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Abstract: In acetonitrile as solvent and in the presence of asimple
cobalt halide as catalyst, the reduction by zinc dust of a mixture of
aldehydes or ketones and allylic acetates affords the corresponding
homoallylic alcoholsin good yields.
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Allylation of carbonyl compounds is one of the most in-
teresting processes for the preparation of homoallylic al-
cohols. Over the past few decades, many reagents have
been developed for such reactions.! Generaly, allylation
of carbonyl compounds from allylic acetates, which are
easily derived from available alylic acohols, requires ca-
talysis by a palladium complex associated with areducing
reagent which are metals or salts such as Zn,?> SnCl,,?
Sml,,* and Inl® in a stoichiometric amount.

In most cases, only aldehydes are reactive except with
Sml,, which also allows the allylation of ketones. Never-
theless, alylation is restricted since aromatic and o,f-un-
saturated a dehydes or ketones lead to pinacol formation
with this samarium salt. Another route to alylic anions
from alylic acetate is their electrochemical generation.
Indeed, a Pd(I1)-Zn(l1) system allows the reaction of al-
lylic acetates with carbonyl compounds via el ectrochemi-
cal reduction.® However, this processis carried out in a
divided cell fitted with Pt electrodes and requires a sto-
ichiometric amount of zinc chloride. To our knowledge,
the only catalyst, which can replace palladium, is a ruthe-
nium complex”’ in the presence of carbon monoxide to en-
sure the catalytic activity of the ruthenium complex.
Nevertheless, the reaction islimited to aldehydes.

Recently, we have discovered that cobalt halides are effi-
cient catalystsfor somereactions usually catalysed by pal-
ladium complexes.® This cobalt catalyst associated with
pyridine has also been used for the electroreductive allyl-
ation of aromatic halides by allylic acetates.®

In this paper, we report our investigations of the cobalt-
catalysed coupling reaction of allyl acetates with carbonyl
compounds using zinc dust as areducing agent, leading to
homoallylic alcohols (Scheme 1).
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Allylic acohols were formed from the ketone (Scheme 1,
Table 1) by reaction of cobalt bromide and zinc dust. This
isamild reaction that is carried out at room temperature
and the pure alylic acohol isisolated by column chroma
tography.

The use of DMF and THF as solvent inhibits the reaction
and neither substrate is consumed. Besides acetonitrile,
benzonitrile or adiponitrile can be used but the purifica-
tion of the homoallylic alcohol is therefore difficult. The
use of 2 equivalents of Zn powder and 0.3 equivaents of
catalyst increased the rate of the reaction but smaller
amounts (1 equiv of zinc, 0.2 equiv of CoBr,) aso result
in the consumption of all the starting products. With only
0.1 equivaents of cobalt salt, only small amounts of ho-
moallylic alcohol are obtained. The yield is similar even
when the reaction is carried out at 50 °C, but the reaction
time decreases (5 hinstead of 7 h). Trifluoroacetic acid is
necessary to activate the zinc dust. lodine or acetic acid
could also play this part. Undoubtedly, the zinc dust re-
duces CoBr, to a Co(l) species, which is the reactive spe-
cies towards the allylic acetate. Further mechanistic
studies, including the electrochemical characterisation of
active catalyst species are now in progress. The results of
the alylation of various ketones by allyl acetate are re-
ported in Table 1.

Good yields are obtained with severa aliphatic, aromatic,
and even heteroaromatic ketones. Reaction times range
from 5 to 7 hours. In the case of benzophenone (Table 1,
entry 5), the ketone is not totally consumed, resulting in a
moderate yield, this could result from steric hindrance due
to the phenyl groups. In this case, an excess of dlylic ac-
etate is necessary (with 2 equiv of allylic acetate) to in-
crease the the yield to 75%. With a more reactive ketone
such as ethyl pyruvate, no traces of coupling with alyl ac-
etate are detected, only the resulting pinacol is formed.

In order to study the regiochemistry of this carbonyl allyl-
ation, the reaction with cyclohexanone was extended to
various alylic substrates (Table 2).

Substituted acetates are convenient asreagentsfor the car-
bonyl allylation catalysed by the Co—Zn system. These al-
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lylic derivatives react more slowly with cyclohexanone
than simple allyl acetate (Table 2, entries 1-4). The ke-
tone regioselectively attacks the more substituted allylic
position to give a single regioisomer. This process exhib-
its the reverse regioselectivity in comparison with the
Pd(0)-Sml, system.

Allylic acohol can also be used, avoiding the preparation
of the corresponding alylic acetate (Table 2, entry 4).
This last reaction has been poorly developed except for
Pd(0)-SnCl,2 and Pd(0)—InI® systems. In our case, the
coupling reaction takes place for the cinnamy!l alcohol but
the starting products are consumed more slowly (4 days)
than the corresponding acetate (Table 2, entry 4).

As shown in Scheme 2, the alylation of an a-chloroke-
tone by cinnamy! acetate was al so performed but the reac-

tive ketone first undergoes a reduction reaction of the
carbon—chlorine bond affording the corresponding ho-
moallylic alcohol 10in 72% yield.

The reaction of allyl acetate catalysed by Co—Zn system
has also been extended to aldehydes, which arereactivein
most alylation processes. The results are reported in
Table 3.

Several aldehydes such asaromatic (Table 3, entries 1-3),
dliiphatic (Table3, entries 4-6) and heteroaromatic
(Table 3, entries 8,9) reacted with allyl acetate. With an
a,B-unsaturated aldehyde (Table 3, entry 7), the 1,2-addi-
tion product is selectively obtained.

Our mechanistic interpretation is based on the mechanism
described recently concerning the activation of alylic ac-
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Tablel KetonesAllylation by Allyl Acetate with Co—Zn
CoBr; (3 mmol)

oA R R? Zn {20 mmol) /\)O<HR1
c
i T MeCN, RT Z" e

CF3COOH (0.05 mL)

10 mmol 10 mmol
En-try Ketone Product Yield (%) Time (h)
- O o' o
/ 1
2 C>: OH 70 5
° (X
/ 2
/\/\)]\ X 3
4 C \/ W 84 7
(0] OH 4
5 40 5
O O~
O a%
6 HO 55 3
o N
S \_ S 6
a2Yields of isolated pure products.
Table2 Cyclohexanone Allylation by Allylic Substrates with Co—Zn
e} CoBr, (3 mmol) OH
OH
Zn (20 mmol) R2
Rl X+ T R K> o P
MeCN, RT 3 1
2 13 2 R3 R R
R* R CF4COOH (0.05 mL) R™R
10 mmol 10 mmol
X= OAc, OH
Entry Allylic Substrate Product Yield (%)? Time
1 ~_A~_-OAc OH 9% 24h
/
7
2 Ph._~_OAc OH 69 16h
oV
Ph 8
3 /XOAC OH/ 24 7d
9
4 41 4d

Ph._~_OH OH
o
8

2Yields of isolated pure products.
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cl CoBr; (3 mmol) OH
Ph.__~_ _OAc /Kﬂ/ Zn (20 mmol) A&
\/\/ + T
o MeCN, RT Bh 10
10 mmol 10mmol  CFaCOOH (0.05 mL) .
Scheme 2
Table3 Allylation of Aldehydes by Allyl Acetate with Co—Zn
CoBr, (3 mmol) OH
R. H Zn (20 mmol) /\)\
OAc + e F R
N 7(])/ MeCN, RT
10 mmol 10 mmol CFsCOOH (0.05mL)

Entry Aldehyde Product Yield (%) Time (h)

1 83 5
MeOOCHO MeO@—(_\\
Hoo11

2 OMe
CHO
A\
OMe OH

3

4 /\/\/\/\CHO
©
CHO

6 W

CHO
7 W\

\ CHQ
8 (0] \7 o

OHC 18

9 si\ .CHO OH
— /\ R

n

CHO ! N
HO =

= 92 4

. 73 6
>_/_>_>I ;

96 6

63 96

94 4
16
57 72
75 20
89 24

2Yields of isolated pure products.

etate by CoBr,.1% In apreliminary step, cobalt(l1) bromide
is reduced to Co(l) by zinc dust previously activated by
acid (trace amounts). That latter Co(l) complex undergoes
oxidative addition with the allylic acetate which resultsin
an3-alyl Co(ll1) species, whichisreadily reduced by zinc
dust inton3-allyl Co(Il) species. That latter n3-allyl Co(ll)
complex is most likely the active species toward the car-
bonyl compound, as suggested in Scheme 3.
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This reaction using the new system Co—Zn provides a
novel method for forming C—C bonds by coupling carbo-
nyl compounds and allylic acetates or acohols. This pro-
cess is interesting since the starting allylating reagents,
acetates, and alcohols, are easily prepared and relatively
stable. The advantage of this method isits applicability to
both ketones and adehydes. Further studies are in
progress to extend that reaction to other electrophilic re-
agents.
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Co'Br, + 1/2Zn

Co'Br + 1/2ZnBr,

PN 1/2 Zn P
R R

Co'Br + o~ OAc | —_— | + 1/2 ZnBr

co'l Co'"oAc
7N\
B OAc
%I\\ * i hig i — M Rzl
Co''OAc o) R
Scheme 3

All reactions were conducted under an atmosphere of argon. Reac-
tions were monitored by GC anayses on a Varian 3300 by using a
column CPSIL5CB (I =25 m) coupled with a Chromjet Spectra-
Physics. NMR spectra were obtained in CDCIj at r.t. on a Brucker
AC-200 instrument ['H NMR (200MHz), 3C NMR (50MHz)].
Mass spectra (MS) were determined on a Thermofinnigan GCQ re-
corded with a spectrometer coupled with a gas chromatograph
(25m). All reagents and solvents were obtained from commercial
suppliers and were used without further purification. All reactions
involved the use of anhydrous CoBr, (Acros). Chromatography was
carried out using Merck 60 230-400 mesh silica gel. The starting
substituted alylic acetates were prepared from the commercialy
available corresponding al cohols as described in the literature.*

1-(Prop-2-enyl)cyclohexan-1-ol (1); Typical Procedure

In a solution of MeCN (20 mL) containing zinc dust (1.3 g, 20
mmol) and CoBr, (0.66 g, 3 mmol), alylic acetate (1.1 mL,10
mmol) and a stoichiometric amount of cyclohexanone (0.98 g,10
mmol) were added. The reaction medium is then activated by add-
ing trifluoroacetic acid (0.05 mL) at r.t. The mixture was stirred at
r.t. for 7 h, one of the two starting compounds was consumed. The
mixture was quenched with HCl (2 N) and extracted with Et,O
(2 x 25 mL). The combined organic |ayers were washed with brine,
dried (MgS0O,), and the solvent evaporated under vacuum to afford
1. Theresidue was purified by column chromatography on silicagel
with pentane-Et,0 (90:10) aseluent to give 1in 84% (1.18 g) yield.

IR(film): 3440, 2940, 1720 cm .

IH NMR: § = 5.69-5.48 (m, 1 H), 4.82-4.73 (m, 2 H), 1.91 (d, 2 H,
J=7.3Hz),1.72 (s, 1 H), 1.42-1.15 (m, 10 H).

BC NMR: § =133.8, 117.9, 71.3, 46.6, 37.0, 25.6, 22.0.

MS: miz (%) = 123 (M —OH, 11), 99 (39), 81(100), 79 (72), 77 (15),
55 (15).

1-(Prop-2-enyl)cyclohex-2-en-1-0l (2)

By asimilar procedure to that described for the synthesis of 1, stir-
ring cyclohexenone (0.96 g, 10 mmol) with allylic acetate (1.1 mL,
10 mmol) for 5 h afforded 2. The residue was purified by column
chromatography on silicagel with pentane—Et,O (95:5) as eluent to
give2in 70% (0.98 g) yield.

IR(film): 3440, 3060, 2980, 2940, 1640, 1600 cm™.

IH NMR: § = 5.98-5.77 (m, 2 H), 5.64-5.59 (m, 1 H), 5.15-5.00
(m, 2H),2.29(d, 2H, J = 7.2 Hz), 2.02 (s, 1 H), 2.16-1.59 (m, 6 H).
13C NMR: § = 1335, 132.0, 129.7, 118.1, 68.9, 46.5, 35.2, 24.9,
18.7.

MS: mVz(%) = 121 (M —OH, 25), 97 (100), 79(44), 77 (30), 67 (14),
55 (20).

4-Methylnon-1-en-4-ol (3)

By a similar procedure to that described for the synthesis of 1, the
stirring of heptan-2-one (1.14 g,10 mmol) with alylic acetate (1.1
ml, 10 mmol) for 5 h afforded 3. The residue was purified by col-

umn chromatography on silicagel with pentane-Et,O (95:5) aselu-
ent to give 3in 65% (1.02 g) yield.

IR(film): 3420, 2940 cm™.

IH NMR: 8 = 5.97-5.76 (m, 1 H), 5.16-5.05 (M, 2 H), 2.22 (d, 2 H,
J=7.4Hz),1.68(s, 1H), 1.50-1.21 (m, 8 H), 1.16 (s, 3 H), 0.89 (t,
3H,J=6.6Hz).

BCNMR: §=134.1, 1184, 72.1, 46.2, 41.7, 32.3, 26.6, 23.4, 22.5,
13.9.

MS: miz (%) = 139 (M — OH, 12), 115 (53), 97 (43), 69 (26), 55
(100).

2-Phenylpent-4-en-2-ol (4)

By asimilar procedure to that described for the synthesis of 1, stir-
ring acetophenone (1.2 g, 10 mmol) with alylic acetate (1.1 mL, 10
mmol) for 7 h afforded 4. The residue was purified by column chro-
matography on silicagel with pentane-Et,O (95:5) as eluent to give
4in 84% (1.36 g) yield.

IR(film): 3440, 2980, 2940, 1640, 1600 cm ™.

IH NMR: § = 7.36-7.08 (m, 5 H), 5.62-5.41 (m, 1 H), 5.06-4.97
(m, 2 H), 2.42 (d, 2 H, J= 8.0 Hz), 2.17 (s, 1 H),1.43 (s, 3 H).

13C NMR: § = 147.4, 133.5, 127.9, 126.4, 124.6, 119.1, 73.4, 48.2,
29.6.

MS: m/z(%) = 145 (M —OH, 57), 129 (10), 122 (11), 121 (100), 105
(26), 77 (32), 51 (20).

1,1-Diphenylbut-3-en-1-ol (5)

By asimilar procedure to that described for the synthesis of 1, stir-
ring benzophenone (1.82 g, 10 mmol) with alylic acetate (1.1 mL,
10 mmol) for 5 h afforded 5. The residue was purified by column
chromatography on silica gel with pentane—Et,O (95:5) as eluent to
give5in 40% (0.9 g) yield.

IR(film): 3500, 3060, 3040, 1640, 1600 cm.

IH NMR: § = 7.75-7.02 (m, 10 H), 5.72-5.51 (m, 1 H), 5.08-5.02
(m, 2H),3.00(d, 2H, J= 7.1 Hz), 2.70 (s, 1 H).

13C NMR: §=146.9, 137.7, 135.1, 130.2, 128.3, 127.0, 126.2,
118.8, 78.1, 46.9.

MS: mz (%) = 206 (10), 184 (160), 183 (100), 105 (93), 77 (27).

2-(2-Thienyl)pent-4-en-2-ol (6)*?

By asimilar procedure to that described for the synthesis of 1, stir-
ring 2-acetylthiophene (0.94 g, 10 mmol) with allylic acetate (1.1
mL, 10 mmol) for 3 h afforded 6. The residue was purified by col-
umn chromatography on silica gel with pentane—Et,O (90:10) as
eluent to give 6 in 55% (0.75 g) yield.

IR(film): 3450, 3060 cmL.

IH NMR: § =7.02 (dd, 1 H, J= 1.5, 4.7 Hz), 6.81-6.75 (m, 2 H),
5.72-5.51 (m, 1 H), 5.02-4.93 (M, 2 H), 2.92 (s, 1 H), 2.59-2.40 (m,
2H), 1.47 (s, 3 H).
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1¥C NMR: § = 153.2, 133.6, 126.7, 123.9, 122.4, 119.2, 73.0, 46.3,
30.1.

MS: m/z (%) = 151 (M — OH, 10), 127 (160), 111 (13).

1-(1-Methylpr op-2-en-1-yl)cyclohexan-1-ol (7)

By asimilar procedure to that described for the synthesis of 1, stir-
ring cyclohexanone (0.98 g, 10 mmol) with crotyl acetate (1.14 g,
10 mmol) for 24 h afforded 7. The residue was purified by column
chromatography on silica gel with pentane—Et,O (90:10) as eluent
to give 7in 94% (1.45 g) yield.

IR(film): 3460, 2940, 1640, cr™.

H NMR: & =5.92-5.74 (m, 1 H), 5.09-5.00 (m, 2 H), 2.24-2.09
(m, 1 H), 1.61 (s, 1 H), 1.56-1.08 (m, 10 H), 1.02 (d, 3H, J=6.9
Hz).

13C NMR: 3 = 140.4, 115.6, 72.3, 48.3, 34.8, 34.3, 25.8, 21.7, 14.0.

MS: m/z(%) = 137 (M —OH, 5), 99 (47), 81(100), 81 (100), 79 (71),
77 (15).

1-(1-Phenylpropen-2-yl)cyclohexan-1-ol (8)

By asimilar procedure to that described for the synthesis of 1, stir-
ring cyclohexanone (0.98 g, 10 mmol) with cinnamyl acetate (1.76
0, 10 mmol) for 16 h afforded 8. The residue was purified by col-
umn chromatography on silica gel with pentane-Et,O (90:10) as
eluent to give 8in 69% (1.49 g) yield.

IR(film): 3450, 3030, 2920, 2860, 1640, 1600 cm™.

IH NMR: § = 7.26-7.08 (m, 5 H), 6.34-6.15 (m, 1 H), 5.11-4.98
(m, 2H), 3.16 (d, 1 H, J = 9.8Hz), 1.62-1.05 (m, 11 H).

13C NMR: 5 = 140.9, 137.7, 129.2, 128.1, 126.4, 117.1, 72.5, 61.0,
35.7, 354, 25.6, 21.8.

MS: m/z(%) = 199 (M-OH, 5), 118 (89), 117(100), 115 (33), 99
(17), 81 (52), 79 (37).

1-(1,2-Dimethylpr op-2-en-1-yl)cyclohexan-1-ol (9)

By a similar procedure to that described for the synthesis of 1, the
stirring of cyclohexanone (0.98 g, 10 mmol) with 1,1-dimethyl
prop-2-enyl acetate 21 (1.28 g, 10 mmol) for 7 d afforded 9. Theres-
iduewas purified by column chromatography on silicagel with pen-
tane—Et,0 (90:10) as eluent to give 9in 24% (0.4 g) yield.

IR(film): 3450 cm™.

IH NMR: § =5.93 (dd, 1 H, J= 11, 17.4 Hz), 5.04-4.91 (m, 2 H),
1.61-1.31 (m, 11 H), 0.93 (s, 6 H).

3CNMR: § = 145.5, 113.3, 74.4, 44.2, 31.3, 25.8, 21.9, 21.8, 21.7.

MS: Mz (%) = 151 (M — OH, 5), 99 (38), 81 (100), 77 (14), 70 (10),
55 (27).

3-Methyl-4-phenylhex-5-en-3-ol (10)**

By asimilar procedure to that described for the synthesis of 1, stir-
ring 3-chloro 2-butanone (1.07 g, 10 mmol) with cinnamyl acetate
(1.76 g, 10 mmoal) for 7 h afforded 10. The residue was purified by
column chromatography on silica gel with pentane-Et,O (98:2) as
eluent to give 10 in 72% (1.37 g) yield.

IR(film): 3450, 3030, 2920, 1640, 1600 cm ™.

IH NMR: § = 7.23-7.05 (m, 5 H,), 6.31-6.09 (m, 1 H), 5.09-4.97
(m, 2H),3.20 (2d, 1H, J=4.8Hz), 1.88 (s, 1 H), 1.37 (2 q, 2 H,
J=74Hz),099 (25, 3H),0.81(2t,3H, J=7.4H2).

13C NMR: § =141.2, 141.0, 137.9, 137.8, 129.1, 128.1, 126.4,
117.2, 117.1, 74.1, 74.0, 59.9, 32.6, 32.4, 24.1, 24.0, 7.9.

MS: m/z (%) = 173 (M — OH, 5), 118 (69), 117 (100), 115 (38), 91
(12), 73 (12), 55 (26).

Synthesis 2003, No. 12, 1909-1915 © Thieme Stuttgart - New Y ork

1-(4-M ethoxyphenyl)but-3-en-1-ol (11)

By asimilar procedure to that described for the synthesis of 1, stir-
ring 4-methoxybenzal dehyde (1.36 g, 10 mmol) with alylic acetate
(2.1 mL, 10 mmol) for 5 h afforded 11. The residue was purified by
column chromatography on silica gel with pentane-Et,O (95:5) as
eluent to give 11 in 83% (1.48 g).

IR(film): 3420, 3000, 2920, 2840, 1620 cm ™.

IH NMR: 8 =7.41 (d, 2 H, J=8.7 Hz), 7.02 (d, 2 H, J = 8.7 Hz),
6.00-5.83 (M, 1 H), 5.32-5.23 (m, 2 H), 4.80 (t, 1 H, J = 6.6 Hz),
3.94 (s, 3H), 2.68-2.61 (m, 2 H), 2.19 (s, 1 H).

B¥C NMR: 5 = 159.0, 136.1, 134.7, 127.2, 118.0, 113.8, 73.1, 55.2,
43.6.

MS: m/z (%) = 161 (M — OH, 19), 160 (100), 159 (86), 145 (27),
144.(27), 129 (41), 128 (22), 115 (36), 151 (M —OH,10), 127 (160),
111 (13).

1-(2-M ethoxyphenyl)but-3-en-1-ol (12)

By asimilar procedure to that described for the synthesis of 1, stir-
ring 2-methoxybenzal dehyde (1.36 g, 10 mmol) with allylic acetate
(2.1 mL, 10 mmol) for 6 h afforded 12. The residue was purified by
column chromatography on silica gel with pentane/e-Et,Other
(95:5) aseluent to give 12in 96% (1.71 g) yield.

IR (film): 3440, 2940, 1740, 1600 cm™.

IH NMR: 3 = 7.26-7.10 (m, 2 H,), 6.90-6.71 (m, 2 H,), 5.81-5.64
(m, 1H,), 5.08-4.80 (m, 3 H,), 3.72 (s, 3 H,), 2.50-2.37 (m, 2 H,),
1.98(s, 1H,).

13C NMR: 3 =156.2, 135.1, 1315, 128.2, 126.7, 120.5, 117.3,
110.3,69.5, 55.1, 41.7.

MS: m/z (%) = 161 (M — OH, 5), 138 (11), 137 (100), 107 (61), 77
(19).

1-Naphthylbut-3-en-1-ol (13)

By asimilar procedure to that described for the synthesis of 1, stir-
ring 1-naphtaldehyde (1.59 g, 10 mmol) with alylic acetate (1.1
mL, 10 mmol) for 96 h afforded 13. Theresidue was purified by col-
umn chromatography on silicagel with pentane—Et,0O (95:5) aselu-
ent to give 13in 63% (1.25 g) yield.

IR (film): 3400, 3060, 2940, 1680 cm2.

IH NMR: & = 8.12-7.47 (m, 7 H), 6.07-5.86 (m, 1 H), 5.57-5.30
(m, 1H), 5.29-5.19 (m, 2 H), 4.99 (s, 1 H), 2.86-2.59 (m, 2 H).

13C NMR: 5=139.3, 134.6, 133.7, 130.2, 128.1, 127.8, 125.9,
125.4,122.9, 117.9, 70.0, 42.6.

MS: mz (%) = 199 (M + 1, 23), 158 (12), 157 (100), 129 (64), 128
(25), 127 (11).

Dodec-1-en-4-ol (14)

By asimilar procedure to that described for the synthesis of 1, stir-
ring nonyl adehyde (1.42 g, 10 mmol) with allylic acetate (1.1 mL,
10 mmol) for 4 h afforded 14. The residue was purified by column
chromatography on silica gel with pentane—Et,0O (95:5) as eluent to
give 14in 92% (1.69 g) yield.

IR (film): 3460, 2920, 1730 cm ™.

1H NMR: § = 5.75-5.54 (m, 1 H), 4.96-4.88 (m, 2 H), 3.51-3.46
(m, 1 H), 2.16-1.91 (m, 2 H), 1.86 (s, 1 H), 1.44-1.10 (m, 14 H),
0.70 (t, 3H, J = 6.3 H).

13C NMR: § = 134.6, 117.4, 70.9, 41.5, 36.4, 31.7, 29.4, 29.1, 25.4,
22.4,20.3, 13.8.

MS: m/z (%) = 167 (M — OH, 69), 153 (64), 149 (60), 135 (76), 121
(60), 109 (60), 107 (55), 98 (100), 97 (48), 95 (57), 93 (84), 84 (47),
83 (69), 81 (82), 79 (73), 67 (79), 55 (41).
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6,10-Dimethylundeca-1,9-dien-4-ol (15)
By a similar procedure to that described for the synthesis of 1, stir-
ring of 3,7-dimethyl-6-octenal (1.54 g, 10 mmol) with allylic ace-
tate (1.1 mL, 20 mmol) for 6 h afforded 15. Theresidue was purified
by column chromatography on silica gel with pentane—Et,O (95:5)
aseluent to give 15in 73% (1.43 g) yield.

IR (film): 3400, 2920 cm™.

1H NMR: § = 5.94-5.73 (m, 1 H), 5.15-5.08 (m, 3 H), 3.80-3.68
(m, 1 H), 2.33-2.01 (m, 3 H), 1.97 (s 1 H), 1.68 (s, 3 H) 1.60 (s, 3
H), 1.55-1.11 (m, 6 H), 0.92 (2 d, 3H, J = 6.5 Hz).

13C NMR: 3 =134.8, 130.9, 124.6, 117.8, 68.6, 68.3, 44.2, 42.7,
420, 37.8, 36.6, 29.2, 28.8, 20.1, 19.0, 17.5.

MS: mVz (%) = 155 (46), 137 (47), 121 (22), 107 (32), 95 (71), 93
(28), 81 (100), 79 (50), 69 (29), 67 (79).

1-Phenylpent-4-en-2-ol (16)

By asimilar procedure to that described for the synthesis of 1, stir-
ring phenylacetaldehyde (1.2 g, 10 mmol) with alylic acetate (1.1
mL, 10 mmol) for 4 h afforded 16. The residue was purified by col-
umn chromatography on silicagel with pentane—Et,O (95:5) aselu-
ent to give 16 in 94% (1.52 g) yield.

IR (film): 3420, 2980, 2920, 1620 cm 2.

IH NMR: & = 7.22-7.04 (m, 5 H), 5.86-5.65 (m, 1 H), 5.06-4.99
(m, 2 H), 3.81-3.68 (M, 1 H), 2.74-2.54 (m, 2 H), 2.24-2.05 (m, 3
H)

13C NMR: § = 138.6, 134.1, 129.5, 1285, 126.4, 117.9, 71.8, 43.3,
41.2.

MS: m/z (%) = 145 (M — OH, 19), 144 (16), 121 (37), 103 (33), 92
(70), 91 (100), 79 (16), 77 (13), 65 (13).

1-Phenylhexa-1,5-dien-3-ol (17)

By asimilar procedure to that described for the synthesis of 1, stir-
ring trans-cinnamal dehyde (1.32 g, 10 mmol) with alylic acetate
(2.1 mL, 10 mmol) for 72 h afforded 17. The residue was purified
by column chromatography on silica gel with pentane—Et,O (95:5)
as eluent to give 17 in 57% (0.99 g) yield.

IR (film): 3420, 2940 cm ™.

IH NMR: & = 7.48-7.11 (m, 5 H), 6.58-6.40 (m, 1 H), 6.13-5.61
(m, 2 H), 5.09-4.95 (m, 2 H), 4.09-3.95 (m, 2 H), 2.44-2.24 (m, 1
H), 1.98 (s, 1 H).

13C NMR: 5=136.7, 134.6, 132.7, 130.4, 128.5, 126.5, 125.6,
116.9, 96.5, 40.7.

MS: Mz (%) = 156 (100), 155 (51), 153 (39), 141 (63), 128 (47),
115 (39), 91 (26).

1-(2-Furyl)but-3-en-1-ol (18)

By a similar procedure to that described for the synthesis of 1, the
stirring of 2-furaldehyde (0.96 g, 10 mmol) with alylic acetate (1.1
mL, 10 mmol) for 20 h afforded 18. The residue was purified by col-
umn chromatography on silicagel with pentane-Et,O (95:5) aselu-
ent to give 18 in 75% (1.04 g) yield.

IR (film): 3400, 3080, 2920, 1740, 1700, 1600 cm™.

IH NMR: §=7.26 (dd, 1 H, J=0.9 Hz, 1.9 Hz), 6.22 (dd, 1 H,
J=1.9,3.1Hz),6.13(d, 1H, J = 3.1 Hz), 5.79-5.59 (m, 1 H), 5.10—
4.98 (M2 H), 461 (t, 1H, J= 6.6 Hz) 2.68 (s, 1 H) 2.54-2.46 (m, 2
H).

13C NMR: § = 156.2, 141.9, 133.9, 118.3, 110.1, 106.1, 67.0, 40.1.

MS: mz (%) = 138 (5), 121 (M — OH, 5), 97 (100), 69 (20).

1-(3-Thienyl)but-3-en-1-ol (19)

By asimilar procedure to that described for the synthesis of 1, stir-
ring 3-thiophenecarboxal dehyde (1.12 g, 10 mmol) with alylic ac-
etate (1.1 mL, 10 mmol) for 20 h afforded 19. The residue was
purified by column chromatography on silica gel with pentane—
Et,O (95:5) aseluent to give 19 in 89% (1.37 g) yield.

IR (film): 3400, 3080, 2920, 1640 cm ™.

IHNMR: 3 =7.11(dd, 1 H, J= 3.0, 4.9 Hz), 6.99 (dd, 1H, J= 1.2,
30Hz), 6.91(dd, 1 H, J=1.2, 49 Hz), 5.74-5.53 (m, 1 H), 5.02—
4.92 (m, 2 H), 4.60 (t, 1 H, J= 7.1 Hz), 4.06 (s, 1 H), 2.40-2.33 (m,
2 H).

13C NMR: § = 145.3, 134.3, 125.7, 120.6, 117.7, 65.6, 42.7.
MS: m/z (%) = 154 (5), 137 (M — OH, 26), 113 (78), 85 (100).
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