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The palladium-catalyzed allylation of carbon nucleophiles is
well-recognized as one of the most powerful synthetic tools for
the construction of carbercarbon bonds (eq 1, path A).
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However, this transformation is not necessarily the best procedure

for the allylation from areco-chemicapoint of view since the

use of a stoichiometric amount of bases is needed to generate

nucleophiles{Nu) and a stoichiometric amount of a leaving group
(X) is liberated? Herein we report a method for the allylation of
carbon pronucleophiles in which nothing is liberated from starting
materials? the reaction of certain acetylenes with pronucleophiles
in the presence of 5 mol % Pd(P$hand 50 mol % acetic acid
gave the corresponding allylation products in good to high yields
(eq 1, path B).

In initial experiments, methylmalononitritewas treated with
1 equiv of 1-phenyl-1-propyne6), Pd(PPB), (5 mol %), and
acetic acid (50 mol %) in dioxane at 10C to give the adduct
742 as a sole product in 99% yield (Table 1, entry 1). Similarly,
the reactions o6 with pronucleophile2—4 gave the adducts

E 1:R =Me, E; =E,=CN 4:R=Me, E; = E, = SO,Ph
H——E, 2:R=Me, E;=CN, E;=CO,Et 5:R=MOMO, E=E,=CN
R 3: R =Ph, E; = CN, E, = CO,Et

8—10, respectively, in high yields (entries=2). The perfect

regioselectivities observed are in marked contrast with those of

the usual allylation of nucleophiles via allylic substrate3he
reaction of diethyl and dimethyl methylmalonate with various

alkynes gave only a trace amount of the adducts even after a
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Table 1. Pd/AcOH Catalyzed Allylation of Pronucleophiles with
Various Alkynes
entry  alkyne  pronucleophile product yield (%)*
CN
1 Ph—=—Me 1 ph/V\FCN %9
6 7
CN
2 6 2 x
Ph/\/\fcoza 89
8
N CN
3 6 3 Ph/\/\'<co B %
Ph 2
9
SO,Ph
4 6 4 Ph/\/\F %2
SO,Ph
10
CN CN
= s "
5 ! Ph" X Ph NF 8
1 12 86: 14 13
CN
_ CN
g Ph—=—\ 1 98
OMe Ph"X""0OMe
14 15
CN
MOMO——CN
7 14 [ 86
Ph” OMe
16
CN CN
Ph—= jCN j:CN
+
8 NCbz 1 o NNeoz T PR SN Neoz 4
H 1 [}
17 H H
18 4.3 19
_ N CN
9 Ph—__—< 1 PhWCN 83
20 21(E):22(2)=81:19
CN CN
= CN CN
10 \/\ ! \/\:t ¥ 89
x =
B 24 >95:5 25

“Isolated yield. bInseparable mixture of the regioisomers. Ratios were determined
by 'H NMR analysis.

prolonged reaction time. As shown in entry 4, a CN group is
not necessarily essential as an E group of pronucleophiles. The
reaction in the absence of acetic acid gave a trace amount of the
product. The use of bidentate ligands such as dppb and dppf
with Pdy(dba}-CHCI; inhibited the reaction completely. Other
examples with various alkynes are summarized in Table 1. When
1-phenyl-1-butynell, was employed as a substrate, the regio-
selectivity was decreased to 86:14 (entry 5). However, the
reaction of propargyl ether derivative4 with 1 or protected
hydroxymalononitrile5 gave 15 or 16, respectively, as a single
regioisomer in high yields (entries 6 and 7). As we reported in
our previous papers, the addud can be readily converted to
@n activated ester which reacts with certain nucleophiles to give

(5) For example, the palladium catalyzed reaction of cinnamyl acetate with
the sodium salt of methylmalononitrile gave a mixture of regioisomers.

CN
Na"\'<
oN Ph™ X CN
/\/\FCN

Pd(PPh3)s
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Scheme 1 reactions of the alkoxy-substituted alkydd gave 15 and 16,
PR XN Ph—=—"M respectively, as a single regioisomer. These results suggest that
u — e . . . . h
the reaction would proceed via theallylpalladium intermediate
29 because the regioselectivity in the reactioridfs completely
identical with that of the palladium-catalyzed allylic substitution
of 3-alkoxy-2-propenyl acetates with carbon nucleophile$3)
The palladium-catalyzed reaction & with a stoichiometric
OAc H Pd-OAc amount of acetic acid in the absence of pronucleophiles gave
F'd I H-Pd-OAc >‘=S<H cinnamyl acetate in 70% yield, which would be produced from
29 via reductive eliminatior:1?

The usefulness of this methodology is demonstrated further
\—X X/ by the intramolecular version (eq 2). Treatment of the internal
CN CN

CN "
P cN
28 > M S pn
30:n=1
one 31:n=1(93%)

a variety of carbonyl compounds.In contrast, the reaction of
the nitrogen counterpatf7 gave a 64:36 mixture di8 and19in
64% yield (entry 8). Interestingly, the reaction of cyclopropyl

33: n=2(84%)

alkynes30 and 32, having a dicyanomethine at the terminus of

phenyl acetylene20, produced the linear adduc®d and22 in the (;arbop chain, with palladium/acetic gcid c.atallyst gave the

the ratio of 81:19 in 83% yield (entry 9). The reaction of a Medium-sized carbocycl&d andf‘f‘ respectively, in high yields.

symmetric alkyne, 3-hexyn3, gave the adduc4 and25with Interestlngly, the cyclization §34 . proceeded with endo manner

very high regioselectivity ¥95:5) in 89% vield (entry 103. to give the cyclohexene derivatid5 as a sole product in 84%
The reaction of methylmalononitrile with 1-phenyl-1-propyne, CN

6, is representative. To a mixture of methylmalononitrile (27 mg, /\/\(CN CN

0.34 mmol),6 (43 L, 0.34 mmol), and Pd(PRh (20 mg, 0.017 e N on ®

mmol) in dry dioxane (2 mL) was added acetic acid (100.17 34 84% as

mmol), and the mixture was stirred overnight at 1@ The
reaction mixture was then filtered through a short silica gel column yield. The regioselectivity of the intramolecular cyclization
using ether as an eluent, and the filtrate was concentrated. Thestrongly depends on the ring size of the products.

residue was purified by silica gel column chromatography In conclusion, we have developed an efficient method for the

(hexane/EtOAc, 4:1) to givé (66 mg, 99%). allylation of pronucleophiles with simple alkynes using palladium/
A plausible mechanism for this allylation is illustrated in acetic acid catalyst. The advantage of this methodology is not
Scheme 1. The initial step would be hydropalladatiot @fith only the high yield and high regioselectivity but also the ease of

the hydridopalladium speciezs generated from Pdand acetic the preparation of the substrates, especially in the case of the
acid (catalytic cycle Iy. The resulting vinyl palladium species intramolecular reactions (see Supporting Information). Further-
27 would produce phenyl aller@8 and the active cataly&i6 via more, to the best of our knowledge, the present reaction is the
B-elimination31® Hydropalladation 028 with 26 would give the first example for the formal allylic substitution reaction with
m-allylpalladium specie®9 which reacts with a pronucleophile  simple alkynes, which enables an eco-chemical process to be
to give the product along with the hydridopalladiurg6 (cycle carried out without liberating leaving groups.
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