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Allylic organometallic compounds have been studied exten-
sively and widely used for highly stereoselective synthesis of
homoallylic alcohols.1 In contrast, only a few reports about
the addition of allylic metals to triple bonds are found in the
literature.2 An allyl Grignard reagent adds to propargylic
alcohols or homopropargylic alcohols by anantiaddition process
to give both regioisomers in the absence3 or in the presence of
CuI catalyst.4 Allylzincation of terminal alkynes is generally
complicated by competitive zincation of alkynes and double
allylzincation.5,6 Here we report that allylmagnesium bromide
adds to the triple bond of the alkyl ether of homopropargylic
alcohol to give monoallylated products with high regio- and
stereoselectivities in the presence of a catalytic amount of
manganese salt such as MnI2, Mn(acac)3, or Mn2(CO)10. The
formation of diallylation products under an oxygen atmosphere
is also disclosed.
Treatment of an ethereal solution of homopropargylic alcohol

methyl ether (1a, 1.0 mmol) with allylmagnesium bromide (1.5
mmol) in the presence of MnI2 catalyst (3 mol %) at 25°C for
3 h provided monoallylated product2a in 83% yield (eq 1).7,8

Other manganese catalysts such as Mn(acac)3, MeC5H4Mn-
(CO)3, and Mn2(CO)10 were also effective for the reaction. The
yields of 2a with these catalysts were 93%, 89%, and 80%,
respectively, under the same reaction conditions.9 Benzyl ether
of 3-decyn-1-ol (1b), THP ether of 3-decyn-1-ol (1c), methyl
ether of 5-nonyn-3-ol (1d), or methyl ether of 4-phenyl-3-butyn-
1-ol (1e) also gave the corresponding allylated product2b, 2c,
2d, or 2e in 77%, 74%, 72%, or 74% yield, respectively, upon
treatment with allylmagnesium bromide in the presence of Mn-
(acac)3 (3 mol %) in toluene at 25°C for 3 h. Other metallic
catalysts such as PdCl2(CH3CN)2, NiCl2(PPh3)2, CrCl3, and
RuCl3 were ineffective, and starting acetylenic compound1a
was recovered unchanged.

The intermediary alkenylmagnesium compound3 could be
trapped by electrophiles such as PhCHO,n-C6H13CHO, or allyl
bromide (eq 2). Thesynaddition of an allyl-metal component
was confirmed by comparison of4cwith the authentic sample
of trans-diallylated product derived from HOCH2CH2CtC-n-
Hex according to the reported procedure3 (a, CH2dCHCH2-
MgBr, CuI; b, CH2dCHCH2Br; c, NaH, MeI).

The reaction was clearly oxygen-assisted since the yield
dropped to 42% in the case of the benzyl ether of 4-hexyn-1-
ol, and 6-dodecyne was completely recovered even after heating
a mixture at reflux in ether for 10 h. The use of propargylic
alcohol alkyl ether5 instead of the homopropargylic substrate
afforded allenyl product6 which was generated by SN2′ type
displacement of an alkoxy group by allylic anion (eq 3).10

Next, the reaction of homopropargylic ether having an olefinic
moiety has been examined. An addition of allylmagnesium
bromide to a THF solution of homopropargyl alkenyl ethers7a
and7b (Z/E ) 90/10) in the presence of a catalytic amount of
Mn(acac)3 afforded tetrasubstituted alkene11a (75%) and11b
(Z/E ) 10/90, 65%)11 with high stereoselectivity. We are
tempted to assume following reaction mechanism: (1) allyl-
manganation of7 gives alkenylmanganese intermediate8, (2)
intramolecular carbomanganation provides furan derivative9,
and (3) deoxymanganation followed by transmetalation and
aqueous workup affords tetrasubstituted alkene11 (eq 4).
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We have found accidentally that diallylation products12 are
formed along with the monoallylated one in the presence of
oxygen. The nature of manganese catalysts and solvents has
played a critical role for the successful formation of diallylation
products. The manganese salt MeC5H4Mn(CO)3 was a choice.
Thus, treatment of a THF solution of1a (1.0 mmol) with
allylmagnesium bromide (4.0 mmol) in the presence of MeC5H4-
Mn(CO)3 (10 mol %) under an argon atmosphere for 2 h at 25
°C followed by exposure of the reaction mixture to air for 12
h gave the diallylated product12a)4c in 80% yield without
contamination of the monoallylated product2a (eq 5).13 Starting

from 1b, 1c, and1d, the corresponding diallylated products12b,
12c, and 12d were obtained in 78%, 35%, and 78% yields,
respectively, under the same reaction conditions. The use of
Mn(acac)3 instead of MeC5H4Mn(CO)3 decreased the yield of
the diallylated product12a to 66%, and the MnI2-catalyzed
reaction afforded a mixture of2a (42%) and12a (22%).14
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