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Applications of Allylsamarium ACHTUNGTRENNUNGBromide as a Grignard Reagent and a Single-
Electron Transfer Reagent in the One-Pot Synthesis of Dienes and Trienes

Yuanyuan Hu, Tao Zhao, and Songlin Zhang*[a]

Introduction

Alkenes are useful compounds in a large number of synthet-
ic applications including epoxidation, hydroxylation, dihy-
droxylation, haloetherification and so forth. Especially
dienes and trienes not only play an important role in the
synthesis of many ligands, but also are found in the structure
of numerous natural products and pharmaceutical agents.[1]

Therefore, the synthesis of dienes and trienes is a very im-
portant issue in synthetic chemistry.[2] For alkene synthesis,
one can use the condensation-type reaction of carbonyl
compounds such as the Wittig reaction[3] or related reac-
tions.[4] However, the condensation-type reaction is not ef-
fective for the synthesis of dienes and trienes, and although
there are many other methods for the preparation of di- and
trienes,[5,6] these methods suffer from disadvantages such as
difficult-to-synthesise substrates, harsh reaction conditions,
multistep procedures and so forth.

Since the pioneering work of Kagan in 1980,[7] applica-
tions of samarium diiodide as a mild, neutral, selective and
versatile single-electron transfer (SET) reducing and cou-
pling reagent in organic synthesis have already been well
documented in several reviews,[8] and a variety reactions
mediated by metallic samarium and other samarium re-

agents have also been reported.[9] Zhang first reported the
convenient preparation of allylsamarium(II) bromide and
used it successfully in Grignard-type reactions.[10] Compared
to allylmagnesium bromide,[11] allylsamarium bromide is not
as active, and it does not give rise to coupling by-products
during preparation. However, that allylsamarium bromide
can play the role of a SET reagent has not been reported.

We presume that allylsamarium(II) can be used as a SET
reagent, like SmI2. The question of whether allylsamarium
bromide could play the role of a Grignard reagent and a
SET reagent prompted us to conduct a study on the reaction
of a-halo and g-halo-a,b-unsaturated ketones and esters
with allylsamarium bromide. We report herein the reaction
of a-haloketones and esters with allylsamarium bromide
under mild conditions; this one-pot transformation afforded
di- and trienes in good yield, which, to our knowledge, has
not been studied so far.

Results and Discussion

Several features of SmI2 reductions that were exhibited in
previous studies[12] led us to investigate the function of allyl-
samarium as a reductant for a-haloketones and esters. As
shown in Scheme 1 and Table 1, the role of allylsamarium
reduction has been proved. The a-haloketone and ester un-
dergo reduction at �78 8C upon addition of the substrate in
THF/MeOH to a solution of allylsamarium in THF, making
it the reagent of choice for this transformation.

Encouraged by the above-mentioned reaction, we found
that when a-haloketones 1 were treated with allylsamarium
bromide (2) in THF at room temperature, 1,4-dienes 3 were
obtained in good yields (Scheme 2). The a-haloketones and
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allylsamarium bromide were used in a ratio of 1:2. All reac-
tions were completed within 30 min, and good yields of 1,4-
dienes were isolated. The product formation was ascertained
by TLC monitoring, and the product isolation was achieved
by quenching the reaction with dilute hydrochloric acid fol-
lowed by a standard workup. The results were shown in
Table 2.

Generally, the expected products can be obtained with
good to excellent yields. Compared to a-chloroketones, a-
bromoketone substrates result in higher yields, the reason
probably is that the Br atom has better leaving ability than
Cl. However, aromatic a-haloketones bearing a 4-methoxy
group on the aromatic ring, showed poor yields (Table 2, en-
tries 9 and 13). For the substrates (R2 = H), the correspond-
ing 1,4-dienes have a pair of isomers. The Z isomer was the
main product.

In addition, we also investigated the reaction of allyl ACHTUNGTRENNUNGsa-ACHTUNGTRENNUNGmar ACHTUNGTRENNUNGium with an aliphatic a-haloketone (a-chlorocyclohexa-
none; 4), and the corresponding 1,4-diene 5 was obtained
successfully in moderate yield (50%; Scheme 3).

A plausible mechanism for this transformation is pro-
posed in Scheme 4. Firstly, the ketone A undergoes allyla-

tion leading to the intermediate B. Then the halogen atom
of intermediate B coordinates with allylsamarium bromide
to afford intermediate C, which is followed by a trans elimi-
nation (a sequential single-electron transfer process) to give
to the desired product D.

The stereochemistry of the reaction can be explained by
the mechanism. We obtained the steady conformation K at
the B3LYP/6-31G level (Scheme 5). In the process of allyla-
tion, the orientation of allyl anion attacking the plain of car-
bonyl decides the stereochemistry of the terminal product.
There are two attacking paths shown in Scheme 5. In path a,
the allyl anion attacks from the back of the plain of carbon-

Scheme 1. Reduction of an a-haloketone and an ester with allylsamarium
bromide.

Table 1. Comparison of the effect of ratio, temperature and solvent in
the reduction of 2-bromo-1,2-diphenylethanone with allylsamarium bro-
mide.

Entry Ratio [substrate/
allylsamarium bromide]

T [oC] Solvent Yield[a] [%]

1 1:1 �78 THF/MeOH 26
2 1:2 �78 THF/MeOH 72
3 1:2 �78 THF 45
4 1:2 25 THF/MeOH 20

[a] Isolated yields based on 2-bromo-1,2-diphenylethanone.

Scheme 2. Reactions of a-haloketones with allylsamarium bromide.

Table 2. Reactions of a-haloketones with allylsamarium bromide.

Entry R1 R2 X Yields[a] [%] Z/E[b,c]

1 C6H5 C6H5 Cl 83 3.4:1
2 C6H5 C6H5 Br 80 5.3:1
3 4-FC6H4 H Br 97 –
4 4-ClC6H4 H Br 91 –
5 4-ClC6H4 H Cl 70 –
6 C6H5 H Br 95 –
7 2-Naphthyl H Br 95 –
8 4-CH3C6H4 H Br 83 –
9 4-CH3OC6H4 H Br 40 –

10 C6H5 CH3 Br 90 4.9:1
11 C6H5 CH3 Cl 85 3.4:1
l2 4-CH3C6H4 CH3 Cl 60 4.2:1
13 4-CH3OC6H4 CH3 Cl 35 6.0:1
14 4-ClC6H4 CH3 Cl 75 4.0:1
15 4-BrC6H4 CH3 Cl 60 3.6:1

[a] Isolated yields based on a-haloketones. [b] The stereochemistry of the
C=C bond of the 1,4-dienes was assigned based on the literature.[13]

[c] The ratio Z/E was obtained from 1H NMR spectroscopy.

Scheme 3. The reaction of allylsamarium bromide with an aliphatic a-hal-
oketone.

Scheme 4. Plausible mechanisms for the reaction of a-haloketones with
allylsamarium bromide.
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yl, then the bromine atom, acting as a ligand, coordinates
with another equivalent of allylsamarium bromide followed
by trans elimination leading to the E isomer. In contrast, in
path b, allyl anion attacks from the front of the plain. As a
result, the Z isomer was obtained. Because of the hindrance
from the bulk and electron-repelling effect of the halogen
atom, the allyl anion attacks the carbonyl from the side of
R2 group. So the reaction that followed the path b leads to
Z alkenes.

Because of the Schlenk equilibrium[14] (Scheme 6) in allyl-
samarium bromide solution, it is possible that samarium di-
bromide could be the actual SET reagent. Therefore, we re-
placed the second molecular allylsamarium bromide by sa-
marium dibromide to check this possibility. We carried out
the reaction shown in Scheme 7. The ratio of 2-bromo-1-

(naphthalen-6-yl)ethanone, allylsamarium bromide and sa-
marium dibromide was 1:1:1. Evidently, the yield of desired
product decreased seriously. This means that the second
equivalent of allylsamarium bromide could not be replaced
by samarium dibromide to facilitate the elimination step. Sa-

marium diiodide was also checked in the reaction. Similarly,
it did not facilitate the elimination step, but resulted in
some side reactions, which was reflected from the poor yield
(Scheme 8).

When the second equivalent of allylsamarium bromide
was replaced by Sm powder, we obtained successfully the
expected product in good yields (Table 3, entries 3 and 6),

but compared to the corresponding reaction without Sm
powder (Table 3, entries 2 and 5), the yields were lower.
This indicates that Sm powder can replace the second equiv-
alent of allylsamarium bromide as an electron transfer re-
agent to some extent. Unfortunately, the loading of samari-
um powder also leads to some undesired reactions resulting
in lower yields (Scheme 9, Table 3).

Moreover, we were pleased to find that the reaction was
successfully extended to a-haloesters, which proved that the
allylsamarium bromide was a SET reagent too. Firstly, we in-
vestigated the ratio of a-haloester to allylsamarium bromide
(Table 4), which showed that the best ratio was 1:3. We next
investigated the effect of temperature on the reaction yields
of products. The results (Table 4, entries 6–8) showed clearly
that the yields were improved remarkably under refluxing
conditions.

Scheme 5. The two attacking pathways decide the stereochemistry of the
terminal products.

Scheme 6. The Schlenk equilibrium[14] in allylsamarium bromide solution.

Scheme 7. The reaction of 2-bromo-1-(naphthalen-2-yl)ethanone with al-
lylsamarium bromide and samarium dibromide.

Scheme 8. The reaction of 2-bromo-1-(naphthalen-2-yl)ethanone with al-
lylsamarium bromide and samarium diiodide.

Table 3. Reactions of a-haloketones with allylsamarium bromide and Sm
powder in different ratios.

Entry Substrate Ratio Yields[a] [%]

1 1:1:0 45
2 1:2:0 95
3 1:1:0.5 80

4 1:1:0 43
5 1:2:0 95
6 1:1:0.5 65

[a] Isolated yields based on a-haloketones.

Scheme 9. The reaction of 2-bromo-1-(naphthalen-2-yl)ethanone with al-
lylsamarium bromide and samarium powder.
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With the optimised reaction conditions, a variety of aro-
matic a-haloesters were prepared and treated with allylsa-
marium bromide. The results in Table 5 show that aromatic
a-haloesters bearing a 4-chloro group on the aromatic ring
give higher yields (7 b, 7 c). To broaden the scope further,
the reaction of allylsamarium bromide with aliphatic a-hal-
oesters was also investigated, and the corresponding prod-
ucts were obtained successfully in moderate yields. Com-
pared with the aromatic a-haloesters, the aliphatic a-hal-
oesters did not have much higher activity; for instance,
when they were treated with allylsamarium bromide at am-
bient temperature, the products (Table 5, 7 e–h) were not
detected at all. When the reactions were run at reflux tem-
perature, the corresponding products were obtained in mod-
erate yields.

Based on the preceding section, we discuss the reaction of
allylsamarium with g-halo-a,b-unsaturated ketone. The ex-
perimental results summarised in Scheme 10 show the po-
tential synthetic utility of the new route to disubstituted al-
kenes. One sample of 9 was obtained in good yield and ste-
reochemistry (9 as Z/E configuration in a ratio of 10:1).

It is worth mentioning that the use of g-halo-a,b-unsatu-
rated esters as the substrates can also react with the allylsa-
marium bromide to give trienes (Table 6, 11 a–k), which
proved that the allylsamarium bromide was a SET reagent

too. Treatment of 10 with exactly three equivalents of allyl-
samarium bromide followed by quenching with 1n HCl
cleanly provided 11 in good yields, but the substrates bear-
ing electron-withdrawing groups on the aromatic ring
showed higher yields. It should be emphasised here that the
corresponding triene 11 k was obtained with good control of
stereochemistry (11 k as E configuration, see the 1H and
13C NMR spectra in the Supporting Information).

A possible mechanism for the reaction of haloesters with
allylsamarium bromide is proposed in Scheme 11. Firstly,
ester A undergoes allylation leading to the intermediate B,
which converts to the compound C. Allylation of C with an-
other allylsamarium bromide affords the intermediate D (its
protonation-product G was separated), which undergoes a
sequential SET process to afford the desired product F. At
the same time, the intermediate G can also be converted to
the target product by using two equivalents of allylsamarium
bromide, which has been proved by experimentation.

Conclusion

In summary, we found allylsamarium bromide is not only a
nucleophilic reagent but also a SET reagent that is efficient-
ly applied to the synthesis of 1,4-dienes and trienes bz using
a-halo, g-halo-a,b-unsaturated ketones and esters as sub-
strates. It is a new way and a general, efficient and experi-

Table 4. Comparison of the effect of ratio and temperature in the reac-
tion of ethyl 2-bromo-2-phenylacetate and the allylsamarium bromide.[a]

Entry Ratios [substrate/
allylsamarium bromide]

T [oC] t [h] Yield[b] [%]

1 1:2 25 0.5 28
2 1:2.5 25 0.5 43
3 1:3 25 0.5 65
4 1:4 25 0.5 67
5 1:5 25 0.5 70
6 1:3 0 6 60
7 1:3 25 0.5 65
8 1:3 70 1 87

[a] All reaction were performed under a N2 atmosphere. [b] Overall iso-
lated yields after silica gel chromatography.

Table 5. Reactions of a-haloesters with allylsamarium bromide.

[a] Diethyl 2,3-dibromosuccinate as the substrate. [b] a-Bromo-g-butyro-
lactone as the substrate.

Scheme 10. Reactions of g-halo-a,b-unsaturated ketones with allylsamari-
um bromide.

Table 6. Reactions of g-halo-a,b-unsaturated esters with allylsamarium
bromide.

[a] Whether it is a Z or E configuration cannot be determined. [b] Z/E
Configuration in a ratio of 1:6.4.
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mentally simple one-pot method for preparation of 1,4-
dienes and trienes. Further investigation of the application
of allylsamarium bromide demonstrated in this paper is in
progress.

Experimental Section

General : THF was distilled from sodium benzophenone immediately
prior to use. All reactions were conducted under a N2 atmosphere. Metal-
lic Sm and all solvents were purchased from commercial sources and
were used without further purification. Flash column chromatography
was carried out on Merck silica gel (300–400 mesh). 1H and 13C NMR
spectra were recorded on a Varian Mercury 400 MHz spectrometer as
solutions in CDCl3. Chemical shifts in 1H NMR spectra are reported in
parts per million downfield from the internal standard Me4Si (TMS).
Chemical shifts in 13C NMR spectra are reported relative to the central
line of the chloroform signal (d=77.50 ppm). High-resolution mass spec-
tra were obtained with a GCT-TOF instrument.

Materials : All reactions were carried out under an atmosphere of N2.
The starting materials were prepared by published methods.[15] The other
chemicals were purchased from the Aldrich or Acros chemical companies
and were used without further purification. Petroleum ether (PE) that
was used refers to the 30–60 8C boiling point fraction of petroleum.

General procedure for the synthesis of 1,2-diphenylethanone : Allyl bro-
mide (2.1 mmol) and Sm (2.0 mmol) were suspended in dry THF
(10 mL) under a N2 atmosphere at RT. The mixture was stirred for about
5 min, and a purple colour formed. The stirring was continued until the
Sm powder disappeared (1 h), after which time the resulting purple
colour slurry of allylsamarium bromide formed was cooled to �78 8C and
treated with a solution of the 2-bromo-1,2-diphenylethanone substrate
(1.0 mmol) in MeOH (0.03 mL) and THF (2 mL). The resultant yellow
mixture was stirred for 8 h at �78 8C, warmed to RT and then was
quenched with dil aq HCl. The resulting mixture was extracted with
Et2O (3 � 10 mL), the Et2O solution was washed with sat. NaCl (3 �
10 mL), and dried over anhyd MgSO4. The solvent was removed by evap-
oration under reduced pressure. Purification by column chromatography
on silica gel afforded 1,2-diphenylethanone.

General procedure for the synthesis of 1,4-dienes : Allyl bromide
(2.1 mmol) and Sm (2.0 mmol) were suspended in dry THF (10 mL)

under a N2 atmosphere at RT. The
mixture was stirred for about 5 min,
and a purple colour formed. The stir-
ring was continued until the Sm
powder disappeared (1 h). Then the
solution of substrates (a-haloketones)
was added dropwise (the reaction was
monitored by TLC). The mixture was
stirred for 20–30 min and then was
quenched with dil aq HCl. The result-
ing mixture was extracted with Et2O
(3 � 10 mL), the Et2O solution was
washed with sat. NaCl (3 � 10 mL),
and dried over anhyd MgSO4. The sol-
vent was removed by evaporation
under reduced pressure. Purification
by column chromatography on silica
gel afforded 1,4-dienes (300–400 mesh,
petroleum ether 30–60 8C as eluent).

General procedure for the synthesis of
trienes : Allyl bromide (3.1 mmol) and
Sm (3.0 mmol) were suspended in dry
THF (10 mL) under a N2 atmosphere
at RT. The mixture was stirred for
about 5 min, and a purple colour
formed. The stirring was continued
until the Sm powder disappeared
(1 h). Then the solution of substrates

(a-halo or g-halo-a,b-unsaturated esters) was added dropwise, and the re-
action was monitored by TLC. The mixture was stirred for 20–30 min
and then was quenched with dil aq HCl. The resulting mixture was ex-
tracted with Et2O (3 � 10 mL), the Et2O solution was washed with sat.
NaCl (3 � 10 mL), and dried over anhyd MgSO4. The solvent was re-
moved by evaporation under reduced pressure. Purification by column
chromatography on silica gel afforded trienes (300–400 mesh, petroleum
ether 30–60 8C as eluent).

General procedure for the reaction of 2-bromo-1-(naphthalen-6-yl)etha-
none with allysamarium bromide and samarium dibromide :[16] 2-Bromo-
1-(naphthalen-6-yl)ethanone (1 mmol) was added dropwise into the mix-
ture of prepared allyl samarium bromide (1 mmol) and SmBr2 (1 mmol)
under a N2 atmosphere at RT. A similar procedure was adopted for the
reaction 2-bromo-1-(naphthalen-6-yl)ethanone, allylsamarium bromide
and SmI2. The work-up was similar to the procedure for the synthesis of
1,4-dienes.

General procedure for the reaction of a-haloketones with allysamarium
bromide and Sm powder : Allyl bromide (1 mmol) and Sm (1.5 mmol)
were suspended in dry THF (10 mL) under a N2 atmosphere at RT. The
mixture was stirred for about 5 min, and a purple colour formed. The stir-
ring was continued about 1 h. Then the solution of substrate (1.0 mmol)
was added dropwise. The work-up was similar to the procedure for the
synthesis of 1,4-dienes.ACHTUNGTRENNUNG(Z,E)-1,2-Diphenyl-1,4-pentadiene (3 a, b): Compounds 3a,b were ob-
tained according to the general procedure. Colourless oil; yield: 83%
(3a) and 80% (3b); Rf =0.82 (PE); 1H NMR (400 MHz, CDCl3): d =3.23
(d, 3JH,H =6.0 Hz, 2H; CH2CH=CH2; Z isomer), 3.48 (d, 3JH,H =5.62 Hz,
2H; CH2CH=CH2; E isomer), 5.06–5.15 (m, 2H; CH2=CH), 5.85–5.94
(m, 1 H; CH=CH2), 6.45 (s, 1 H; CHAr; Z isomer), 6.94–7.53 ppm (m,
10H; Ar); 13C NMR (100 MHz, CDCl3): d=35.07 (CHCH=CH2; E
isomer), 45.17 (CHCH=CH2; Z isomer), 117.15, 116.87 (2 � CH2=CH),
126.73, 126.95, 127.32, 127.44, 127.48, 127.77, 128.30, 128.74, 128.83,
128.93, 129.03, 129.19, 129.50, 129.93, 136.31, 136.45, 137.76, 138.29,
141.64, 141.67 ppm (16 � CAr, 4� Calkene); HRMS (EI+): m/z calcd for
C17H16 : 220.1252 [M]+ ; found: 220.1255.

2-(4-Fluorophenyl)-1,4-pentadiene (3 c): Compound 3 c was obtained ac-
cording to the general procedure. Colourless oil; yield: 97%; Rf =0.95
(PE); 1H NMR (400 MHz, CDCl3): d=3.22 (d, 3JH,H = 6.4 Hz, 2 H;
CH2CH), 5.03–5.13 (m, 3 H; CH2a=C, CH2=CH), 5.34 (s, 1H; CH2b=C),
5.83–5.93 (m, 1H; CH=CH2), 6.98–7.03 (m, 2H; Ar), 7.38–7.42 ppm (m,

Scheme 11. A possible mechanism about the reactions of haloesters with allylsamarium bromide.
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2H; Ar); 13C NMR (100 MHz, CDCl3): d=40.10 (CH2CH), 113.60,
117.12 136.45, 145.71 (4 � Calkene), 115.53 (4JC,F =21.3 Hz), 128.06 (3JC,F =

7.7 Hz), 137.38 (2JC,F =3.3 Hz), 162.73 ppm (1JC,F =244.9 Hz, 4� CAr);
HRMS (EI+): m/z calcd for C11H11F: 162.0845 [M]+ ; found: 162.0839.

2-(4-Chlorophenyl)-1,4-pentadiene (3 d,e): Compounds 3 d,e were ob-
tained according to the general procedure. Colourless oil; yield: 91%
(3d) and 70% (3e); Rf =0.90 (PE); 1H NMR (400 MHz, CDCl3): d =3.22
(d, 3JH,H =6.4 Hz, 2H; CH2CH), 5.06–5.13 (m, 3H; CH2a=C, CH2=CH),
5.38 (s, 1 H; CH2b=C), 5.82–5.92 (m, 1H; CH=CH2), 7.27–7.37 ppm (m,
4H; Ar); 13C NMR (100 MHz, CDCl3): d=39.88 (CH2CH), 114.23 (CH2=

C), 117.22 (CH2=CH), 127.79, 128.86, 133.67, 136.30, 139.73, 145.60 ppm
(4 � CAr, 2 � Calkene); HRMS (EI+): m/z calcd for C11H11

35Cl: 178.0549
[M]+ ; found: 178.0569.

2-Phenyl-1,4-pentadiene (3 f): Compound 3 f was obtained according to
the general procedure. Colourless oil; yield: 95%; Rf =0.80 (PE);
1H NMR (400 MHz, CDCl3): d=3.25 (d, 3JH,H =6.0 Hz, 2H; CH2CH),
5.05–5.14 (m, 3 H; CH2a=C, CH2=CH), 5.39 (s, 1 H; CH2b=C), 5.86–5.94
(m, 1 H; CH=CH2), 7.24–7.45 ppm (m, 5H; Ar); 13C NMR (100 MHz,
CDCl3): d =39.97 (CH2CH), 113.64 (CH2=C), 116.96 (CH2=CH), 126.45,
127.92, 128.73, 136.66, 141.38, 146.76 ppm (4 � CAr, 2� Calkene); HRMS
(EI+): m/z calcd for C11H12: 144.0939 [M]+ ; found: 144.1009.

2-(2-Naphthyl)-1,4-pentadiene (3 g): Compound 3 g was obtained accord-
ing to the general procedure. Colourless oil; yield: 95%; Rf =0.82 (PE);
1H NMR (400 MHz, CDCl3): d=3.37 (d, 3JH,H =6.4 Hz, 2H; CH2CH),
5.08–5.21 (m, 3 H; CH2a=C, CH2=CH), 5.55 (s, 1 H; CH2b=C), 5.93–5.99
(m, 1 H; CH=CH2), 7.42–7.85 ppm (m, 7H; Ar); 13C NMR (100 MHz,
CDCl3): d =39.97 (CH2CH), 114.21 (CH2=C), 117.06 (CH2=CH), 124.91,
125.15, 126.32, 126.59, 127.98, 128.54, 128.68, 133.24, 133.78, 136.67,
138.50, 146.53 ppm (10 � CAr, 2� Calkene); HRMS (EI+): m/z calcd for
C15H14: 194.1096 [M]+ ; found: 194.1090.

2-(4-Methylphenyl)-1,4-pentadiene (3 h): Compound 3 h was obtained ac-
cording to the general procedure. Colourless oil; yield: 83%; Rf =0.80
(PE); 1H NMR (400 MHz, CDCl3): d=2.34 (s, 3 H; CH3), 3.24 (d, 3JH,H

=6.4 Hz, 2H; CH2CH), 5.05–5.13 (m, 3H; CH2a=C, CH2=CH), 5.36 (s,
1H; CH2b=C), 5.85–5.95 (m, 1H, CH=CH2), 7.12–7.14 (m, 2H; Ar), 7.33–
7.35 ppm (m, 2H; Ar); 13C NMR (100 MHz, CDCl3): d=21.58 (CH3),
39.98 (CH2CH), 112.82 (CH2=C), 116.85 (CH2=CH), 126.31, 129.42,
136.78, 137.68, 138.39, 146.53 ppm (4 � CAr, 2� Calkene); HRMS (EI+): m/z
calcd for C12H14: 158.1096 [M]+ ; found: 158.1103.

2-(4-Methoxyphenyl)-1,4-pentadiene (3 i): Compound 3 i was obtained ac-
cording to the general procedure. Colourless oil; yield: 40%; Rf =0.91
(PE); 1H NMR (400 MHz, CDCl3): d=3.23 (d, 3JH,H =6 Hz, 2 H;
CH2CH), 3.81 (s, 3H; OCH3), 5.01–5.13 (m, 3H; CH2a=C, CH2=CH),
5.32 (s, 1H; CH2b=C), 5.85–5.95 (m, 1 H, CH=CH2), 6.86 (d, 3JH,H

=8.8 Hz, 2 H; Ar), 7.39 ppm (d, 3JH,H =8.8 Hz, 2H; Ar); 13C NMR
(100 MHz, CDCl3): d =40.07 (CH2CH), 55.74 (OCH3), 112.00 (CH2=C),
114.06 (CH2=CH), 116.82, 127.56, 133.78, 136.87, 146.02, 159.53 ppm (4 �
CAr, 2� Calkene); HRMS (EI+): m/z calcd for C12H14O: 174.1045 [M]+ ;
found: 174.1037.ACHTUNGTRENNUNG(Z,E)-2-Phenyl-1-methyl-1,4-pentadiene (3 j,k): Compounds 3j,k were
obtained according to the general procedure. Colourless oil; yield: 90 %
(3j) and 85% (3 k); Rf =0.81 (PE); 1H NMR (400 MHz, CDCl3): d =1.59
(d, 3JH,H =6.8 Hz, 3H; CH3; E isomer), 1.79 (d, 3JH,H =6.8 Hz, 3 H; CH3;
Z isomer), 3.08 (d, 3JH,H =6.4 Hz, 2 H; CH2CH=CH2; E isomer), 3.26 (d,
3JH,H = 5.6 Hz, 2H; CH2CH=CH2; Z isomer), 4.96–5.09 (m, 2H; CH2=

CH), 5.54–5.60 (m, 1H; CHCH3; E isomer), 5.79–5.96 (m, 2H; CHCH3,
CH=CH2), 7.16–7.37 ppm (m, 7H; Ar); 13C NMR (100 MHz, CDCl3): d=

14.72 (CH3; Z isomer), 15.26 (CH3; E isomer), 34.57 (CH2CH; Z isomer),
43.82 (CH2CH; E isomer), 115.61, 116.28, 122.72, 124.77, 126.43, 126.92,
126.96, 128.46, 128.63, 128.97, 136.14, 137.13, 138.02, 143.60 ppm (8 � CAr,
6� Calkene); HRMS (EI+): m/z calcd for C12H14: 158.1096 [M]+ ; found:
158.1100.ACHTUNGTRENNUNG(Z,E)-2-(4-Methylphenyl)-1-methyl-1,4-pentadiene (3 l): Compound 3 l
was obtained according to the general procedure. Colourless oil; yield:
60%; Rf =0.95 (PE); 1H NMR (400 MHz, CDCl3): d=1.60 (d, 3JH,H

=6.8 Hz, 3H; CHCH3 ; E isomer), 1.78 (d, 3JH,H =7.2 Hz, 3H; CHCH3 ; Z
isomer), 2.32 (s, 3H; ArCH3; Z isomer), 2.34 (s, 3H; ArCH3; E isomer),
3.07 (d, 3JH,H =6.8 Hz, 2H; CHCH2 ; E isomer), 3.24 (d, 3JH,H =6.8 Hz,

2H; CHCH2 ; Z isomer), 4.97–5.09 (m, 2 H; CH=CH2), 5.52–5.57 (m, 1 H;
C=CH ; E isomer), 5.81–5.93 (m, 2H; C=CH, CH2=CH), 7.06–7.27 ppm
(m, 5H; Ar); 13C NMR (100 MHz, CDCl3): d =14.65 (CHCH3; Z
isomer), 15.29 (CHCH3; E isomer), 21.51 (ArCH3; Z isomer), 21.65
(ArCH3; E isomer), 34.53 (CH2CH; Z isomer), 43.86 (CH2CH; E
isomer), 115.55, 116.18, 122.45, 123.91, 126.29, 128.84, 129.17, 129.34,
136.23, 136.58, 137.27, 137.81, 140.65 ppm (7 � CAr, 6� Calkene); HRMS
(EI+): m/z calcd for C13H16: 172.1252 [M]+ ; found: 172.1249.ACHTUNGTRENNUNG(Z,E)-2-(4-Methoxyphenyl)-1-methyl-1,4-pentadiene (3 m): Compound
3m was obtained according to the general procedure. Colourless oil;
yield: 35%; Rf =0.85 (PE); 1H NMR (400 MHz, CDCl3): d=1.60 (d, 3JH,H

=6.8 Hz, 3H; CHCH3 ; E isomer), 1.77 (d, 3JH,H =6.8 Hz, 3H; CHCH3 ; Z
isomer), 3.06 (d, 3JH,H =5.6 Hz, 2 H; CHCH2 ; E isomer), 3.23 (d, 3JH,H

=4.8 Hz, 2H; CHCH2 ; Z isomer), 3.80 (s, 3H, OCH3; Z isomer), 3.81 (s,
3H; OCH3; E isomer), 4.96–5.09 (m, 2H; CH=CH2), 5.51–5.56 (m, 1H;
C=CH ; E isomer), 5.76–5.86 (m, 2H; C=CH, CH2=CH), 6.82–7.31 ppm
(m, 4H; Ar); 13C NMR (100 MHz, CDCl3): d =14.62 (CHCH3; Z
isomer), 15.30 (CHCH3; E isomer), 34.59 (CH2CH; Z isomer), 43.93
(CH2CH; E isomer), 55.65 (OCH3, E isomer), 55.71 (OCH3, Z isomer),
113.83, 113.98, 155.55, 116.15, 122.35, 123.13, 127.45, 130.04, 136.26,
137.41, 158.82 ppm (6 � CAr, 6 � Calkene); HRMS (EI+): m/z calcd for
C13H16O: 188.1201 [M]+ ; found: 188.1194.ACHTUNGTRENNUNG(Z,E)-2-(4-Chlorophenyl)-1-methyl-1,4-pentadiene (3 n): Compound 3n
was obtained according to the general procedure. Colourless oil; yield:
75%; Rf =0.78 (PE); 1H NMR (400 MHz, CDCl3): d=1.58 (d, 3JH,H

=6.8 Hz, 3H; CHCH3 ; E isomer), 1.79 (d, 3JH,H =7.2 Hz, 3H; CHCH3 ; Z
isomer), 3.05 (d, 3JH,H =6.4 Hz, 2 H; CHCH2 ; E isomer), 3.22 (d, 3JH,H

=6.4 Hz, 2H; CHCH2 ; Z isomer), 4.97–5.07 (m, 2H; CH=CH2), 5.56–
5.61 (m, 1H; C=CH ; E isomer), 5.71–5.87 (m, 1H; CH2=CH), 5.90–5.95
(m, 1 H; C=CH; Z isomer), 7.09–7.31 ppm (m, 4 H; Ar); 13C NMR
(100 MHz, CDCl3): d=14.72 (CHCH3; Z isomer), 15.24 (CHCH3; E
isomer), 34.41 (CH2CH; Z isomer), 43.70 (CH2CH; E isomer), 115.85,
116.57, 123.48, 125.33, 127.73, 128.66, 128.70, 128.76, 130.36, 132.63,
135.78, 136.78, 136.99, 139.67, 141.97 ppm (8 � CAr, 7� Calkene); HRMS
(EI+): m/z calcd for C12H13

35Cl: 192.0706 [M]+ ; found: 192.0716.ACHTUNGTRENNUNG(Z,E)-2-(4-Bromophenyl)-1-methyl-1,4-pentadiene (3 o): Compound 3o
was obtained according to the general procedure. Colourless oil; yield:
60%; Rf =0.81 (PE); 1H NMR (400 MHz, CDCl3): d=1.57 (d, 3JH,H

=6.0 Hz, 3H; CHCH3 ; E isomer), 1.78 (d, 3JH,H =7.2 Hz, 3H; CHCH3 ; Z
isomer), 3.04 (d, 3JH,H =6.0 Hz, 2 H; CHCH2 ; E isomer), 3.22 (d, 3JH,H

=5.2 Hz, 2H; CHCH2 ; Z isomer), 4.97–5.07 (m, 2H; CH=CH2), 5.56–
5.61 (m, 1H; C=CH ; E isomer), 5.71–5.86 (m, 1H; CH2=CH), 5.90–5.95
(m, 1H, C=CH; Z isomer), 7.03–7.46 ppm (m, 4H; Ar); 13C NMR
(100 MHz, CDCl3): d=14.74 (CHCH3; Z isomer), 15.25 (CHCH3; E
isomer), 34.36 (CH2CH; Z isomer), 43.64 (CH2CH; E isomer), 115.88,
116.61, 120.77, 123.51, 125.44, 128.12, 130.74, 131.62, 131.66, 135.77,
136.76, 137.03, 142.44 ppm (7 � CAr, 6 � Calkene); HRMS (EI+): m/z calcd
for C12H13

81Br: 238.0180 [M]+ ; found: 238.0190; m/z calcd for C12H13
79Br:

236.0201 [M]+ ; found: 236.0207.

1-Allylcyclohex-1-ene (5): Compound 5 was obtained according to the
general procedure. Colourless oil; yield: 50%; Rf =0.92 (PE); 1H NMR
(400 MHz, CDCl3): d= 1.54–1.64 (m, 4H; CH2aCH2b), 1.92–2.00 (m, 4H;
CH2cCH2d), 2.66 (d, 3JH,H =6.4 Hz, 2H; CH2CH), 4.98–5.04 (m, 2 H; CH=

CH2), 5.43 (m, 1 H; CH=C), 5.75–5.85 ppm (m, 1H; CH=CH2); 13C NMR
(100 MHz, CDCl3): d =22.96, 23.44, 25.77, 25.81 (4 � CH2), 43.03
(CH2CH), 115.92, 122.35, 136.79, 137.46 ppm (4 � Calkene); HRMS (EI+):
m/z calcd for C9H14: 122.1096 [M]+ ; found: 122.1090.

(2-Allylpenta-1,4-dienyl)benzene (7 a): Compound 7a was obtained ac-
cording to the general procedure. Colourless oil; yield: 90%; Rf =0.82
(PE); 1H NMR (400 MHz, CDCl3): d =2.90–2.99 (m, 4 H; 2� CH2CH),
5.08–5.14 (m, 4 H; 2� CH=CH2), 5.81–5.94 (m, 2 H; 2� CH=CH2), 6.40 (s,
1H; CH=C), 7.17–7.33 ppm (m, 5H; Ar); 13C NMR (100 MHz, CDCl3):
d=35.83, 41.98 (2 � CH2CH), 116.64, 117.06, 126.77, 127.77, 128.58,
128.93, 136.38, 136.81, 138.43, 139.13 ppm (4 � CAr, 6� Calkene); HRMS
(EI+): m/z calcd for C14H16: 184.1252 [M]+ ; found: 184.1256.

1-(2-Allylpenta-1,4-dienyl)-4-chlorobenzene (7 b): Compound 7b was ob-
tained according to the general procedure. Colourless oil; yield: 93%;
Rf = 0.84 (PE); 1H NMR (400 MHz, CDCl3): d= 2.89–2.95 (m, 4 H; 2�
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CH2CH), 5.07–5.14 (m, 4H; 2 � CH=CH2), 5.80–5.91 (m, 2 H; 2� CH=

CH2), 6.34 (s, 1 H; CH=C), 7.14–7.27 ppm (m, 4 H; Ar); 13C NMR
(100 MHz, CDCl3): d=35.78, 42.00 (2 � CH2CH), 116.79, 117.29, 126.61,
128.71, 130.21, 132.48, 136.00, 136.50, 136.82, 139.95 ppm (4 � CAr, 6�
Calkene); HRMS (EI+): m/z calcd for C14H15

35Cl: 218.0862 [M]+ ; found:
218.0859; C14H15

37Cl: 220.0833 [M]+ ; found: 220.0856.

1-(2-Allylpenta-1,4-dienyl)-4-methylbenzene (7 c): Compound 7 c was ob-
tained according to the general procedure. Colourless oil; yield: 61%;
Rf = 0.95 (PE); 1H NMR (400 MHz, CDCl3): d =2.33 (s, 3 H; CH3), 2.89–
2.99 (m, 4H; 2� CH2CH), 5.08–5.12 (m, 4H; 2� CH=CH2), 5.82–5.92 (m,
2H; 2�CH=CH2), 6.37 (s, 1 H; CH=C), 7.10–7.15 ppm (m, 4H; Ar);
13C NMR (100 MHz, CDCl3): d= 21.62 (CH3), 35.84, 42.03 (2 � CH2CH),
116.55, 116.96, 127.62, 128.83, 129.29, 135.51, 136.38, 136.45, 136.92,
138.41 ppm (4 � CAr, 6� Calkene); HRMS (EI+): m/z calcd for C15H18:
198.1409 [M]+ ; found: 198.1418.

(3-Allylhexa-2,5-dienyl)benzene (7 d): Compound 7 d was obtained ac-
cording to the general procedure. Colourless oil; yield: 69%; Rf =0.75
(PE); 1H NMR (400 MHz, CDCl3): d=2.77–2.89 (m, 4H; 2 � CH2CH=

CH2), 3.38 (d, 3JH,H =7.2 Hz, 2 H; CH2CH=C); 5.01–5.09 (m, 4H; 2�
CH=CH2), 5.44 (t, 3JH,H =7.2 Hz, 1 H; CH=C), 5.72–5.84 (m, 2H; 2�
CH=CH2), 7.16–7.28 ppm (m, 5H; Ar); 13C NMR (100 MHz, CDCl3): d=

34.57, 35.09 (2 � CH2CH=CH2), 41.85 (ArCH), 116.02, 116.56, 126.04,
126.28, 128.82, 128.83, 136.20, 136.63, 137.15, 141.73 ppm (4 � CAr, 6�
Calkene); HRMS (EI+): m/z calcd for C15H18: 198.1409 [M]+ ; found:
198.1414.

Hepta-1,6-dien-4-ylidenecyclohexane (7 e): Compound 7e was obtained
according to the general procedure. Colourless oil; yield: 51%; Rf =0.83
(PE); 1H NMR (400 MHz, CDCl3): d=1.51–1.57 (m, 6H; CH2CH2CH2),
2.15 (t, 3JH,H =6.0 Hz, 4 H; CH2CCH2), 2.77 (d, 3JH,H =5.6 Hz, 4 H; 2�
CH2CH), 4.94–5.01 (m, 4 H; 2 � CH=CH2), 5.69–5.79 ppm (m, 2H; 2�
CH=CH2); 13C NMR (100 MHz, CDCl3): d=27.38, 28.83, 31.08 (2 � CH2),
36.62 (CH2CH), 114.91, 124.18, 136.73, 137.48 ppm (4 � Calkene); HRMS
(EI+): m/z calcd for C13H20: 176.1565 [M]+ ; found: 176.1557.

4-Allylundeca-1,4-diene (7 f): Compound 7 f was obtained according to
the general procedure. Colourless oil; yield: 70%; Rf =0.85 (PE);
1H NMR (400 MHz, CDCl3): d=0.88 (t, 3JH,H =7.2 Hz, 3H; CH3), 1.27–
1.33 (m, 8H; CH2CH2CH2CH2OH), 1.98–2.03 (m, 2H; CH2CH=C), 2.71–
2.78 (m, 4H; 2 � CH2CH=CH2), 4.97–5.04 (m, 4 H; 2� CH=CH2), 5.24 (t,
3JH,H =7.2 Hz, 1H; CH=C), 5.68–5.82 ppm (m, 2 H; 2 � CH=CH2);
13C NMR (100 MHz, CDCl3): d=14.59 (CH3), 23.16, 28.37, 29.57, 30.38,
32.30 (CH2 CH2CH2CH2CH2), 35.07, 41.83 (2 � CH2CH=CH2), 115.61,
116.18, 127.86, 135.38, 136.66, 137.59 ppm (6 � Calkene); HRMS (EI+): m/z
calcd for C14H24: 192.1878 [M]+ ; found: 192.1867.

4,7-Diallyldeca-1,4,6,9-tetraene (7 g): Compound 7g was obtained accord-
ing to the general procedure. Colourless oil; yield: 57%; Rf =0.80 (PE);
1H NMR (400 MHz, CDCl3): d=2.81–2.92 (m, 8H; 4� CH2CH=CH2),
5.00–5.06 (m, 8H; 4� CH=CH2), 5.70–5.84 (m, 4H; 4 � CH=CH2),
6.11 ppm (s, 2H; CHCH); 13C NMR (100 MHz, CDCl3): d=35.47, 42.35
(2 � CH2CH), 116.11, 116.82, 122.64, 136.22, 136.89, 137.80 ppm (6 �
Calkene); HRMS (EI+): m/z calcd for C16H22: 173.1331 [M�C3H5]

+ ; found:
173.1300.

4-Allylhepta-3,6-dien-1-ol (7 h): Compound 7h was obtained according to
the general procedure. Yellow oil; yield: 42%; Rf =0.33 ( PE/EtOAc
5:1); 1H NMR (400 MHz, CDCl3): d =1.84 (br s, 1H; OH); 2.30–2.35 (m,
2H; CH2CH=C), 2.76–2.82 (m, 4 H; 2 � CH2CH=CH2), 3.62–3.65 (t, 3JH,H

=6.4 Hz, 2H; CH2OH), 5.00–5.66 (m, 4H; 2� CH=CH2), 5.26 (t, 3JH,H

=7.2 Hz, 1 H; CH=C), 5.73–5.81 ppm (m, 2 H; 2� CH=CH2); 13C NMR
(100 MHz, CDCl3): d= 31.86 (CH2CH2OH), 35.13 (CaH2CH=CH2), 41.86
(CbH2CH=CH2), 62.85 (CH2OH), 115.95, 116.65, 122.87, 136.28, 137.03,
139.12 ppm (6 � Calkene); HRMS (EI+): m/z calcd for C10H16: 152.1501
[M]+ ; found: 152.1512.ACHTUNGTRENNUNG(Z,E)-Hepta-1,3,6-triene-2,4-diyldibenzene (9): Compound 9 was ob-
tained according to the general procedure. Colourless oil; yield: 73%;
Rf = 0.86 (PE); 1H NMR (400 MHz, CDCl3): d= 3.15 (d, 3JH,H =6.4 Hz,
2H; CH2CH; Z isomer). 3.34 (d, 3JH,H =4.8 Hz, 2H; CH2CH; E isomer),
4.80 (s, 1H; CH2a=C), 4.96–5.04 (m, 2H; CH2=CH), 5.20 (s, 1 H; CH2b=

C), 5.76–5.86 (m, 1 H; CH=CH2), 6.15 (s, 1 H; CH=C; Z isomer), 6.50 (s,
1H; CH=C; E isomer), 7.03–7.29 ppm (m, 10H; Ar); 13C NMR

(100 MHz, CDCl3): d=44.13 (CH2CH), 116.91, 117.11, 126.98, 127.12,
127.80, 128.33, 128.55, 128.68, 128.80, 136.43, 141.22, 141.24, 143.26,
145.23 ppm (8 � CAr, 6� Calkene); HRMS (EI+): m/z calcd for C19H18:
246.1409 [M]+ ; found: 246.1418.

(4-Allylhepta-1,3,6-trien-2-yl)benzene (11 a): Compound 11a was ob-
tained according to the general procedure. Colourless oil; yield: 75%;
Rf = 0.87 (PE); 1H NMR (400 MHz, CDCl3): d= 2.89 (d, 3JH,H =8.0 Hz,
2H; CH2CH), 2.92 (d, 3JH,H =8.0 Hz, 2H; CH2CH), 5.00–5.14 (m, 5H;
2� CH2=CH, CH2a=C), 5.52 (s, 1 H; CH2b=C), 5.71–5.92 (m, 2 H; 2� CH=

CH2), 6.05 (s, 1H; CH=C), 7.24–7.31 (m, 3 H; Ar), 7.40 ppm (d, 3JH,H

=8.0 Hz, 2H; Ar); 13C NMR (75 MHz, CDCl3): d=36.22, 41.32 (2 �
CH2CH), 114.43, 116.49, 117.02, 126.93, 127.37, 127.99, 128.67, 136.75,
136.83, 140.73, 141.31, 145.12 ppm (4 � CAr, 8� Calkene); HRMS (EI+): m/z
calcd for C16H18: 210.1409 [M]+ ; found: 210.1404.

1-(4-Allylhepta-1,3,6-trien-2-yl)-4-fluorobenzene (11 b): Compound 11b
was obtained according to the general procedure. Colourless oil; yield:
92%; Rf =0.92 (PE); 1H NMR (400 MHz, CDCl3): d=2.90 (t, 3JH,H

=8.0 Hz, 4H; 2 � CH2CH), 5.00–5.12 (m, 5 H; 2� CH2=CH, CH2a=C),
5.46 (s, 1 H; CH2b=C), 5.71–5.92 (m, 2 H; 2� CH=CH2), 6.01 (s, 1H; CH=

C), 6.97–7.02 (m, 2H; Ar), 7.34–7.38 ppm (m, 2H; Ar); 13C NMR
(75 MHz, CDCl3): d =36.24, 41.33 (2 � CH2CH), 114.27 (4JC,F =

9.0 Hz),115.36, 115.64, 116.60, 117.15, 127.18, 128.57 (3JC,F =8.3 Hz),
136.69 (2JC,F =3.7 Hz), 141.08, 144.13, 162.91 ppm (1JC,F =245.3 Hz, 4�
CAr, 7� Calkene); HRMS (EI+): m/z calcd for C16H17F: 228.1314 [M]+ ;
found: 228.1315.

1-(4-Allylhepta-1,3,6-trien-2-yl)-4-chlorobenzene (11 c): Compound 11 c
was obtained according to the general procedure. Colourless oil; yield:
87%; Rf =0.90 (PE); 1H NMR (400 MHz, CDCl3): d=2.89 (d, 3JH,H

=8.0 Hz, 4H; 2 � CH2CH), 5.00–5.15 (m, 5 H; 2� CH2=CH, CH2a=C),
5.50 (s, 1 H; CH2b=C), 5.70–5.91 (m, 2 H; 2� CH=CH2), 6.00 (s, 1H; CH=

C), 7.24–7.33 ppm (m, 4H; Ar); 13C NMR (75 MHz, CDCl3): d=36.26,
41.33 (2 � CH2CH), 114.89,116.64, 117.18, 126.88, 128.26, 128.83, 133.85,
136.62, 139.79, 141.34, 144.09 ppm (4 � CAr, 8� Calkene); HRMS (EI+): m/z
calcd for C16H17

35Cl (M+): 244.1019; found: 244.1020; C16H17
37Cl:

246.0989 [M]+ ; found: 246.0979.

1-(4-Allylhepta-1,3,6-trien-2-yl)-4-bromobenzene (11 d): Compound 11d
was obtained according to the general procedure. Colourless oil; yield:
85%; Rf =0.90 (PE); 1H NMR (400 MHz, CDCl3): d=2.89 (d, 3JH,H

=8.0 Hz, 4H; 2 � CH2CH), 4.99–5.16 (m, 5 H; 2� CH2=CH, CH2a=C),
5.50 (s, 1 H; CH2b=C), 5.70–5.91 (m, 2 H; 2� CH=CH2), 5.99 (s, 1H; CH=

C), 7.26 (d, 3JH,H =8.0 Hz, 2 H; Ar), 7.43 (d, 3JH,H =8.0 Hz, 2 H; Ar);
13C NMR (75 MHz, CDCl3): d=36.25, 41.32 (2 � CH2CH), 114.96, 116.65,
117.20, 122.03, 126.77, 128.59, 131.77, 136.59, 140.23, 141.38, 144.10 ppm
(4 � CAr, 8� Calkene); HRMS (EI+): m/z calcd for C16H17

79Br: 288.0514
[M]+ ; found: 288.0514; m/z calcd for C16H17

81Br: 290.0493 [M]+; found:
290.0515.

1-(4-Allylhepta-1,3,6-trien-2-yl)-2-bromobenzene (11 e): Compound 11 e
was obtained according to the general procedure. Colourless oil; yield:
86%; Rf =0.88 (PE); 1H NMR (400 MHz, CDCl3): d=2.75 (d, 3JH,H

=8.0 Hz, 2H; CH2CH), 2.82 (d, 3JH,H = 8.0 Hz, 2 H; CH2CH), 4.91–5.13
(m, 5H; 2� CH2=CH, CH2a=C), 5.36 (s, 1 H; CH2b=C), 5.61–5.86 (m, 2H;
2� CH=CH2), 6.00 (s, 1 H; CH=C), 7.10–7.56 ppm (m, 4 H; Ar); 13C NMR
(75 MHz, CDCl3): d=35.94, 42.00 (2 � CH2CH), 116.44, 117.04, 119.26,
122.84, 127.35, 127.68, 129.05, 130.98, 133.24, 136.34, 136.65, 139.68,
143.96, 146.51 ppm (6 � CAr, 8 � Calkene); HRMS (EI+): m/z calcd for
C16H17

79Br: 288.0514 [M]+ ; found: 288.0514; C16H17
81Br: 290.0493 [M]+ ;

found: 290.0515.

1-(4-Allylhepta-1,3,6-trien-2-yl)-4-methoxybenzene (11 f): Compound 11 f
was obtained according to the general procedure. Colourless oil; yield:
73%; Rf =0.78 (PE); 1H NMR (400 MHz, CDCl3): d=2.89 (d, 3JH,H

=8.0 Hz, 2 H; CH2CH), 2.93 (d, 3JH,H =8.0 Hz, 2 H; CH2CH), 3.81 (s, 3H;
OCH3), 5.00–5.13 (m, 5H; 2� CH2=CH, CH2a=C), 5.45 (d, 3JH,H =4.0 Hz,
1H; CH2b=C), 5.72–5.93 (m, 2H; 2� CH=CH2), 6.03 (s, 1H; CH=C), 6.86
(d, 3JH,H =12.0 Hz, 2H; Ar), 7.34 ppm (d, 3JH,H =8.0 Hz, 2H; Ar);
13C NMR (75 MHz, CDCl3): d=36.25, 41.30 (2 � CH2CH), 55.77 (OCH3),
112.72, 114.04, 116.47, 117.00, 127.59, 128.07, 133.84, 136.84, 136.98,
140.55, 144.43, 159.68 ppm (4 � CAr, 8 � Calkene); HRMS (EI+): m/z calcd
for C17H20O: 240.1514 [M]+ ; found: 240.1514.
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1-(4-Allylhepta-1,3,6-trien-2-yl)naphthalene (11 g): Compound 11 g was
obtained according to the general procedure. Colourless oil; yield: 87 %;
Rf = 0.85 (PE); 1H NMR (400 MHz, CDCl3): d=2.94 (s, 4 H; 2 � CH2CH),
5.00–5.16 (m, 4H; 2 � CH2=CH), 5.23 (s, 1H; CH2a=C), 5.65 (s, 1H;
CH2b=C), 5.74–5.95 (m, 2H; 2 � CH=CH2), 6.16 (s, 1H; CH=C), 7.40–
7.78 ppm (m, 8H; Ar); 13C NMR (75 MHz, CDCl3): d=36.34, 41.38 (2 �
CH2CH), 114.99, 116.57, 117.09, 125.07, 125.96, 126.32, 126.56, 127.40,
128.01, 128.26, 128.69, 133.36, 133.81, 136.82, 138.58, 140.96, 145.04 ppm
(9 � CAr, 8� Calkene); HRMS (EI+): m/z calcd for C17H20: 260.1565 [M]+ ;
found: 260.1564.

2-(4-Allylhepta-1,3,6-trien-2-yl)thiophene (11 h): Compound 11 h was ob-
tained according to the general procedure. Colourless oil; yield: 83%;
Rf = 0.80 (PE); 1H NMR (400 MHz, CDCl3): d= 2.89 (d, 3JH,H =8.0 Hz,
2H), 2.95 (d, 3JH,H =8.0 Hz, 2H), 5.00–5.12 (m, 5H; 2 � CH2=CH, CH2a=

C), 5.55 (s, 1H; CH2b=C), 5.72–5.92 (m, 2 H; 2� CH=CH2), 6.08 (s, 1 H;
CH=C), 6.95–6.99 (m, 2 H; Ar), 7.18 ppm (d, 3JH,H = 4.8 Hz, 1H; Ar);
13C NMR (75 MHz, CDCl3): d=36.32, 41.05 (2 � CH2CH), 112.74, 116.61,
117.18, 124.95, 125.12, 126.14, 127.84, 136.56, 136.86, 138.66, 141.39,
145.66 ppm (4 � CAr, 8 � Calkene); HRMS (EI+): m/z calcd for C14H16S:
216.0973 [M]+ ; found: 216.0974.

2-(4-Allylhepta-1,3,6-trien-2-yl)furan (11 i): Compound 11 i was obtained
according to the general procedure. Colourless oil; yield: 60%; Rf =0.82
(PE); 1H NMR (400 MHz, CDCl3): d=2.88 (d, 3JH,H = 8.0 Hz, 2 H; CH2=

CH), 2.95 (d, 3JH,H = 8.0 Hz, 2 H; CH2=CH), 5.03–5.13 (m, 5H; 2 � CH2=

CH, CH2a=C), 5.67 (s, 1H; CH2b=C), 5.73–5.91 (m, 2 H; 2 � CH=CH2),
6.00 (s, 1 H; CH=C), 6.23 (d, 3JH,H =3.2 Hz, 1H; Ar), 6.36–6.37 (m, 1 H;
Ar), 7.37 ppm (s, 1 H; Ar); 13C NMR (75 MHz, CDCl3): d=36.35, 41.17
(2 � CH2CH), 107.59, 111.30, 111.65, 116.60, 117.16, 124.07, 134.47, 136.57,
136.84, 141.78, 142.57, 154.70 ppm (4 � CAr, 8� Calkene); HRMS (EI+): m/z
calcd for C14H16O: 200.1201 [M]+ ; found: 200.1200.ACHTUNGTRENNUNG(Z,E)-(4-Allylhepta-1,3,6-triene-1,2-diyl)dibenzene (11 j): Compound 11 j
was obtained according to the general procedure. Colourless oil; yield:
81%; Rf =0.85 (PE); 1H NMR (400 MHz, CDCl3): d=2.86 (d, 3JH,H

=8.0 Hz, 2H; CH2=CH), 2.99 (d, 3JH,H =8.0 Hz, 2H; CH2=CH), 4.98–
5.10 (m, 4 H; 2 � CH2=CH), 5.69–5.89 (m, 2 H; CH2=C), 6.04 (s, 1H; CH=

CCH2), 6.57 (s, 1 H; CH=CCH), 6.95–7.27 ppm (m, 10 H; Ar); 13C NMR
(75 MHz, CDCl3): d=36.13, 42.01 (2 � CH2CH), 116.43, 117.02, 126.97,
127.68, 128.37, 128.94, 129.62, 129.72, 129.80, 130.93, 136.80, 136.84,
137.63, 139.69, 139.89, 140.93 ppm (8 � CAr, 8� Calkene); HRMS (EI+): m/z
calcd for C22H22: 286.1722 [M]+ ; found: 286.1721.ACHTUNGTRENNUNG(Z,E)-4-Allyltrideca-1,4,6-triene (11 k): Compound 11k was obtained ac-
cording to the general procedure. Colourless oil; yield: 85%; Rf =0.86
(PE); 1H NMR (400 MHz, CDCl3): d=0.88 (t, 3JH,H =6.8 Hz, 3H;
CH3CH2), 1.28–1.37 (m, 8H; 4 � CH2), 2.08 (q, 3JH,H = 7.0 Hz, 2H;
CH2CH2CH; E isomer), 2.17 (q, 3JH,H =7.0 Hz, 2H; CH2CH2CH; Z
isomer), 2.77 (d, 3JH,H =7.2 Hz, 2H; CCH2CH), 2.89 (d, 3JH,H =6.0 Hz,
2H), 5.00–5.06 (m, 4 H; 2 � CH2=CH), 5.38–5.44 (m, 1H; CH=CH; Z
isomer),5.61–5.68 (m, 1 H; CH=CH; E isomer), 5.70–5.83 (m, 2H; CH=

CH2), 5.88 (d, 3JH,H =8.0 Hz, 1 H; CH=C), 6.17–6.27 ppm (m, 1H; CH=

CHCH2); 13C NMR (75 MHz, CDCl3): d=14.61, 23.13, 29.40, 29.93, 32.23
(CH3CH2CH2CH2CH2), 33.44 (CH2CH2CH), 35.51, 41.88 (2 � CH2CH),
116.04, 116.73, 126.47, 127.11, 134.68, 136.16, 136.31, 136.88 ppm (8 �
Calkene); HRMS (EI+): m/z calcd for C16H26: 218.2035 [M]+ ; found:
218.2036.

(Z)-4-Allyl-7-bromo-6-phenylhepta-1,5-dien-4-ol (G, R1 =Ph; R2 =H;
X =Br): Compound G was obtained according to the general procedure.
Colourless oil; yield: 86 %; Rf =0.55 (PE/EtOAc 5:1); 1H NMR
(300 MHz, CDCl3): d=2.34 (s, 1 H; OH), 2.39–2.52 (m, 4H; 2� CH2CH),
4.82 (s, 2H; CH2Br), 5.17–5.23 (m, 4H; 2� CH2CH), 5.76 (s, 1 H; CH=C),
5.81–5.95 (m, 2H; 2 � CH=CH2), 7.25–7.42 ppm (m, 5 H; Ar); 13C NMR
(75 MHz, CDCl3): d= 30.66, 46.79 (2 � CH2CH), 46.94 (CH2Br), 75.99
(COH), 120.30, 126.91, 128.24, 128.92, 133.37, 137.63, 137.83, 139.40,
141.90 ppm (4 � CAr, 5 � Calkene); HRMS (EI+): m/z calcd for C16H19

79BrO:
306.0619 [M]+ ; found: 306.0614.

Acknowledgements

We thank the Program for Hi-Tech Research of Jiangsu Science and
Technology Department (BE2008063), Innovation Fund for Small Tech-
nology-based Firms (08C26223201851), Innovator Fund of Suzhou Gov-
ernment (ZXJ0726), Suzhou LAC Co., LTD and Suzhou Chiral Chemis-
try Co., LTD (www.suzhoulac.com) for financial support.

[1] a) K. C. Nicolaou, J. Y. Ramphal, N. A. Petasis, C. N. Serhan,
Angew. Chem. 1991, 103, 1119; Angew. Chem. Int. Ed. Engl. 1991,
30, 1100; b) J. Sandri, J. Viala, J. Org. Chem. 1995, 60, 6627; c) D.
Lucet, T. L. Gall, C. Mioskowski, Angew. Chem. 1998, 110, 2724;
Angew. Chem. Int. Ed. 1998, 37, 2580; d) S. R. S. Saibabu Kotti, C.
Timmons, G. Li, Chem. Biol. Drug Des. 2006, 67, 101; e) R. E.
Martin, F. Diederich, Angew. Chem. 1999, 111, 1440; Angew. Chem.
Int. Ed. 1999, 38, 1350; f) K. L. Rinehart, K. Tachibana, J. Nat. Prod.
1995, 58, 344; g) K. Takao, R. Munakata, K. Tadano, Chem. Rev.
2005, 105, 4779.

[2] Preparation of Alkenes (Ed.: J. M. J. Williams), Oxford University
Press, New York, 1996.

[3] a) J. Boutagy, R. Thomas, Chem. Rev. 1974, 74, 87–99; b) B. E. Mar-
yanoff, A. B. Reitz, Chem. Rev. 1989, 89, 863 –927.

[4] a) T. H. Chan, Acc. Chem. Res. 1977, 10, 442 – 448; b) D. J. Ager,
Synthesis 1984, 384 –398; c) D. J. Ager, Org. React. 1990, 38, 1– 223;
d) M. Julia, J.-H. Paris, Tetrahedron Lett. 1973, 14, 4833 – 4836.

[5] a) B. H. Shoemaker, C. E. Boord, J. Am. Chem. Soc. 1931, 53, 1505;
b) L. E. Schniepp, H. H. Geller, J. Am. Chem. Soc. 1945, 67, 54;
c) A. C. Cope, C. L. Bumgardner, J. Am. Chem. Soc. 1957, 79, 960;
d) M. J. Curry, I. D. R. Stevens, J. Chem. Soc. Perkin Trans. 1 1980,
1756 ; e) K. Shibata, O. Mitsunobu, Bull. Chem. Soc. Jpn. 1992, 65,
3163; f) J. S. Yadav, B. V. S. Reddy, P. M. K. Reddy, M. K. Gupta,
Tetrahedron Lett. 2005, 46, 8411; g) P. H. Lee, Y. Heo, D. Seomoon,
S. Kim, K. Lee, Chem. Commun. (Cambridge) 2005, 1874.

[6] a) H. David, L. L. Gerald, J. Org. Chem. 1984, 49, 4285; b) K. Lee,
J. Lee, P. H. Lee, J. Org. Chem. 2002, 67, 8265; c) C. Vincenzo,
F. A. N. Vito, S. Antonio, Tetrahedron Lett. 1995, 36, 171; d) K. Hir-
otada, S. Hiroshi, O. Koichiro, Tetrahedron 2001, 57, 10063;
e) A. G. B.-G. Charles, G. M. B. Anthony, A. G. Andrew, A. P. Pan-
ayiotis, R. Mark, Tetrahedron Lett. 2005, 46, 7427.

[7] a) J.-L. Namy, P. Girard, H. B. Kagan, New J. Chem. 1977, 1, 5; b) P.
Girard, J.-L. Namy, H. B. Kagan, J. Am. Chem. Soc. 1980, 102, 2693.

[8] a) H. B. Kagan, J.-L. Namy in Lanthanides: Chemistry and Use in
Organic Synthesis (Ed.: S. Kobayashi), Springer, Berlin, 1999, p. 155;
b) H. B. Kagan, Tetrahedron 2003, 59, 10351; c) K. Gopalaiah, H. B.
Kagan, New J. Chem. 2008, 32, 607; d) G. A. Molander, Chem. Rev.
1992, 92, 29; e) G. A. Molander, Acc. Chem. Res. 1998, 31, 603; f) A.
Krief, A. M. Laval, Chem. Rev. 1999, 99, 745; g) G. A. Molander,
C. R. Harris, Tetrahedron 1998, 54, 3321; h) G. A. Molander, C. R.
Harris, Chem. Rev. 1996, 96, 307; i) G. A. Molander in Organic Reac-
tions (Ed.: L. A. Paquette), Wiley, New York, 1994, pp. 211 – 367.

[9] a) G. A. Molander, J. B. Etter, J. Org. Chem. 1986, 51, 1778; b) S. Ta-
lukdar, J.-M. Fang, J. Org. Chem. 2001, 66, 330; c) R. Yanada, N.
Negoro, M. Okaniwa, T. Ibuka, Tetrahedron 1999, 55, 13947;
d) M. K. Basu, B. K. Banik, Tetrahedron Lett. 2001, 42, 187.

[10] a) J. Q. Wang, Y. M. Zhang, W. L. Bao, Synth. Commun. 1996, 26,
2473; b) Z. F. Li, Y. M. Zhang, Tetrahedron Lett. 2001, 42, 8507;
c) X. S. Fan, Y. M. Zhang, Tetrahedron Lett. 2002, 43, 5475; d) Z. F.
Li, Y. M. Zhang, Tetrahedron 2002, 58. 5301.

[11] H. Gilman, J. H. McGlumphy, Bull. Soc. Chim. Fr. 1928, 43, 1322.
[12] a) G. A. Molander, G. Hahn, J. Org. Chem. 1986, 51, 1135; b) J. M.

Concell�n, P. L. Bernad, J. A. P�rez-Andr�s, Angew. Chem. 1999,
111, 2528; Angew. Chem. Int. Ed. 1999, 38, 2384; c) J. M. Concell�n,
P. L. Bernad, E. Bardales, Org. Lett. 2001, 3, 937; d) J. M. Concell�n,
H. Rodr�guez-Solla, Chem. Soc. Rev. 2004, 33, 599; e) M. Inoue, I.
Ohashi, T. Kawaguchi, M. Hirama, Angew. Chem. 2008, 120, 1801;
Angew. Chem. Int. Ed. 2008, 47, 1777.

www.chemeurj.org � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2010, 16, 1697 – 17051704

S. Zhang et al.

http://dx.doi.org/10.1002/ange.19911030907
http://dx.doi.org/10.1002/anie.199111001
http://dx.doi.org/10.1002/anie.199111001
http://dx.doi.org/10.1021/jo00125a065
http://dx.doi.org/10.1002/(SICI)1521-3757(19981002)110:19%3C2724::AID-ANGE2724%3E3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1111/j.1747-0285.2006.00347.x
http://dx.doi.org/10.1002/(SICI)1521-3757(19990517)111:10%3C1440::AID-ANGE1440%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1021/np50117a002
http://dx.doi.org/10.1021/np50117a002
http://dx.doi.org/10.1021/cr040632u
http://dx.doi.org/10.1021/cr040632u
http://dx.doi.org/10.1021/cr60287a005
http://dx.doi.org/10.1021/cr60287a005
http://dx.doi.org/10.1021/cr60287a005
http://dx.doi.org/10.1021/cr00094a007
http://dx.doi.org/10.1021/cr00094a007
http://dx.doi.org/10.1021/cr00094a007
http://dx.doi.org/10.1021/ar50120a003
http://dx.doi.org/10.1021/ar50120a003
http://dx.doi.org/10.1021/ar50120a003
http://dx.doi.org/10.1055/s-1984-30849
http://dx.doi.org/10.1055/s-1984-30849
http://dx.doi.org/10.1055/s-1984-30849
http://dx.doi.org/10.1016/S0040-4039(01)87348-2
http://dx.doi.org/10.1016/S0040-4039(01)87348-2
http://dx.doi.org/10.1016/S0040-4039(01)87348-2
http://dx.doi.org/10.1021/ja01355a049
http://dx.doi.org/10.1021/ja01217a018
http://dx.doi.org/10.1021/ja01561a049
http://dx.doi.org/10.1246/bcsj.65.3163
http://dx.doi.org/10.1246/bcsj.65.3163
http://dx.doi.org/10.1016/j.tetlet.2005.09.147
http://dx.doi.org/10.1021/jo026121u
http://dx.doi.org/10.1021/ja00528a029
http://dx.doi.org/10.1016/j.tet.2003.09.101
http://dx.doi.org/10.1039/b718330p
http://dx.doi.org/10.1021/cr00009a002
http://dx.doi.org/10.1021/cr00009a002
http://dx.doi.org/10.1021/ar960101v
http://dx.doi.org/10.1021/cr980326e
http://dx.doi.org/10.1016/S0040-4020(97)10384-2
http://dx.doi.org/10.1021/cr950019y
http://dx.doi.org/10.1021/jo00360a025
http://dx.doi.org/10.1021/jo001362s
http://dx.doi.org/10.1016/S0040-4020(99)00854-6
http://dx.doi.org/10.1016/S0040-4039(00)01961-4
http://dx.doi.org/10.1016/S0040-4039(01)01831-7
http://dx.doi.org/10.1016/S0040-4039(02)01042-0
http://dx.doi.org/10.1021/jo00357a040
http://dx.doi.org/10.1002/ange.200704842
http://dx.doi.org/10.1002/anie.200704842
www.chemeurj.org


[13] a) N. Suzuki, D. Y. Kondakov, M. Kageyama, M. Kotora, R. Hara, T.
Takahashi, Tetrahedron 1995, 51, 4519; b) Z. J. Ni, N. W. Mei, X. Shi,
Y. L. Tzeng, M. C. Wang, T. Y. Luh, J. Org. Chem. 1991, 56, 4035.

[14] a) G. Heckmann, M. Niemeyer, J. Am. Chem. Soc. 2000, 122, 4227 –
4228; b) T. Tammiku-Taul, P. Burk, A. Tuulmets, J. Phys. Chem. A
2004, 108, 133 –139.

[15] a) H. Sonawane, N. S. Bellur, D. G. Kulkarni, N. R. Ayyangar, Tetra-
hedron 1994, 50, 1243; b) C. C. Silveira, C. R. Bernardi, A. L. Braga,

T. S. Kaufman, Tetrahedron Lett. 2001, 42, 8947; c) C.-H. Park, R. S.
Givens, J. Am. Chem. Soc. 1997, 119, 2453; d) A. Lebrun, J. L.
Namy, H. B. Kagan, Tetrahedron Lett. 1993, 34, 2311 – 2314.

[16] A. Lebrun, J. L. Namy, H. B. Kagan, Tetrahedron Lett. 1993, 34,
2311 – 2314.

Received: July 11, 2009
Published online: December 11, 2009

Chem. Eur. J. 2010, 16, 1697 – 1705 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 1705

FULL PAPERAllylSmBr as a Grignard and SET Reagent

http://dx.doi.org/10.1016/0040-4020(94)01138-P
http://dx.doi.org/10.1021/jo00012a043
http://dx.doi.org/10.1021/ja993494c
http://dx.doi.org/10.1021/ja993494c
http://dx.doi.org/10.1021/ja993494c
http://dx.doi.org/10.1021/jp035653r
http://dx.doi.org/10.1021/jp035653r
http://dx.doi.org/10.1021/jp035653r
http://dx.doi.org/10.1021/jp035653r
http://dx.doi.org/10.1016/S0040-4020(01)80835-8
http://dx.doi.org/10.1016/S0040-4020(01)80835-8
http://dx.doi.org/10.1016/S0040-4039(01)01998-0
http://dx.doi.org/10.1021/ja9635589
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
http://dx.doi.org/10.1016/S0040-4039(00)77601-5
www.chemeurj.org

