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Palladium-Catalyzed Alkoxyallylation of Activated Table 1. Alkoxycarbonation of Olefind with 2 Catalyzed by
Olefins Pd(PPB).
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of activated olefind (eq 3). It is well-known in classical organic 9 la - 3n 95
chemistry that alkoxy nucleophlles (RPadd tolin a 1,4 manner 0 I A _OCOE . o
to produce the correspondingralkoxylated enolates. If the T 2 78:22
C
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o -CO, R20 ¢ Typical procedure: To a solution of 1a (77 mg, 0.5 mmol) and Pd(PPh;), (29 mg, 0.025
EWG \ mmol) in THF (5 mL) was added 2a (78 mg, 0.6 mmol} at room temperature under Ar,
1 2 3 and the mixture was stirred for 3 h. The solvent was removed in vacuo and the residuc
Alkoxyallylation was purified by silica gel column chromatography (hexane/ethyl acetate = 10/1) to give 3a

(110 mg, 0.46 mmol, 92 % yield). bCalalyLic amounts of Et3N (5 mol%) were added to
the reaction mixture. € 3i (ct-adduct at the crotyl unit); PACH(OEC(CN),CH,CH=

alkylation of the enolates is needed, alkyl halides or related CHCHs. 5 (y-adduct at the crotyl unit); PRCH(OEOC(CN),CH(CH3)CH=CH,.
alkylating agents (RX) should be added to the resulting 1,4-
adducts. The present transition-metal-catalyzed variant enables

(1) For a direct addition of an aromatic+C bond to a double bond, see:  ys to perform related transformations all in one shot under neutral
(a) Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A.; Sonoda, ditionss
M:; Chatani, N.Nature 1993 366 529; Pure Appl. Chem1994 66, 1527 conartions. o _
alnd refell'ences theaeig. Fotr1 Michael addition of pronucleolphile? to activate((il) Ethylidenemalononitriled underwent the facile alkoxyallyla-
olefins also proceeded in the presence of transition-metal catalysts, see: i i i i i
Naota, T.; Taki, H.; Mizuno, M.; Murahashi, S.-, Am. Chem. S0d.989 )tl?g(;lvgr;a”yléc Ca{gon?te. n tt?]e presence gf Catalll(ytlc a|r|n|C)L:pts
111,5954. (c) Paganelli, S.; Schionato, A.; Botteghi, trahedron Lett of Pd(PPH), (5 mol %) to give the corresponding alkoxyallylation

1991, 32, 2807. (d) Sawamura, M.; Hamashima, H.; Ito, ¥.Am. Chem. products3 in high yields (eq 3). The results are summarized in

Soc 1992 114, 8295. Table 1. The reaction with allyl ethyl carbonate2
(2) For unactivated allenes, see: (a) Yamamoto, Y.; Al-Masum, M.; Asao, able e reaction ofla with allyl ethyl carbonate2a

N.J. Am. Chem. So2994 116 6019. (b) Yamaguchi, M.: Omata, K.; Hirama, ~ Proceeded very smoothly at room temperature, giving allyl-1-

M. Tetrahedron Lett1994 35, 5689. (c) Yamamoto, Y.; Al-Masum, M.; ethoxybenzylmalononitrile3@) in 92% yield (entry 1). Other
;?J&Vaasrthi\;/IASan?ét’;llg%éagggr(()g) ';(?%2%50?06,38}\1'- l\slcgsmm&m%tgkgd;a aromatic olefins, which have an electron-donating group such as
A. J. Chem. Soc., Chem. Comma896 831. (f) Trost, B. M.; Gerusz, \o. . methyl (Lb) or methoxy () and an electron-withdrawing group

Am. Chem. Soc1995 117, 5156. (g) Besson, L.; Gore, J.; Cazes, B. such as esterlfl) at the para position, gave the corresponding

Tetrahedron Lett1995 36, 3853. (h) Meguro, M.; Kamijo, S.; Yamamoto,  glkoxyallylation products3b—d, respectively, in high yields
Y. Tetrahedron Lett1996 37, 7453. For activated allenes, see: (i) Trost, B

M.: Kottirsch, G.J. Am. Chem. S0d99Q 112, 2816. © (entries 2-4). 2-Naphthylidenemglononitrild(a) also gave the
(3) Trost, B. M.; Chan, C.; Ruhter, @. Am. Chem. Sod987, 109, 3486. p-ethoxya-allyl adduct3ein 90% yield (entry 5). Not only aryl-
S (4) g’ig Salt(e:r, M. Mﬁ-:9 ggvl()?rg{gnév; Saito, SV Yénbamof% ChSenI:- substituted olefins but also alkyl-substituted olefins underwent
ocC., em. Ccommu . evorgyan, V.; Kadowakl, C.; Salter, H : H _ _
M. M. Kadota, I.; Saito, S.: Yamamoto, Yretrahedron1997 53 9097, the alkoxyallylaﬂon reaction. The reaction dért but.yl
(5) (a) Takahashi, K.; Miyake, A.; Hata, ®ull. Chem. Soc. Jpri972 substituted alken&f and2a proceeded very smoothly to gia#

45, 1183. (b) Andell, O. S.; Backvall, J.-E.; Moberg, &cta Chem. Scand. in 99% vyield (entry 6). However, the reaction ofpentyl-

Ser. B1986 40, 184. (c) Jolly, P. W.; Kokel, NSynthesisl99Q 771. (d) ; : ; .
Mercier, C.; Miginani, G.; Aufrand, N.; Allmang, G.etrahedron Lett1991, substituted olefirlg, which has protons at the-position, gave

32, 1433. (e) Trost, B. M.; Zhi, LTetrahedron Lett1992 33, 1831. 4,4-dicyano-1,5-decadienef)(in 56% yield (entry 7). The
(6) Tsukada, N.; Shibuya, A.; Nakamura, I.; Yamamoto,JYAm. Chem.

Soc 1997 119 8123. (8) Quite recently, a new carbopalladatiezyclization process to synthesize
(7) Al-Masum, M.; Meguro, M.; Yamamoto, YTetrahedron Lett1997, tetrahydrofurans was reported: Cavicchioli, M.; Sixdenier, E.; Derrey, A,;

38, 6071. Bouyssi, D.; Balme, GTetrahedron Lett1997, 38, 1763.
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Table 2. In Situ Alkoxy-Exchange Reactién
entry ROH (equiv) yield (%Y ratio (3a/9
1 BuOH (1) 75 49:51
2 BuOH (10) 78 10:90
3 allylOH (1) 67 25:75
4 allyloH (10) 84 1>99
5 BnOH (1) 78 1>99
6 iPrOH (10) 67 >99:1

a A mixture of 1a (1 mmol),2a (1 mmol), and ROH (1—10 mmol)
was dissolved in THF (5 mL). Pd(PRh(0.05 mmol) was then added

at room temperature, and the mixture was stirred for appropriate period.

b|solated yields based aha.

activated olefinlh derived from ethyl cyanoacetate underwent
the alkoxyallylation by addition of catalytic amounts of triethyl-
amine (entry 8). In the absence of triethylamiBgas obtained

in lower yield. Other activated olefins such as diethyl ben-
zylidenemalonate, acrylonitrile, and ethyl propiolate did not
undergo the alkoxyallylatioh. Next, we examined various allylic
carbonates. Methallyl ethyl carbon&te reacted withlato give
the corresponding ethoxymethallylation prod8hbtin 95% yield
(entry 9). The reaction olla with crotyl ethyl carbonate2c
proceeded very smoothly to give a 78:22 mixtur&ifoi-adduct)
and5 (y-adduct) in 92% vyield (entry 10). The reaction D&
with o-methallyl ethyl carbonat@d gave a 77:23 mixture d3i
and 5 in 66% vyield (entry 11). Accordingly, the ©€C bond
formation of the substituted allyl groups takes place predominantly
at the less-hindered carbon site.

A plausible mechanism for the alkoxyallylation reaction is
shown in Scheme 1. Oxidative addition of allyl ethyl carbonate
2a to palladium(0) would give the cationig-allylpalladium
complex6™ and then the resulting ethoxy anion would react with
olefins 1 to give the s-allylpalladium complexes? having
[-ethoxylated enolates. Reductive elimination frémvould give
the products3 and palladium(0). In the case of substituted allyl
derivatives2b and 2c, the reductive coupling would take place
predominantly at the less-hindered site. If there jstaydrogen
atom inl (see entry 71g), EtO~ would abstract the proton instead
of addition to thep-position and the resulting enolate would
undergo coupling with allyl group to givé (see8).

It occurred to us that, by addition of other alcoholSQRI),
the alkoxy group RO might be introduced at th@-position of1

(9) The failure of the reaction with diethyl benzylidenemalonate can be
explained by the concept of steric inhibition of resonance; complete coplanarity
of two esters is difficult due to the steric interactions, but cyano produces
much less disruption of the ester overlap. (a) Boeckman, R. K., Jr.; Ko, S. S.
J. Am. Chem. S0d 982 104, 1033. (b) Shim, J.-G.; Yamamoto, ¥. Org.
Chem 1998 63, 3067.

(10) (a) Tsuji, J.; Shimizu, I.; Minami, I.; Ohashi, Y.; Sugiura, T.;
Takahashi, KJ. Org. Chem1985 50, 1523. Also for reviews, see: (b) Tsuji,
J. Palladium Reagents and Catalys#®hn Wiley and Son: Chichester, 1995;
p 61. (c) Codleski, S. A. I€omprehensie Organic SynthesiSemmelhack,
M. F., Ed.; Pergamon Press: Oxford, 1991; Vol. 4, p 585. (d) Collman, J. P.;
Hegedus, L. S.; Norton, J. R.; Finke, R. G.Rninciples and Applications of
Organotransition Metal Chemistryniversity Science Books: Mill Valley,
CA, 1987; p 417.

(11) MOPAC version 7 was used for MNDO calculation.
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instead of EtO group (eq 4). If this is the case, such an
intermolecular delivery of FO group matches more strongly with
the concept of “alkoxyallylation”. The reaction @& (1 equiv),

1a + 2a + R30OH
PAPPh)s o NC on on NC on
THF, rt. %/\ * j/K/\ “
EtO R%
3a 9a: R®=Bu
b : R3=allyl
c¢c: R®=Bn
d: R®=pPr

2a (1 equiv), and butanol (1 equiv) in the presence of catalytic
amounts of Pd(PRJy (5 mol %) gave a 49:51 mixture & and
9ain 75% yield (Table 2, entry 1). However, the use of 10 equiv
of butanol gave a 10:90 mixture &a and9a (entry 2). Very
interestingly, the reaction dfa, 2a, and 1 equiv of allyl alcohol
gave higher ratio of the exchanged alkoxy prod@et9b = 25:

75 (entry 3), and the use of 10 equiv of allyl alcohol g&@l®
exclusively in 84% yield (entry 4). Furthermore, in the case of
benzyl alcohol, only benzyloxy allylated prod@tt was obtained

in 78% yield even by the use of 1 equiv of benzyl alcohol (entry
5). These interesting selectivities can be explained by using the
MNDO calculationt! It showed that the electron charge on the
oxygen atom of ethoxy anion is0.7500 and that of butoxy anion

is —0.7413. However, those of allyloxy and benzyloxy anions
are—0.7411 and—-0.7229, respectively. These results indicate
that an equilibrium between ethoxy anion and the other alkoxy
anions lies to that of higher electron charge and such an anion
may attack olefins, predominantly. Although the electron charges
of ethoxy anion and isopropoxy anion@.7497) are very similar,

3a was obtained in 67% yield exclusively even in the presence
of 10 equiv ofi-PrOH since isopropoxy anion is more bulky in
comparison with ethoxy anion (entry 6).

If we can extend the alkoxyallylation to hydroxyallylation,
synthetic applicability of the present palladium-catalyzed meth-
odology may broaden. The reaction of with allyl methoxy-
methyl carbonat@e proceeded very smoothly in the presence of
Pd(PPh), catalyst to givel0in 89% yield, and the resulting ether
10 could be converted easily to the corresponding alcdfigh
83% vyield (eq 5).

Pd(PPh3),
THF, rt.
89 %
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In conclusion, activated olefind can be converted into
p-alkoxy-o-allylated adducts3 in one shot under essentially
neutral conditions through intermolecular delivery of RO group.
This kind of transformation is not easily available via conventional
organic reaction; transition-metal-catalyzed reaction enables us
to perform such a new type of transformation.

Supporting Information Available: Experimental data for com-
pounds3—11 (4 pages, print/PDF). See any current masthead page for
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