
ketones 8) in which the required enyne allene® @re prepared in
situ through a metal-catalyzed sigmatropic rearrangement (eq 1). Table 2. Silver(l)-Catalyzed Aromatic Ketone Synthesis

aDetermined byH NMR. ° Reaction conducted in 1:1 GBI,:CHsCN.

o OPiv AgSbFg (5.0 mol%) o)
c 0 X PPhg (2.0 mol%) X
fxlsgz _— f?‘u/\\/OAc:| _ -"VA‘CEJ\RZ (1) \©§R\ MgO (1.5 equiv.) R‘
SN AN s - i R, CHyCla, 1, 11 h 72 2
1 R 2 R 3 entry cmpd Ry Rz X % yield®

In light of our recent success employingsPAuCI with AgSbk ! a Me H H &2
in methylene chloride for carbercarbon bond formatiohyve chose 2 b Me Bu H o4
this catalyst system in preliminary studies of the proposed tan- 8 e Me Bu CFs o
dem reaction (Table 1). Treatment of propargyl acefatgth 5% ¢ ; Me Bu @ 5
cationic triphenylphosphinegold(l) afforded the desired naphthyl 8 e Me Bu OMe o4
ketonebain 25% yield (entry 1§ A control experiment employing 6 f Me Ph H 62°
only 5% AgSbk as the sole catalyst in methylene chloride only 7 g Me < H 60
produced a small amount of the desired naphthyl ketsmafter o N H H H 63
11 h at room temperature (entry 2)Given the presence of o ; 8 W N o
triphenylphosphine in the gold-catalyzed reaction, an additional o
control experiment using 4% PPénd 10% AgSbkwas conducted. 10 i Me \J—COWe H 51
We were surprised to find that under these conditions the desired COMe
ketone was isolated in 70% yield (entry®)Ve hypothesized that a|solated yield after column chromatograpByCorresponding propargyl

the silver catalyst was being consumed by the acetic acid generatechcetate gave 80% yield @& ¢ Analogous 5% P#PAUCI/AgSbk-catalyzed
during the course of the reaction. Therefore, addition of MgO, as reaction gave 48% yield.Based on consumed starting material; conversion:
- . . 70%.

an acid scavenger, further improved the yield of the Ag(l)-catalyzed
reaction to 84% (entry 4).In sharp contrast, the silver catalyst the Ag(l)-catalyzed tandem cyclization, allowing the preparation
proved ineffective for the rearrangement of pivalodtgentry 6). of 2-substituted naphthyl ketones and aldehydes. Notably, the
Thus, a second catalyst system, employing cationitettibutyl- Ag(l)-catalyzed tandem reaction proceeded smoothly with substrates
phosphinegold(l) in methylene chloride/acetonitrile, was developed containing a cyclopropyl ring (entry 7) and an additional alkynyl
and afforded the desired diaryl ketoBb in 71% yield (entry 9). group (entry 10). Notably, the regioselectivity of this reaction is

In view of the low cost and simplicity of silver salts, we first set complementary to the reported Lewis acid-catalyzed naphthyl
out to define the scope of the silver(l)-catalyzed aromatic ketone ketone synthesi&f
synthesis (Table 2). Using only 5 mol % of AgSpkith 2 mol % The silver-catalyzed reaction also allows for the synthesis of more
of PPh in CH,Cl,, propargyl pivaloate$a—j cleanly afforded complex aromatic systems. For example pivol8teinderwent
products7a—j after 11 h at room temperature. The yields remain Ag(l)-catalysis to furnish binaphthyl ketor@in 66% yield (eq
good to high with electron-withdrawing (entry 3) and electron- 2).10 Additionally substituted anthracerid was prepared in 40%
donating (entry 5) substituents on the starting aromatic ring. Both yield through a silver-catalyzed double cyclization of diestér
terminal (entries 1, 8, and 9) and internal alkynes participated in (eq 3).
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AgSbFg (5 mol%)
PPh; (2 mol%)
MgO (1.5 equiv.) 9
CH,Cly, 1t, 11h
66 %

AgSbFg (5 mol%)

N
N PPhj (2 mol%) Bu
BN S OOO
A
T Me  Mgo (1.5 equiv.) Bu
OPiv 10 Bu CH,Cly, 1t, 11h

40 %

In many cases the silver-catalyzed naphthyl ketone synthesis
proceeded as well or better than the analogous gold(l)-cata-

lyzed reaction. For example, the conversion fréfrto 7f (entry

6) was catalyzed by 5% cationic triphenylphosphinegold(l) to
afford 7f in 48% yield; however, all attempts at silver-catalyzed
rearrangement of pyrrol&2 and enediynd4 failed to produce the
desired aromatic ketones. In these cases, the analogotest-ri-
butylphosphinegold(l)-catalyzed reactions delivered inddd and
acetophenond5 in 58 and 55% vyield, respectively (eqgs 4, 5).

Ts OAc o
N 5% tBugPAUCI, 5% AgSbFg I
\ / N\ Q Me (4
N e CHoCl/CHGCN, rt, 10h Bu
12 58% 13
Bu
AcO_  __——Me 9
= 5% BugPAUCI, 5% AgSbFg
Me (5)
— CHoClo/CHACN, 70°C, 3h .

55% 15
Notably, there is no preexisting aromatic ring required for the latter
transformation.

A mechanism involving sequential rearrangements promoted by
transition-metal activation of the alkynes is envisioned (Scheme
1)12First, coordination of the metal to the propargyl ester produces

Scheme 1. Proposed Mechanism

OAc Q

+ AcOH
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Rz H20
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enyne allene through a [3,3]-sigmatropic rearrangenteyncle A)
Activation of the remaining alkyne inducesededig addition of
the allenyl acetateQycleB).1® In accord with this hypothesis, enyne
allenel6 could be isolated from the silver-catalyzed reactiofof
(eq 6). Resubjecting6 to the reaction conditions afforded expected
naphthyl ketonérf in 94% vyield (eq 6).

AgSbFg (5 mol%) AgSbFg (10 mol%)

PPhgz (2 mol%) OPiv PPhg (5 mol%)
—_— T7f (6)
MgO (1.5 equiv.) AN Me MgO (1.5 equiv.)
CHoClp, it Ph CHoCly, 1t

10% 94%

In conclusion, we have developed a transition metal-cata-
lyzed tandem [3,3]-sigmatropic rearrangement/formal My&aito
cyclization of propargyl esters to form aromatic ketones. A

mechanism in which the metal catalyzes both of these processes

through alkyne activation is proposed. Both simple Ag(l) and

Au(l) are effective catalysts for this air- and moisture-tolerant
transformation that is characterized by mild conditions and excellent
functional group tolerance.
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