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A novel type of cascade ring expansion process has been developed by the palladium-catalyzed reaction of (2)-1-(1,3-butadienyl)cyclobutanols
with aryl iodides. The reaction proceeds in a stereospecific manner to produce (Z)-2-(3-aryl-1-propenyl)cyclopentanones. It has also been
found that regioselective a-arylation of alkenyl cyclopentanones proceeds to afford the a-arylated cyclopentanones.

Palladium-catalyzed reactions of unsaturated compounds withallenyl > acetylenylf and propargylgroups has been devel-
organic halides are one of the most important carbzarbon oped by us and other groups during the past decade. How-
bond formation reactions in organic synthesis, and a variety ever, to the best of our knowledge, there are no examples of
of synthetically useful products are obtained depending on the reaction of 1,3-dienylcyclobutanols, which are expected
the substrateslt is known that conjugated 1,3-dienes react to exhibit a different reactivity compared to that of the other
with aryl halides and nucleophiles by a cascade protess. unsaturated groups. Herein, we describe a preliminary result
Thus, regioselective insertion of a 1,3-diene into the arylpal- concerning the palladium-catalyzed insertioing expansion

ladium species gives the-allylpalladium intermediate,  reaction of 1,3-dienylcyclobutanols with aryl iodides.
which regioselectively reacts with a nucleophile to produce
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Our initial studies focused on reactions of 1,3-dienylcy-
clobutanolla with iodobenzene (2a) (Table 1). WheR){

Table 1. Palladium-Catalyzed Reaction of Dienylcyclobutanols
(2)- and (E)-lawith lodobenzene (2a)

/
HO / 1.5 equiv Phl 2a e %
5 mol % Pdy(dba)s-CHCl5 *
20 mol % ligand Ph Ph
2.0 equiv AgyCOg3, toluene
2-24h
(Z)- and (E)-1a 3aa 4aa
temp yield
entry  substrate ligand (°C) (%) 3aa:4aabc
1 (2)-1a PPhsd 60 77 1.7:1
2 (2)-1a PCys 60 55 1.7:1
3 (2)-1a P(o-Tol)s 60 85 1.8:1
4 (2)-1a dppe 60 2 (66) 3aaonly
5 (2)-1a dppf 60 8 (25) 3aaonly
6 (2)-1a P(o-Tol); 45 98 5.5:1
7 (2)-1a P(o-Tol)s 25 87 (94) 14:1
8 (E)-1a P(o-Tol)s 60 nr

aThe yields in parentheses are based on recovered starting matéHal.
configurations of3aaand4aawere determined by NOESY ariti NMR
coupling constants of olefinic protonsThe ratios were determined by the
isolation of each product§.10 mol % Pd(PP§), was used as a palladium
catalyst.

lais reacted witlRain the presence of 10 mol % Pd(Pdh
and AgCQ; in toluene at 6(0°C, the reaction is complete
within 2 h to afford a aryl-substituted cyclopentanoBaa
along with furthero-arylated productaain 77% yield with

a ratio of 1.7:1 (entry 1). Interestingly, the geometries of
the obtained product3aaand4aaare determined ag, and
the corresponding H)-products are not observed. The
products3aa and4aaare not produced at all when,&0O;
and CsCO; are used instead of AGO; as a base. The

(3) (a) Boontanonda, P.; Grigg, R.Chem. Soc., Chem. Comm@a77,
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reactions using PGyand P(o-Tol} with Pd(dba)-CHCI;
also successfully proceed to gi8aa and4aain 55% and
85% vyield, respectively (entries 2 and 3). The reactivity has
been decreased when bidentate ligands such as dppe and dppf
are used (entries 4 ad 5). It is clear from the studies of the
reaction temperature in the presence ob-P¢l); that the
yield has been improved to 98% by carrying out the reaction
at 45°C, and3aais produced with high selectivity at room
temperature (entries 6 and 7). On the other hand, the reaction
does not proceed when th&)fisomerla is used as a
substrate (entry 8).

Some results of palladium-catalyzed reactionsZf{a
with various aryl iodide®b—i are summarized in Table 2.

Table 2. Palladium-Catalyzed Reaction of Dienylcyclobutanols
(2)-1awith Aryl lodides 2b—i2

Ar
HO ) 1.5equivArl 2b-2i N . N
5 mol % Pdy(dba)s-CHCl3
20 mol % P(o-Tol)3 Ar Ar
2.0 equiv AgoCOa3, toluene
45°C,2-13h
(Z)-1a 3ab—3ai 4ac-4ag
yield
entry Ar product (%)2 3:42
1 2-methoxyphenyl (2b) 3ab 80 3ab only
2 4-methoxyphenyl (2c)  3ac/dac 77 8.6:1
3 2-tolyl (2d) 3ad/4ad 91 6.0:1
4 4-tolyl (2e) 3aeldae 88 4.2:1
5 1-naphthyl (2f) 3af/4af 62 9.3:11
6 4-nitrophenyl (2g) 3ag 86 3ag only
7 4-acetylphenyl (2h) 3ah 57 3ah only
8 2-bromophenyl (2i) 3ai 73 3ai only

2 Products ratios were determined by isolation of the each products.

Substitution with methoxy and methyl groups in theho
and para positions exhibits similar reactivity to give the
corresponding produc&ab—aein good yields with a small
amount ofo-arylated productgdlac—ae(entries 1—4). The
reaction using 1l-iodonaphthaler®f)(also proceeds to afford
3af and4af in 63% yield with a ratio of 9.3:1 (entry 5). In
the reactions with nitro- and acetyl-substituted aryl iodides
2g and 2h, the corresponding produc&ag and 3ah are
obtained as the sole products, respectively (entries 6 and 7).
When 2-bromoiodobenzengi) is used, the 2-bromophenyl-
substituted cyclopentanoBai is chemoselectively produced
without the influence of a bromo atom (entry 8).

We next examined the reactions of various 1,3-dienylcy-
clobutanolslb—d with 2a (Table 3). A substrateZ()-1b
having a dipentyl group on the cyclobutane ring is success-
fully transformed to3ba in 89% vyield (entry 1). Atrans-
3cais obtained as the sole product by the reactiotranfis-
(2)-1c (entry 2). On the other hand, the reaction of the
diastereomecis-(Z)-1cexclusively providesis-3ca(entry
3). Itis ascertained from these results that the ring expansion
process proceeds in a stereospecific mafisarbstrate )-
1d, substituted with a methyl group at the 3-position on the
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complex6 reacts with base to form a zwitterionicallylpal-

e : 9 .
Table 3. Reactions Using Various 1-(1,3-Dienyl)cyclobutanols ~ 1adium intermediater,”> which subsequently causes a ring
1b—d with lodobenzene (24) rearrangement to produce a ring-expanded pro8uand
regenerated palladium(0).

ield (¢ - . Ll I
entry substrate product yield (%) Mechanistic rationalizations of the observ@#§pecificity
) and diastereospecificity are described in Scheme 2. In case
HO Q
b / AN
1 89
perl PEN pe/ Pen Ph Scheme 2
(2)-1b 3ba BN I
p R)%E/Ar
2 — \ H  chelation-controlled
/ R :<H insertion R
2
- OTBDPS Ph 64
S OTBDPS o
trans-(Z)-1c trans-3ca H H
wPd* AN
H
HO §/ I R* Sar
L (2-3
3 -\ OTBDPS : Ph 53
S OTBDPS
cis-(Z)-1¢c cis-3ca
less reactive
0
HO
4 X 8 (E)-1-5 H
~ . =
" <§3E 1) fo | 1
(2)1d 3da - R O""i{.Pg/Ar \
—_— 2
aAll reactions were carried out in the presence of 1.5 equiv of R == R R® Sar
iodobenzene, 5 mol % R@lba), 20 mol % P¢-Tol)3, and 2.0 equiv of s-trans-(Z)-1d-5 (2)-3da
Ag2CQ; in toluene at 45°C for 3—6 h.? Pen= pentyl. L
) . ) H A o
dienyl group, gives theZ)- and E)-3daas a 5.3:1 mixture R Owevnnpg !
in 82% yield (entry 4). 5\‘5 A
A plausible mechanism for the reaction is shown in R = i R?
Scheme 1. Regioselective insertion of the 1,3-dienyl moiety  s-cis-(z)-1d-5 (E)-3da

in 1 to an arylpalladium compleX, resulting from aryl iodide
2 with palladium(0), affords an allylpalladium spect&sThe

of the (£)-substrate, coordination of both the olefin and
hydroxyl groups in (Z)-1o arylpalladiums5 initially forms
Scheme 1 the intermediate4)-1-5, in which the dienyl group is located
o at the less hindered site to avoid a steric repulsion with
substituents R and R.1° Regio- and diastereoselective
2 insertion to palladium gives allylpalladiuré’, which is
R Ar Al successively transformed te-allylpalladium syn-7'. It is
3 Pd(©) 2 expected that there is an equilibrium betwsgn- ancanti-
7'. The complexsyn7' interconverts byr-o-r isomerization

Ar to the isomeanti-7', which successively causes the concerted
g X rearrangement of the cyclobutane ring on the opposite face
\10 j/Pd of the palladium to produc&j-3 in a stereospecific manner.
Arpdl 5 A reason for the low reactivity of the (E)-substrate could be
! R? that the chelation-controlled insertion of the intermedi
7 R HO p . o :
I Ar 1-5 is difficult because the distance between the hydroxy
Agl Ptli R2
1/2 H0, CO2 HO R 1 (8) For studies about the diastereoselectivity in the ring expansion reaction
7 of cyclobutanols, see refs 4, 5b,c, and 7.
1/2 Ag,CO (9) As another possibility, the intermediate that palladium cation forms
2V~ [~R? a bond to the alkoxide anion is also expected.
R 6 (10) The conformation of Z)-1-5 was predicted from the result of

MOPAC 97/PM3 calculation ofZ)-1a.
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group and the olefin becomes longer than thatZ)f1-5. In
the case of the methyl-substituted substrad®1d, it is
expected that there is an equilibrium between the two
intermediates-trans ands-cis-(2)-1d-5 by the allylic strain
of the methyl group. As a resultz§-3dahas been provided
as a minor product viayn8 along with the major production
of (2)-3da.

The formation of thea-arylated cyclopentanond is
explained by the palladium-catalyzedarylation of the
resulting3 (Scheme 3} Thus, regioselective enolization of

Scheme 3
_A
o™ A
AgsCO; ArPdX Pd
3 — Xy ——- o
-Pd
2 2
R1 R Ar R1 R Ar

9

3 with base affords the thermodynamically stable conjugated
enolate9, followed by transmetalation with arylpalladium
complex to producé via the palladium enolat&0.

To confirm the observedr-arylation process, several
further experiments were carried out (Scheme 4). W3am
is reacted withla in the presence of 10 mol % Pd(Pdh
and CsCO;, 4aais produced in 81% yield as a sole product.
The result indicates that the-arylated product is formed
from 3, not directly from the substrafie On the other hand,
the reaction ofl1 containing a saturated alkyl side chain
does not proceed at all. Improvement of the direct production
of 4aafrom la has been performed by further addition of
the reagents after the completion of the initial ring expansion
reaction.

In conclusion, we have developed a novel type of pal-
ladium-catalyzed cascade insertioning expansion reaction
of 1,3-dienylcyclobutanols with aryl iodides. Various sub-
stituted cyclopentanones having &)-3-aryl-1-propenyl

Scheme 4

1.5 equiv Phl 2a
10 mol % Pd(PPhs),
Ph 2.0 equiv Cs,CO3
toluene, 60 °C, 24 h
81%

Ph

1.5 equiv Phl 2a

10 mol % Pd(PPh3),
Ph 2.0 equiv Cs,CO3

toluene, 60 °C, 24 h

1.2 equiv Phl 2a

5 mol % Pdy(dba);-CHCI3
20 mol % P(o-Tol)s

1.2 equiv AgoCOg3, toluene
45°C, 8 h;

1.0 equiv Phl 2a

10 mol % Pd(PPh3),4

1.2 equiv Cs,CO3, toluene
60 °C,24 h

O
Ph

Ph

B
B
i

4aa 62%

also been found that regioselectinearylation proceeds to
afford thea-arylated cyclopentanones. The present results
would provide a new method for the synthesis of highly
functionalized cyclopentanones, and synthetic applications
of the reaction are now in progress.
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