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ABSTRACT

A novel three-component cyclization using allenylboronate ester is described. A three-component assembly of allenylboronate ester, aryl
iodides, and stahilized carbon nucleophiles took place in the presence of palladium catalyst, furnishing functionalized alkenylboronate esters
with high regio- and stereoselectivity. A Rh-catalyzed cyclization of the resultant three-component products then afforded interesting carbocyclic

frameworks efficiently.

The multicomponent assembly reaction has attracted greathree-component assembly of allenylboronate pinacol ester
interest of synthetic chemists as a powerful tool for rapid (1), aryl iodides, and amines, by which highly functionalized
generation of molecular complexity and diversityn allylic amine structures can be constructed in a regioselective,
particular, multicomponent assembly based on a simple stereoselective, and diversity-oriented manner (Scherne 1).
molecule bearing multiple reaction sites (platform) is a very

attractive and powerful synthetic strategis a part of our || NN
program using organoboron platforms in multicomponent Scheme 1

assembling reactiori¢,we recently developed a Pd-catalyzed
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s be important in this reaction. For example, the use of

Scheme 2 P(GsHs)s furnisheddaain 56% yield. The results using other
representative phosphine ligands are depicted in Scheme 3.
The effect of solvent employed was even more dramatic.
For exampled4aawas obtained only in 16% yield when the
reaction was carried out in dioxane.

The selective production &-alkenylboronatdaain this
three-component assembly can be explained by assuming the
following mechanism (Scheme 3). The termina-C bond
of 1 coordinates to an arylpalladium complex, formed by

(Scheme 2). Subsequent cyclization through appropriate3a and Pd(0), at the face opposite to the pinacolatoboryl

catalysis (such as recently emerging rhodium catafysis) group to avoid steric congestioB)( The subsequent arylpal-

connecting these two moieties would then furnish interesting ladation across €C bond leads to a-allyl complex6 with

and useful carbocyclic frameworks such as cyclopentenones 2 boryl group anti to the aryl group due to steric congestion.

We herein report such a three-component cyclization through Then, nucleophil@a attacks6, presumably at the unsubsti-

palladium and rhodium catalysis. tuted terminal carbon of allyl ligand, to givéaa with the
Allenylboronate pinacol estef.{ 1.2 equiv) was treated regeneration of Pd(0) catalyst. Thati stereochemistry of

with NaC(CH)(CO.E), (2a: 1.2 equiv) and 4-iodotoluene m-allyl intermediates accounts for th& stereochemistry of
(3a: 1.0 equiv) in the presence of fdba) (2.5 mol %) 4aa’

and P(GH4CFs-4); (10 mol %) in toluene at 86C for 24 h. _The boryl_ group acts not only as a useful group that can
A three-component assembling reaction took place to afford {199€r cyclization afterward but also as a stereochemical
alkenylboronatetaa in 76% yield with virtually complete controller in the generation of keyr{allyl)palladium inter-

regio- and stereoselectivity (Scheme®3he E stereochem- mediates. For example, when phenylallene was subjected
to the conditions for three-component assembling reaction

[Pdy(dba), P(GH4CRs-4);, toluene, 80°C, 24 h], the

_ corresponding three-component product was obtained with

Scheme 3 almost no control over stereoselectivity (Scheme 4). More
Scheme 4
Me
S
7R e AR
Z toluene EtO,C
NaC(CH3)(CO,E), 80 °C, 24 h Ve
CO,Et
= S
/./\© o Si(i-Pr);
84% yield no reaction
E/Z = 48/52

aEffect of Ligands: P(GHs); (56%), P(GH,OMe-4) (52%),
P(GH4F-4)s (55%), P(GH4CFs-4); (76%), P(GFs)s (22%),
P(2-furyl)s (50%), and P(OgHs)s (46%). interestingly, we found that the reaction did not take place
with triisopropylsilylallene, attesting to a unique promoting
effect of boryl group in this reaction (Scheme 4).
istry of 4aa was determined by the NOESY experiments.  With an efficient protocol for the three-component as-
The choice of supporting ligand on palladium was found to sembly based on allenylboronate platfodmn hand, we

subsequently applied these conditions to various stabilized

(6) Selected recent examples of catalytic multicomponent assembly using carbon nucleophile® and aryl iodides3 (Table 1). The
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Table 1. Three-Component Assembly of Allenylboronate
Pinacol Ester (1), Carbon Nucleophile®),(and Aryl lodides

©

aReaction conditions:1 (0.60 mmol),2 (0.60 mmol),3 (0.30 mmol),
Pdy(dba) (2.5 mol %), P(GH4CFs-4); (10 mol %), toluene (2.0 mL), 80
°C, 24 h.PIsolated yield.

using nucleophiles, such @eand?2f, having acidic hydrogen
atom; diallylated products were not obtained (entries 7 and
8). Unfortunately, however, the use of aryl bromides and

Org. Lett, Vol. 8, No. 7, 2006

chlorides gave three-component products in extremely low
yields (<5% vyield).

With the regio- and stereoselective tandem three-compo-
nent assembly in hand, we subsequently examined conditions
to connect nucleophilic alkenylboronate moieties and elec-
trophilic carbonyl moieties in the resultant three-component
products4. Very recently, Hayashi and Murakami indepen-
dently reported that the intramolecular addition/substitution
of organorhodium(l) species to ester group can take place
to afford interesting cyclic compound$?We envisaged that
similar Rh-catalyzed cyclization might take place with our
three-component produc#% having alkenylboronate and
carbonyl moieties to achieve novel three-component cycliza-
tion.

Gratifyingly, the treatment of three-component products
bearing diester groupstda and 4ab) in the presence of
[RhCI(cod)} (2.5 mol %), dppb (5 mol %), GEO; (3 equiv),
and HO (3 equiv) in dioxane (90C, 5 h) afforded highly
functionalized cyclopentenonedagaand7ab) in high yields
(Scheme 5). We assume the following reaction mechanism:

Scheme 5

(i) the addition (carborhodation) of alkenylrhodium(l) species
8, generated by the transmetalation of rhodium(l) complex
with 4, to the intramolecular €0 bond of ester group to
afford cyclic intermediat®, and (ii) the-alkoxy elimination
from 9 to afford cyclopentenon& with the liberation of
rhodium(l) alkoxide, which can reenter into the catalytic
cycle (Scheme 5).

Interestingly, whembb bearing ketoester moieties was
subjected to Rh/dppb catalyst, selective addition to the
C=0 bond of the ketone group was found to proceed,
furnishing highly functionalized cyclopentendl0 as a
mixture of diastereomers (major/miner84/16) in 90% yield
(Scheme 6}! This product {0) was most likely formed
through hydrolysis of the alkoxyrhodium species generated

(10) Addition of organorhodium species to esters: (a) Shintani, R.;
Okamoto, K.; Otomaru, Y.; Ueyama, K.; Hayashi, J.Am. Chem. Soc.
2005,127, 54. (b) Miura, T.; Sasaki, T.; Nakazawa, H.; Murakami,JM.
Am. Chem. SoQ005,127, 1390.
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I n summary, we have developed a novel three-component

Scheme 6 cyclization using allenylboronate platform. A palladium
complex catalyzed the three-component assembly of alle-
nylboronate ester, aryl iodides, and stabilized carbon nu-
cleophiles to produce functionalized alkenylboronate esters
with virtually complete regio- and stereoselectivity. Control
experiments revealed that the boryl group clearly enhanced
the stereoselectivity of this three-component assembly. We
also established a Rh-catalyzed cyclization of the resultant
three-component products to give interesting carbocyclic
frameworks very efficiently. In view of the remarkable
progress utilizing organoboron compounds irC bond
forming reactiong;® the present three-component cyclization
strategy should find many uses in the synthesis of previously
unexplored cyclic frameworks of significant interests. Further
work is in progress to explore the scope of multicomponent
assembly (cyclization) based on allenylboronate platform.
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