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Tatsuya SHONO,* Manabu ISHIFUNE, and Shigenori KASHIMURA
Department of Synthetic Chemistry, Faculty of Engineering,

Kyoto University, Yoshida, Sakyo-ku, Kyoto 606

A Zn-promoted transformation of a variety of carbonyl
compounds to homoallylic alcohols has been accomplished in

excellent yields by using DMF as the solvent.

Since the transformation of carbonyl compounds to homoallylic alcohols is

an important tool in organic synthesis, various types of method using allylic
1,3,7,10-17)
’

metal-reagents (RCH=CHCH,M, M=Li,'”%'7) yg,1,3,4-9,12) 7,
Sn,16’18—22) Al,l’ll) Cd,l’lz) Pb,23’24) Ni,25’26) Cr,27) Mn,28’29) Bi,30) Sm,31)
B,BZ) Si,33) Ti,34) Zr,35) Ce36)) have already been exploited so far. Among them,

Zn has been known to be non-polluting, and readily available, while the low

reactivity of the Zn reagents toward the carbonyl group often results in low

yields.g_ll)
Although several attempts have already been made to improve the yields of
Zn-promoted allylation of carbonyl compouds,ls_le) any remarkable success has not

yet been reported. It is also rather surprising that almost all of the hitherto
known Zn-promoted allylations have been investigated only by using ether-type

colvents,ls3»7,10-12,14-17)

We wish to report our new findings that using DMF as the solvent was highly
effective to the Zn-promoted transformation of carbonyl compounds to the homo-
allylic alcohols and the reaction rate and yield were remarkably increased under
mild and simple reaction conditions. This new method seems to be one of the bests
among the methods cited above in its generality, simplicity in the operation and
high yields. The reaction of crotonaldehyde (la) with allyl bromide (2a) which

was carried out in DMF (Scheme 1) by using some pieces of small Zn plate as
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the promoter, for example, gave the homoallylic alcohol (3a) in 86% yield, while
it has been reported that the yield of 3a obtained by using other types of solvent

was generally low. For example, the yield of 3a obtained by using the system

consisting of Zn dust and aqueous THF was 37%.17)
0 OH
/\)LH . ANBr _In/DMF /\)\/\ 86%
r.t. 30 min
la 22 3a
Scheme 1.

It is also noteworthy that this new method does not require anhydrous
solvent, innert atmosphere, and the pre-activation of Zn.
A general procedure is as follows: Into a stirred solution of la (500 mg,

37 some pieces of small zinc

5.1 mmol) and 2a (900 mg, 7.4 mmol) in 5 ml of DMF,
plate38) (500 mg, 7.7 mmol) were added at room temperature under the atmosphere.
An exothermic reaction started within 10 minutes and it ceased in 30 minutes.
Then, the reaction mixture was poured into a saturated aqueous solution of NH4CI
(100 ml), extracted with ether (30 ml x 3), and the combined organic phase was
dried over MgSO4. After it was worked up as usual, the product 3a was purified
by Kugel rohr distillation under reduced pressure. The structure of 3a was
confirmed by the comparison of its spectroscopic values with those of

the authentic sample.17)

As the other examples summarized in Table 1 show, this method is successfully
applicable to the allylation of a variety of carbonyl compounds, and the yields of
3 are generally high. 1In addition, it is also surprising that the reaction of
hexanal (lb) with cinnamyl bromide (2b) (run 8 in Table 1) yielded the correspond-
ing homoallylic alcohol 3h in good yield, while it has been reported that the same
reaction carried out in THF did not give §g.16)

In our own examination, Zn-promoted allylation of carbonyl compounds is
highly influenced by the nature of solvent. As shown in Table 2, the reaction of
cyclohexanone (1c) and allyl bromide (2a) using Zn-promoter afforded the homoallyl
alcohol (3c) in good yields when the solvents were amides (runs 1 and 2 in Table

2), lactams (runs 3 and 4 in Table 2) and oxazoline (run 5 in Table 2), while

the use of THF as the solvent did not give 3c under otherwise the same reaction

conditions.



Chemistry Letters, 1990

Table 1. Allylation of Carbonyl Compounds

Carbonyl Allyl . a,b) Carbonyl Ally!l a,b)
Run compd. bromide Product Yield / % Run  compd.  bromide Product Yield / %
0] OH OH
1 Ay W b AAN @ 86| g ap @/vh(w N @ 87
0 OH d
2 AN Y W 2 AANAA G 94 ( erythro : threo = 75 : 15 ) )
o HO Y
3 0(10@ é\/‘m”yu&) b wo. X @ 86
0 OH
4 AR W Q@ ~AAA G 90
OH
10 @ ABr @ ~~INGp 99
5 -H >=o 1l @ ‘I"‘O‘OH Ge 94
. . N c) HO
( OH axial : equatorial = 85 : 15) 11 @ ) @ 93

o
6 AeOMeld @ 0% @D 94
o

OH
12 QAd o Br @D /W @b

7 W 1p Q@ Yﬂ;/ 32 81 (erythro : threo =1 :1 )e)

90

a) Isolated yields. b) The structures were determined by the spectroscopic comparison

with those of authentic samples. c¢) The ratio was determined by GLC.17’39)

d) The stereoisomers of 3h were transformed to the corresponding acetates and the ratio

was determined by 1H—NMR.40)

e) The ratio was determined by 1H—NMR.

Table 2. Solvent Effect of the Allylation of ]l¢

)
Solvent Yield of 3¢/ %a Run Solvent Yield of 3¢ / %a)
1 N,N-Dimethylformamide 99 4 2-Pyrrolidone 86
2 N,N-Dimethylacetoamide 99 5 2-Methyloxazoline 99
3 N-Methyl-2-pyrrolidone 99 6 Tetrahydrofuran no reaction

a) The reaction mixture was stirred for 2 h at room temperature.
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