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ABSTRACT
Z q Ar H Ar
~F Pd (0) 7 3
X + Arl + Bu;SnSnBu; —— + X
HnR—O nIi{ OH ng OH
n=1,2;R=H, CH, major minor (separable)

X = NTs, O, C(CO,Et),

The arylative cyclization of allenyl-aldehydes with aryl iodides and hexa-n-butyldistannane to form substituted cyclopentanols and cyclohexanols
by tandem palladium-catalyzed carbostannylation and allylation was achieved under mild conditions.

In the field of organic synthesis, it would be very desirable the development of a new palladium-catalyzed allene chem-
to facilitate two- and/or multistep bond formation in one pot istry led us to explore the palladium-catalyzed chemoselec-
using a single catalyst at a uniform temperature to achievetive arylative cyclization/allylation of allenyl-aldehydes and
economically useful transformations, which should minimize -ketones with aryl iodides and BBnSnBy, which allows

the chemicals used and the waste produced, as well as thehree reactive functionalities to participate in the coupling
reaction time-2 Jeong et at.reported allylation/Pausen seguence in a one-pot reaction.

Khand reaction with two artificial catalysts in a one-pot |t js thought that allenyl-aldehydes and -ketones are good
procedure and then Evans and Robirtsorodified it in a  gypstrates to form-allylpalladium complexes through the
tandem sequence with a Rh complex as the only catalyst.reaction of the allene moiety with aryl iodides, which
Recently, Shibasaki and co-workereeported a one-pot  transmetalate with BnSnBy to give allylstannane5The
synthesis ofs-cyanohydrin from olefins with the multiaction  5)\yistannanes thus formed in situ can be subjected to
of a Zr catalyst. In our ongoing studies to use allene carphonyl allylatiof? in a tandem sequence using a single
substrates in organic reactions, we recently investigated thepalladium catalyst and at a constant reaction temperature,

palladium-catalyzed tandem silastannylation/carbonyl al- 535 shown in Scheme 911 We report here the palladium-
lylation of allenyl-aldehydes and -keton&Qur interest in
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catalyzed tandem arylative cyclization of allenyl-aldehydes
and -ketones with aryl iodides and hexautyldistannane.
To find optimum conditionsN-tosyl branched-allenyl-

aldehydelawas used as a model compound, and a series of _

experiments was performed with iodobenzera)((1.1
equiv) and BySnSnBy (1.1 equiv). Of the catalysts Rd
(dba), PACL(CH3CN),, Pd(OACc)H/tri(2-furyl)phosphine, and
(7r-allyl).Pd.Cl,, Pd(dba) gave the best yield. Among the
solvents THF, CHCN, toluene, and DMF, THF gave the
best results, although GBN and DMF were also effective.
The best conditions were determined to bg(&loa) (5 mol
%), Phl, and BeSnSnBy in THF at reflux for 1 h (condition
A) and Pd(dba) Phl, and BygSnSnBy in THF at room

temperature for 12 h (condition B), as summarized in Scheme

2. With both conditions A and B, two easily separabis-

Scheme 2
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andtrans-isomers3a were obtained in respective yields of
75% (cis:trans= 70:30) and 78% (cis:trans 72:28).

The results of the palladium-catalyzed tandem arylative
cyclization of -allenyl-aldehydes and -ketones with aryl
iodides and BgSnSnBy are summarized in Table 1. The
o-allenyl-aldehydela reacted with iodobenzen@g) in the
presence of Bgdba} (5 mol %) and BySnSnBy (1.1 equiv)
in THF at reflux fa 1 h togive cis-3aandtrans-3ain total
yield of 75% (53:22) (entry 1 in Table 1j.Under the same

Table 1. Pd(0)-Catalyzed Tandem Arylative Cyclization of
d-Allenyl-Aldehydes and -Ketones

Eniry Substrate Aryl lodide Conditions Time Product Yield (%)

Ph

= g H
/\/‘ B H
| TSN Phl A Lh TsN, + TN 75
Mo 2 SOH SoH
o a OH
la cis-3a (53%) irans-3a (22%)
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3a (13%)1? cis-3aandtrans-3awere readily separated by
column chromatography, and their stereochemistries were
unambiguously determined by comparing the results of a
NOESY spectrum analysis (see Supporting Information) and
the X-ray crystallographic data ais-3a(Figure 1). In the
NOESY spectra otis-3aand trans-3a, NOE cross-peaks
between the protons at ring junctions and vinyl protons were
investigated. In the spectrum tins-3a, cross-peaks were
observed between the protons at ring junctions and one of
the vinyl protons. However, in the case @f-3a, a cross-
peak was not observed between the proton adjacent to the
OH group and one of the vinyl protons, which confirmed
that these were isomers (see Supporting Information). Under

(12) Typical Procedure. Method A. To a stirred solution af-allenyl-

conditions using the same catalyst at room temperature foraidehydela (100 mg, 0.38 mmol), iodobenzene (2a) (86 mg, 0.42 mmol),

12 h, the reaction afawith 2agavecis-3a (65%) andrans

(10) The intermolecular allylation of allenes with aldehydes via pal-
ladium-catalyzed hydrostannylation has been reported: Cheng, H.-M.;
Cheng, C.-HOrg. Lett.2000,2, 3439—3442.
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R.; Otake, K.; Kurusu, YJ. Chem. Soc., Chem. Commu988, 44-45.

(b) Masuyama, Y.; Otake, K.; Kurusu, Yetrahedron Lett1988 29, 3563~
3566. (c) Takahara, J. P.; Masuyama, Y.; KurusuJYAm. Chem. Soc.
1992,114, 2577—2586.
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and Pd(dba) (5 mol %) in THF (3 mL) was added bis(tributyltin) (244
mg, 0.42 mmol). The reaction mixture was stirred at reflux for 1 h, and
THF was evaporated in vacuo. The crude product was separated by column
chromatography (hexane/ethyl acetat@:1) to give the cyclized products
cis-3a(69 mg, 53%) andrans-3a(29 mg, 22%). Method B. To a stirred
solution ofo-allenyl-aldehydela (100 mg, 0.38 mmol), iodobenzen2a)

(86 mg, 0.42 mmol), and B@ba) (5 mol %) in THF (3 mL) was added
bis(tributyltin) (244 mg, 0.42 mmol). The reaction mixture was stirred at
room temperature for 12 h, and THF was evaporated in vacuo. The crude
product was separated by column chromatography (hexane/ethyl aeetate
2:1) to give the cyclized productss-3a (85 mg, 65%) andrans-3a(17

mg, 13%).

Org. Lett., Vol. 4, No. 7, 2002



Table 2. Pd(0)-Catalyzed Tandem Arylative Cyclization of

e-Allenyl-Aldehydes and -Ketones

Entry Substrate

Aryllodide Conditions Time Product

Yield (%)

c18 /_/
1 TsN,
c17 Le (|)
2 le
Figure 1. ORTEP drawing otis-3a.
=
the same conditiongy-methoxyiodobenzene2p) and 2- , BOL -~
iodothiopheneZc) coupled withlato provide separableis- BOC i
andtrans-isomersb and3cin 86% and 87% (entries 2 and "
3). When the malonate branchédhllenyl-aldehydelb was _
treated with Phl (2a), a separahies- andtrans-isomer3d . ad
was isolated in 91% yield (entry 4). This arylative cyclization \/j.)
was applied to allenyl-ketones, and quaternary centers could e
be introduced by the formation of 8yclopentanol. To the
best of our knowledge, this is first report of the palladium- -
catalyzed addition of allylstannanes to ketones. dHadlenyl- s W
ketonelc was coupled under the same conditions to give V\g/
1h

readily separableis- andtrans-3ein total yield of 83% (78:

5). The stereochemistry was confirmed by NOE experiments
in NMR. Notably, the malonate branchédallenyl-ketone

1d was treated witl2c to providecis-3fas a sole product in

94% yield (entry 6). , oL~
The exact mechanism for the formation of tis-isomer ElOz§C;(
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+

18h
Ph
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as a major product over theans-isomer remains to be u o ZZZE&
elucidated. Our explanation for the formationai$-3f as a T Non,
sole product is as follows. Aryl-substituted allylstannanes
are thought to be formed as intermediatesind B, which
undergo carbonyl allylation to giveis- or trans-cyclopen-
tanols. Thecis selectivity of cis-3f can be ascribed to the = St -
fact that intermediaté\, which leads to thesis-isomer, is ~ lereacted with iodobenzened) in the presence Radba)
energetically more stable tha®, presumably because of (5 mol %) and BySnSnBy (1.1 equiv) in THF at room

steric hindrance between the methyl group and 2-thienyl temperature for 15 h to give readily separatig andtrans-
group (Scheme 3). cyclohexanolscis-3g and trans-3gin a total yield of 52%

(41:11) (entry 1 in Table 1). Theis stereochemistry ofis-

3g was unambiguously assigned on the basis of X-ray
crystallographic data (Figure 2). Under the same conditions
with 2-iodothiopheneZc) as an electrophileis-3h andtrans-

3h were obtained in a total yield of 57% (50:7) (entry 2).

cis-31 (42%)

the results are summarized in Table 2. Eradlenyl-aldehyde

Scheme 3

trans-3f

This palladium-catalyzed tandem cyclization was extended figyre 2. ORTEP drawing ofis-3g.
to synthesize six-membered cyclohexanol derivatives, and
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The malonate branchedallenyl-aldehydelf reacted with

In summary, the palladium-catalyzed tandem arylative

Phl(2a) under the same conditions using the same catalystcyclization of allenyl-aldehydes and -ketones with aryl

at reflux far 1 h togive a separable mixture afs-3i (58%)
andtrans-3i(30%) in a total yield of 88% (entry 3). For the
ether-linkede-allenyl-aldehydel g cis-3j andtrans-3j were
obtained in a total yield of 83% (56:27) (entry 4). This
arylative cyclization was applied to allenyl-ketones to form
six-membered 3 cyclohexanols. The-allenyl-ketonelh
smoothly coupled witlp-methoxyiodobenzene (2b) under
the same conditions to give the cyclized cyclohexaisi
3k in 71% vyield together with a simple addition product
4a in 25% vyield (entry 5). Finally, when the malonate
branched-allenyl-ketoneli was cyclized with iodobenzene
(2a) to givecis-3lin 42% yield along with the uncyclized
and simple addition produetb in 49% yield (entry 6).

(13) Thecis andtrans stereochemistry was deduced on the basis of the
results of NOE experiments.
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iodides and BgSnSnBy to form substituted cyclopentanols
and cyclohexanols was achieved.
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