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An efficient method for the synthesis of 1,7-enyne derivatives via a palladium-catalyzed three-component assembly of arylethylidene malononitriles,
allylic chlorides, and allenylstannanes is described.

The metal-catalyzed addition of an electrophile and a or isocyanate$.Although, the two allyl groups come from
nucleophile to an unsaturated carbararbon bond is a  two different reagents, it is extremely difficult to control the
powerful method for constructing complex organic mol- regiochemistry of this reaction due to the fact that this bis-
eculest Recently, Yamamoto reported a new type of pal- allyl palladium intermediate readily undergoes-z ex-
ladium-catalyzed three-component coupling process of allyl change leading to interchange of the nucleo- and electro-
chloride and allylstannane with activated olefirms ben- philicity (eq 1). Thus, a challenging problem of this chemistry
zynes to form the corresponding bis-allylation products. The is whether it is possible to use new nucleophiles for the three-
catalytic reaction involves an amphiphilic bis-allyl palladium component reaction and control the regiochemistry of the
intermediate generated from allyl chloride and allylstannane. reaction.
In the bis-allyl palladium intermediate, theallyl acts as a We have contributed considerable work on palladium-
nucleophile and ther-allyl group as an electrophile. The catalyzed three-component coupling reactions of allenes
substrates used in the study were limited only to allyl chloride leading to the formation of two carbon—carbon boA@ur
and allylstannane. Subsequently, Szabd et al. reported acontinuing interest in metal-mediated allene chemistry
similar type of palladium-catalyzed reactions of substituted prompted us to investigate the possibility of using allenyl-
allylic chlorides and allylstannanes with activated olefins stannanes as nucleophiles for the palladium-catalyzed three-
: — : component assembly reaction involving arylethylidene malo-
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three-component assembly of arylethylidene malononitriles,
allylic chlorides, and allenylstannanes leading to the forma- tapie 1. Results of Palladium-Catalyzed Three-Component
tion of 1,7-enyne derivatives in good to excellent yields. The assembly of Malononitrilesta—g, Allylic Chlorides2a—d, and
catalytic reaction likely involves an unprecedented amphi- Allenylstannanesa

philic o-allenyl s-allyl palladium species, reacting with

X : . entry 1 2 product yield (%)°
activated alkene as a nucleophile and an electrophile.
1 la 2a % 4a 78 (86)
NC
% N i
2 l1a 2b - 4b 80
- Pd\/& (1) %
- Pd\/\ g NC SR
. . . la 2c = de 76
Treatment of phenylethylidene malononitriléa] with NC
allyl chloride a) andn-tributylallenylstannane3g) in the NC
presence of Pd(PRh (5 mol %) in toluene at room
la 2d = 4d 74
temperature for 8 h led to a three-component assembly Ph
product4ain 86% yield (Scheme 1). The catalytic reaction NCEN
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1g: R" = 2-thienyl NCeN

a|solated yields; yield in parentheses was determined bythRMR
integration method using mesitylene as an internal standard.

is highly regioselective, with the propargyl group from
allenylstannane adding to the carbon connected to the pheny(PPh), shows the highest catalytic activity, gividgin 86%
group and the allyl group from allyl chloride adding to the vyield. A brief examination of the effect of solvent using Pd-
carbon bonded to the cyano groupslaf. Product4a was (PPh), as the catalyst on the yield darevealed that toluene
fully characterized by its spectral data. The regiochemistry was the solvent of choice. In addition to toluene, THF was
was established on the basis of the results of the protonalso effective, affordingain 71% yield. Other solvents such
decoupling NMR experiments. Control experiments revealed as EA, CHCN, CH,Cl,, and DMF were less suitable,
that in the absence of palladium catalyst, no reaction furnishing4ain much lower yields. The nature of the leaving
occurred. To the best of our knowledge, this is the first group on the allylic substrate shows great influence on the
palladium-catalyzed three-component assembly of aryleth-yield of the product. Allyl chloride gave the highest yield,
ylidene malononitrile, allylic chloride, and allenylstannane. while allyl bromide, iodide, acetate, and alcohol were less
To understand the effect of the ligand on the present effective, affording4a in 45, 15, 10, and 5% vyields,
palladium-catalyzed reaction, the reactioriafwith 2aand respectively.
3a was carried out in toluene using different palladium  Several substituted allylic chlorides, including methallyl
complexes. Phosphine-free palladium complexes Pdf{dba) chloride @b), 4-chloro-pent-2-ene2€), and cinnamyl chlo-
Pd(OAc), and PdCI(CHsCN), were totally ineffective for ride (2d), also undergo three-component assembly smoothly
the reaction. Palladiumphosphine complexes such as PACl  with 1la and3a in the presence of Pd(Pghto afford the
(PCy), and PdCJ(PPh), catalyzed the reaction, bda was corresponding 1,7-enyne derivativdb—d in 80, 76, and
obtained in lower yields of 42 and 46%, respectively. Pd- 74% vyields, respectively (Table 1, entries4). In addition
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to 1a, various substituted arylethylidene malononitrilés-e
react with2b and 3a to furnish the corresponding three-
component assembling produdss—h in good yields (entries
5—8). The results show that the catalytic reaction is compat-
ible with a variety of substituents on the aromatic ringlof
The catalytic reaction can be successfully extended to
heterocyclic alkenes. Thus, reactions of furylethylidene
malononitrile (f) and thiophenylethylidene malononitrile
(1g) with 2b and3a afforded4i and4j in 76 and 79% vyields,
respectively (entries 9 and 10). It is noteworthy that the 1,7-
enyne derivativesfind versatile applications in various
reactions, including Pauson—Khand reactlometal-cata-
lyzed cycloisomerizatiof, and cycloreduction reactidh.

To further understand the regioselectivity of this catalytic
reaction, the reaction of conjugated alkén@ith 2aand3a
in the presence of Pd(PRhwas investigated (Scheme 2).

Scheme 2
CN 3
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toluene, rt, 8 h

6b: R®=Me, R*=H
6c:R®=H,R*=Ph

The reaction is highly regio- and chemoselective, affording
1,2-addition producéain 79% yield. No other regioisomer
or 1,4-addition product was detected in thE NMR
spectroscopy. The regio- and stereochemistry6afwas
established byH NMR NOE experiments. Under similar

Scheme 3
R1 — R3
R? RA_A_cl
NC N R4
NC
>/7Pd(0)L2
R3
4 R3
I %\ R4 A
Pd~, |
~cN9 L P.;j\Cl
RINC RS 3a
R4
/l\
oN _Pd SnBu3Cl
R' N

palladium intermediat® and BuSnCI!? Reaction of acti-
vated olefinl with 8 gives9. Subsequent reductive elimina-
tion of 9 affords the final product and regenerates the Pd(0)
catalyst.

Transmetalation of allenylstannane with palladium(ll)
complex to given'-allenyl palladium intermediate was
evidenced by the palladium-catalyzed coupling of aryl
iodides or aryl triflates with allenylstannane to afford
arylallene!® The accompanying formation of BSnCl was
supported by the observation of the 8BaCl signals in the
IH NMR spectra of the crude reaction mixtures of the
reaction ofl with 2 and3a. While the exact reason for the
high product yield obtained for the allyl chloride compared
to other allylic substrates is not known, a possible driving
force is the great stability of the Sn—CI bond and the facile
formation of BySnCl in the transmetalation step.

The formation of intermediat® likely occurs via an &'
pathway that involves the attack gfcarbon of the allenyl
group of 8 at activated olefinl. A six-membered cyclic
transition state (Figure 1) formed by alkefig palladium

reaction conditions, the three-component assembly reactions

of 5and3awith 2b as well a2d also proceeded effectively _

in completely regio- and chemoselective fashion to dgite
and6cin 75 and 71% vyields.

On the basis of the known palladium-catalyzed three-
component coupling reactioAs? a mechanism is proposed

to account for the present catalytic reaction (Scheme 3). The

first step involves the oxidative addition of allylic chloride
to Pd(0) to giver-allyl palladium complex?. Transmetala-
tion of allenylstannanea with 7 gives o-allenyl s-allyl
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Figure 1.

metal, and the allenyl group @& can account for the facile
transformation of8 to 9. Such a six-membered transition
state has been used to explain the propargylation of aldehydes
by allenylstannane.The results of the following deuterium
study give strong support for the six-membered cyclic
transition state. The reaction ofallenylstannan&b with
laand2ain the presence of Pd(PRhin toluene at room

(12) Keinan, E.; Peretz, Ml. Org. Chem1983,48, 5302.
(13) (a) Aidhen, I. S.; Braslau, RSynth. Communl993,24, 789. (b)
Badone, D.; Cardamone, R.; Guzzi, Tetrahedron Lett1994,35, 5477.
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temperature for 8 h gavi0 in 78% vyield. The deuterium is There is no direct coupling product of allenylstannane with
incorporated in the terminal carbon of the propargyl group allylic chlorides detected under our standard conditions,
of 10 with 79% deuterium purity. No deuterium label was although both allyl and allenyl groups are on palladium
observed in the methylene carbon of the propargyl group. intermediate8. A palladium-catalyzed coupling of allenyl-
The above deuterium result clearly indicates thattivarbon stannanes with allylic acetates to give the corresponding
of the allenyl group undergoes propargylation with the allylic propargylation product has been reported by Keinan
electrophilic carbon of activated olefins. and Peret?? In the present case, the-allenyl s-allyl
palladium intermediate seems to react with the activated
olefins faster than the coupling of the allenyl and the allyl

3
D =D R4\/RJ’\ group.
>:: NC — an Attempts to usdrans-styryl(tributyl)stannane or tributyl-
BusSN 3 NC P = (2-phenyl-1-ethynyl)stannane as the nucleophile to replace
10 1 allenylstannan8ain the three-component assembly reaction
failed probably due to the fact that no six-membered cyclic
Another possible mechanism involves-ropargylz-al- transition state can be formed. On the basis of the results of
lyl palladium intermediatel1 from the reaction of7 with Yamamoto’s bis-allylation and our present catalytic reaction,
they-carbon of the allenyl group iBa*? Migratory insertion it appears that an allyl or allenyl group wighaddition ability
of alkenel to the propargyl—Pd bond il gives9 (see s necessary to act as the nucleophile in this type of catalytic

Scheme 3). This pathway cannot be totally ruled out, but it three-component reaction.
is less likely on the basis of the following observation. The  |n conclusion, we have developed a new palladium-

reaction of alkendawith propargyl chloride and allylstan-  catalyzed three-component assembly reaction of aryleth-
nane under our standard conditions did not afford the ylidene malononitriles with allylic chlorides and allenylstan-

expected three-component assembly prodact ~ nanes. This method allows an efficient synthesis of various
The high regioselectivity of the present catalytic reaction 1 7-enyne derivatives in good to excellent yields. The
can be attributed to the ready formation af-allenylz-allyl remarkable regioselectivity of this reaction is likely due to

palladium complex8 and the absence of—x exchange of  the unfavorables—7z exchange in theo-allenyl z-allyl
this intermediate. This intermediate regioselectively transfers palladium intermediate. Further applications of the methodol-

the g-allenyl group to theg-carbon and ther-allyl groupto gy in organic synthesis and detailed mechanistic studies of
the a-carbon of the activated alkenes to give the final the Cata]ytic reaction are in progress.

product. It is to be noted that in the bisallylation reaction
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