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Abstract. Active bismuth is synthesized by the chemical reduction of bismuth trichloride using freshly prepared
sodium stannite solution as the reducing agent at room temperature. The as-synthesized active bismuth is applied
as a reagent for the synthesis of homoallyl alcohol/homopropargyl alcohol from allyl bromide/propargyl bromide
and carbonyl compounds in water at 50 ◦ C. The homoallyl amines are also synthesized from N -tosyl aldimines
and allyl bromide using active bismuth reagent in good yields. No assistance of organic co-solvent, co-reagent,
phase transfer catalyst or inert atmosphere is required for this reaction. The waste bismuth material obtained
after the completion of the organic reaction can be reduced to active bismuth by sodium stannite solution and
successfully reused for mediating the allylation of aldehydes.
Keywords. Active bismuth; allylation; crotylation; propargylation; carbonyl; N -tosyl aldimine; homoallyl
alcohol; homoallyl amine; homopropargyl alcohol.

1. Introduction
Metal-mediated Barbier allylation reaction of carbonyls
is a very important C-C bond forming reaction in
organic synthesis, 1 driven in part by the versatility
of the homoallyl alcohols as synthetic intermediates. 2
Numerous metals, such as antimony, cerium, magnesium, manganese, indium, tin and zinc are known to
participate in this fundamental C-C bond forming reaction. 3 In view of elemental resources, it is desired to
explore various elements for catalyzing or mediating
organic transformations. Among group 15 elements, bismuth is inexpensive, safe and environmentally-benign
compared to arsenic and antimony with enhanced metallic character. It is also used in cosmetics and anti-viral
creams and as a component of oral gastrointestinal
formulations. 4 The commercially available bismuth
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powder has been reported for the reductive allylation
of aldehydes under varying reaction conditions. 5 Wada
et al., reported several bimetallic reducing systems
consisting of a metal and BiCl3 for the allylation of
carbonyls. They include Al-BiCl3 , Mg-BiCl3 , Fe-BiCl3
and Zn-BiCl3 systems. 5b, 6 Bismuth nanoparticles 7 as
well as ball milling technique 8 have also been used to
carry out the bismuth mediated allylation of carbonyls.
Shi-Hui et al., demonstrated Barbier allylation of aldehydes promoted by in situ generated active Bi(0) from
BiCl3 and sodium borohydride. 9 Herein, we report a
versatile method for Barbier-type reaction of various
carbonyls and N -tosyl aldimines in water mediated by
freshly prepared active Bi(0) (Scheme 1). The active
Bi(0) is synthesized via a simple reduction of BiCl3
by freshly prepared sodium stannite (Na2 SnO2 ) solution at room temperature. 10 Moreover, for the first time,
we demonstrate active Bi(0) mediated allylation of N tosyl aldimines as well as propargylation of aldehydes
in water to achieve the corresponding homoallyl amines
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Scheme 1.
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Active bismuth mediated Barbier-type reaction of carbonyls and N -tosyl aldimines.

and homopropargyl alcohols, respectively. The importance of homoallyl amines and homopropargyl alcohols
as versatile building blocks for the synthesis of valuable
organic moieties is well established. 11 We find success
in active Bi(0) mediated crotylation of aldehydes with
100% γ -regioselectivity. The synthetic protocol does
not require an organic co-solvent, co-reagent, phase
transfer catalyst or inert atmosphere. It is noteworthy
to point out that the resulting white bismuth material
after the completion of the reaction can be reduced to
Bi(0) by Na2 SnO2 solution and can be used to mediate
the allylation of aldehydes, thereby making the method
economical. Versatility, practicality and the economic
use of this method of Barbier reaction provides excellent value for laboratory applications.

2. Experimental
2.1 General remarks
All reagents and solvents are of AR grade and purchased
from Sigma-Aldrich, Alfa Aeser, Spectrochem and Sisco
Research Laboratories Pvt. Ltd., and used without further
purification unless otherwise stated. Propargyl bromide (80%
solution in toluene) from Alfa Aeser was used as a reagent
for propargylation. All the Barbier reactions were done in
double-distilled water under air atmosphere. Reactions were
monitored by thin-layer chromatography (TLC) on silica gel
60 F254 . Purification of organic products was performed by
column chromatography using 100–200 mesh silica gel as
the stationary phase and petroleum ether 60–80 ◦ C/ethyl
acetate as the eluent. The phase purity of synthesized Bi(0)
material was characterized by recording X-ray diffraction

data using PW1710 diffractometer (Philips, Holland) and
analyzed with JCPDS software. 1 H and 13 C NMR spectra
were measured on a Bruker NMR spectrometer. Chemical
shifts are reported in ppm from tetramethylsilane (TMS),
with the solvent resonance as the internal standard (chloroform δ 7.26 ppm). Data are reported as follows: chemical
shifts, multiplicity (s=singlet, d=doublet, t=triplet, q=quartet,
br=broad, dd=double doublet, m=multiplet), coupling constant (in Hz), integration.13 C NMR spectra were recorded
with proton decoupling. Chemical shifts are reported in ppm
from tetramethylsilane with the solvent resonance as the internal standard (chloroform δ 77.0 ppm). Elemental analyses
were carried out using a CHNS/O Analyzer Perkin Elmer
2400 Series II instrument.

2.2 Preparation of sodium stannite (Na2 SnO2 )
solution 12
In a 100 mL beaker, SnCl2 .2H2 O (677 mg, 3 mmol) and
distilled water (8 mL) were taken and mixed well using a
magnetic bar. Then 8 mL of 5 (M) NaOH solution was added
slowly with continuous stirring until the milky white suspension turned into a colorless Na2 SnO2 solution.

2.3 Preparation of active Bi(0) 10
In a 50 mL round bottom flask, BiCl3 (630 mg, 2.0 mmol)
was taken and 2 mL of distilled water was added to it which
forms a milky white suspension of BiOCl. Then 16 mL of
the freshly prepared Na2 SnO2 solution was added drop-wise
to the milky white suspension of BiOCl with constant stirring at room temperature. Instantaneously, a black precipitate
of Bi(0) metal was formed and the stirring was continued
for 5 min. The resultant mixture was allowed to stand and
the supernatant is decanted followed by washing of the black
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precipitate with distilled water until the washing was pH neutral. The as-synthesized Bi(0) was used to mediate the Barbier
reaction.

2.4 Typical procedure for the active Bi(0) mediated
synthesis of homoallyl alcohol
In a 50 mL round bottom flask, 418 mg (2.0 mmol) of active
Bi(0) was synthesized according to the above-mentioned procedure and washed several times to make it pH neutral. After
that, 5 mL of distilled water was added, followed by the addition of 340 µL (4.0 mmol) of allyl bromide 2a. The reaction
mixture was stirred for 10 min at room temperature and 4chlorobenzaldehyde 1a (140 mg, 1 mmol) was added to it.
The reaction mixture was placed in a pre-heated oil bath at
50 ◦ C. The progress of the reaction was monitored by TLC.
After the reaction was completed, the reaction mixture was filtered through a celite bed, followed by washing of the residue
by ethyl acetate (2 × 10 mL). Finally, the filtrate was further extracted by ethyl acetate (2 × 10 mL) and washed with
water (2 × 10 mL), brine (2 × 10 mL) and dried over anhydrous Na2 SO4 . The combined organic solvent was removed
under reduced pressure and the crude product purified by column chromatography over silica gel (100–200 mesh, eluent:
petroleum ether 60–80 ◦ C/ethyl acetate) to afford the corresponding homoallyl alcohol 3a in 81% yield.

2.5 Typical procedure for the active Bi(0) mediated
synthesis of homoallyl amine
In a 50 mL round bottom flask, 418 mg (2.0 mmol) of active
Bi(0), synthesized according to the above-mentioned procedure, was taken and washed several times to make it pH
neutral. After that, 5 mL of distilled water was added, followed by the addition of 340 µL (4.0 mmol) of allyl bromide
2a. The reaction mixture was stirred for 10 min at room temperature and N -benzylidene-4-methylbenzenesulfonamide1t
(259 mg, 1 mmol) was added to it. The reaction mixture was
placed in a pre-heated oil bath at 50 ◦ C. The progress of the
reaction was monitored by TLC. After the reaction was completed, the reaction mixture was filtered through a celite bed,
followed by washing of the residue by ethyl acetate (2 × 10
mL). Finally, the filtrate was further extracted by ethyl acetate
(2 × 10 mL) and washed with water (2 × 10 mL), brine (2
× 10 mL) and dried over anhydrous Na2 SO4 . The combined
organic solvent was removed under reduced pressure and the
crude product purified by column chromatography over silica
gel (100–200 mesh, eluent: petroleum ether 60–80 ◦ C/ethyl
acetate) to afford the corresponding homoallyl amine 3t in
66% yield.

2.6 Typical procedure for the active Bi(0) mediated
synthesis of homopropargyl alcohol
In a 50 mL round bottom flask, 418 mg (2.0 mmol) of active
Bi(0), synthesized according to the above-mentioned procedure, was taken and washed several times to make it pH
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neutral. After that, 5 mL of distilled water was added followed by the addition of 378 µL (4.0 mmol of 80% solution)
of propargyl bromide 2e. The reaction mixture was stirred
for 10 min at room temperature and 4-chlorobenzaldehyde
1a (140 mg, 1 mmol) was added to it. The reaction mixture
was placed in a pre-heated oil bath at 50 ◦ C. The progress of
the reaction was monitored by TLC. After the reaction was
completed, the reaction mixture was filtered through a celite
bed followed by washing of the residue by ethyl acetate (2
× 10 mL). Finally, the filtrate was further extracted by ethyl
acetate (2 × 10 mL) and washed with water (2 × 10 mL), brine
(2 × 10 mL) and dried over anhydrous Na2 SO4 . The combined organic solvent was removed under reduced pressure,
and the crude product was purified by column chromatography over silica gel (100–200 mesh, eluent: petroleum ether
60–80 ◦ C/ethyl acetate) to afford the corresponding homopropargyl alcohol 4a in 80% yield.
All products gave satisfactory spectral data and were compared with authentic samples wherever possible.
Compounds3a, 12 3b, 13 3c, 14 3d-e, 12 3f, 15 3g, 12 3h, 15 3i, 14
3j, 16 3k, 15 3l, 13 3m, 17 3n,5 f 3o, 17 3p,5 f 3q, 16 3r, 15 3s, 12
3t, 18 3u, 18 3w-y, 19 4a-b, 20 4c, 21 are reported in literature.
The characterization data for the new compound 3v is given
below.

2.7 Analytical data of the new compound
4-Methyl-N -(1-(naphthalen-1-yl)but-3-enyl)benzenesulfona
mide (3v): 1 H NMR (400 MHz, CDCl3 ): δ (ppm) = 7.91–
7.89 (m, 1H), 7.81–7.79 (m, 1H), 7.76 (d, J = 7.6 Hz, 1H),
7.48–7.44 (m, 4H), 7.31–7.25 (m, 2H), 6.98 (d, J = 8.0 Hz,
2H), 5.60–5.50 (m, 1H), 5.23–5.20 (m, 1H), 5.12–5.07 (m,
3H), 2.65–2.63 (m, 2H), 2.28 (s, 3H). 13 C NMR (100 MHz,
CDCl3 ): δ (ppm) = 142.9, 137.1, 135.8, 133.7, 133.1, 129.8,
129.1, 128.9, 127.9, 127.1, 126.2, 125.5, 125.0, 124.2, 122.4,
119.4, 53.2, 41.2, 22.7. Anal. Cacld (%) for C21 H21 NO2 S: C
71.77; H 6.02; Found: C 71.81; H 5.98.

3. Results and Discussion
First, we have synthesized active Bi(0) (here after represented as Bi*) via a redox-driven path (Scheme 2). 10
Freshly prepared Na2 SnO2 solution can easily reduce
BiCl3 in water at room temperature (Standard reduction
potential of Bi3+ /Bi(0) = 0.308 V and standard reduction
2−
potential of SnO2−
3 /SnO2 = −0.93 V). The reduction
takes place spontaneously to give a black precipitate of
Bi* (Figure 1d), which is confirmed by the powder XRD
analysis. The XRD pattern of the as-synthesized Bi*
was found to be in excellent agreement with the diffraction pattern of crystalline Bi(0) (Figure 2). The observed
diffraction peaks at 2θ = 22.73◦ , 27.31◦ , 38.19◦ , 39.80◦ ,
44.80◦ , 46.13◦ , 48.96◦ , 56.21◦ , 59.43◦ , 61.36◦ , 62.34◦ ,
64.79◦ , 67.69◦ corresponds to the (033), (012), (104),
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Scheme 2.
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Synthesis of active Bi(0).

Figure 1. Photographs of (a) BiCl3 (b) BiOCl (c) freshly
prepared Na2 SnO2 solution and (d) active Bi(0).

Figure 2.

XRD pattern of the synthesized Bi(0).

(110), (015), (113), (202), (024), (107), (205), (116),
(112) and (018) planes of Bi(0) (JCPDS 05-0519).
After confirming the identity of the black Bi(0),
we applied the metallic bismuth for Barbier allyation of carbonyls and N -tosyl aldimines and propargylation of aldehydes. In this regard, we chose 4chlorobenzaldehyde 1a as the model electrophile and
allyl bromide 2a as the model allylating reagent to optimize the reaction conditions. To begin our investigation,
we tested several aprotic and protic solvents in addition
to their aqueous mixture (Table 1, entries 1–12). We
found that DMF, MeCN and THF afforded moderate
yields of the homoallyl alcohol 3a at room temperature
(Table 1, entries 1–3), whereas use of water as the only
solvent afforded a better result (Table 1, entries 5). On
realizing the positive effect of water on the progress of
the reaction, we carried out the Barbier reaction in 1:1

mixture of the specified solvent with water (Table 1,
entries 6–9) at room temperature. Although the yield
of the homoallyl alcohol 3a improved in the aqueous
mixture of the solvents, the result was still below our
expectation. This prompted us to assess the effect of
temperature in this C-C bond forming reaction in view
of achieving a better yield of 3a. In this regard, we tested
the two most promising water-organic solvent combinations viz. MeCN-H2 O and THF-H2 O at 50 ◦ C and
we were pleased to observe that the reaction performed
significantly better (Table 1, entries 10–11). However,
it is advantageous to avoid the use of organic solvents
such as MeCN and THF in a synthetic organic reaction for economic and environmental benefits. This led
us to carry out the reaction in water as the only solvent at 50 ◦ C and the reaction proceeded remarkably
well to yield 81% of the corresponding homoallyl alcohol 3a (Table 1, entry 12) in 30 min. Further increase
in reaction temperature to 70 ◦ C did not improve the
yield of 3a (Table 1, entry 13). We found that the reaction mixture was strongly acidic after the completion
of the reaction which may increase the electrophilicity
of the reacting aldehyde.6c,9 Recent literature of Barbier
allylation reaction mediated by in situ generated Bi(0)
shows that the molar ratio of the allyl bromide 2a to
Bi(0) plays a crucial role.6c Prompted by this information, we varied the amount of aldehyde 1a, allyl
bromide 2a and our in-house synthesized Bi* in the
allylation reaction as illustrated in Table 1 (entries 14–
15). We noted that the highest yield of 3a is obtained
when the molar ratio of 1a:2a:Bi* is taken as 1:4:2
(Table 1, entry 12). The yield of the homoallyl alcohol 3a was found to be only 21% after 2 h of reaction
when commercially available bismuth powder was used
instead of Bi* (Table 1, entry 16). The low reactivity
of the commercially available bismuth powder can be
attributed to the aerial oxidation of the metallic surface
over time. 22
After optimizing the reaction conditions of Barbier
allylation mediated by our in-house synthesized Bi*,
we interested ourselves in exploring the substrate scope
of this reaction and to study the effect of several substituents present at varying positions of the electrophile.
We noticed that substituents such as -Cl, -Br, -Me,
did not affect the reaction significantly, irrespective of
their position in the aromatic ring of the aldehyde 1
(Table 2, entries 1–5 and 8). However, the presence
of -NO2 group as a substituent causes a noticeable
decline in the yield of the corresponding homoallyl
alcohol 3f (Table 2, entry 6). The presence of electrondonating groups on the aromatic ring such as –OMe
and -OH was found to decrease the yield of the corresponding homoallyl alcohol marginally (Table 2, entries
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Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14c
15d
16e
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Optimization of reaction conditions for Barbier allylation of aldehyde 1a.a

Solvent
DMF
MeCN
THF
EtOH
H2 O
DMF-H2 O (1:1)
MeCN-H2 O (1:1)
THF-H2 O (1:1)
EtOH-H2 O (1:1)
MeCN-H2 O (1:1)
THF-H2 O (1:1)
H2 O
H2 O
H2 O
H2 O
H2 O

Temperature (◦ C)

Time (h)

RT
RT
RT
RT
RT
RT
RT
RT
RT
50
50
50
70
50
50
50

10
10
10
24
6
10
10
10
24
10
10
0.5
0.5
0.5
0.5
2

a Reaction conditions: 1a (1 mmol), 2a (4 mmol), Bi* (2 mmol), Solvent
b Isolated yields
c Molar ratio –1a (1 mmol): 2a (1 mmol): Bi* (1 mmol)
d Molar ratio –1a (1 mmol): 2a (2 mmol): Bi* (1 mmol)
e Commercially available bismuth powder was used instead of Bi*.

9–11). The reaction also performs well in the case of
1-naphthaldehyde 1l and terephthalaldehyde 1m, giving rise to good yields (Table 2, entries 12–13). Next, we
have extended the substrate scope by including the allylation of aliphatic aldehydes 1n-p, which react equally
well to give the desired homoallyl alcohols 3n-p in
very good yields (Table 2, entries 14–16). Cinnamaldehyde 1q as a representative α,β-unsaturated aldehyde
reacts under the optimized reaction conditions to give
the 1,2-addition product 3q exclusively (Table 2, entry
17). Our method worked well for heterocyclic aldehyde
e.g., 2-thiophenecarboxaldehyde 1r producing 72% of
the desired homoallyl alcohol 3r in presence of NH4 Cl
as an additive (Table 2, entry 18). Acetophenone 1s, a
weaker electrophile, is also demonstrated to give the
desired allylation product 3s although in lower yield
after prolonged reaction time (Table 2, entry 19). When
allyl chloride 2b and allyl alcohol 2c were employed
as allylating reagents instead of allyl bromide 2a in
our reaction conditions, the expected product 3a did
not form at all (Table 2, entries 20–21) and the unreacted aldehyde 2a was recovered almost quantitatively
after 24 h. It is noteworthy to mention that the resulting
white precipitate after the completion of the reaction

Yield 3a (%)
50
55
57
29
68
61
64
66
45
70
76
81
80
42
69
21

(5 mL)

could be reduced again to Bi* by freshly prepared
Na2 SnO2 solution and the active metal, regenerated in
this way, could also efficiently mediate the allylation of
aldehydes in very good yield (Table 2, entry 22). We
also applied our current method toward the large scale
synthesis of homoallyl alcohol 3a using 10 mmol of 4chlorobenzaldehyde 1a, 40 mmol of allyl bromide 2a
and 20 mmol of Bi* in water at 50 ◦ C to obtain 78% isolated yield (Table 2, entry 23). As the method described
here does not involve any suitable co-reagent capable
of inducing enantiomeric purity in the products, hence
the homoallyl alcohols are obtained as a racemic mixture.
Allylation of N -tosyl aldimines in water is considered a challenging prospect due to their proneness to
hydrolyze in the reaction medium. Although there are
reports of allylation of N -tosyl aldimines in water, 23
bismuth mediated protocols have not been developed so
far. Our Bi* mediated method for the allylation of aldehydes can also be applied fruitfully for the allylation of
N -tosyl aldimines. In our optimized reaction conditions,
N -tosyl aldimines 1t-v reacted smoothly to produce the
corresponding homoallyl amines 3t-v in good yields in
1 h (Scheme 3). 24
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Substrate scope of Bi* mediated Barbier allylation of carbonyls.a

Entry

Substrate 1

Allylating
agent 2

1.

Product 3

2a
1a

2.
1b

0.5

81

1

79

1

78

1

70

1

80

4

60

1

81

1

78

1

70

1

68

1

72

3b
2a

1c
4.

Yield (%)b

3a

2a

3.

Time
(h)

3c
2a
3d

1d
5.

2a
1e

6.

3e
2a

1f
7.

3f
2a

1g

3g

8.

2a
1h

9.

3h
2a

1i
10.

3i
2a
3j

1j
11.

2a
1k

3k
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(contd.)

12.

2a
1l

13.
1m

1n
1o
16.

2a

3o

1p
2a

1r

1

78

1

79

1

76

2

62

1

72

6

50

3p

1q
18.c

62

3n

2a

17.

4
3m

2a

15.

74

3l

2a

14.

1

3q
2a
3r

19.

2a
3s

1s
20.

2b

No product

24

-

2c

No product

24

-

1

80

2

78

1a
21.
1a
22.d

2a
3a

1a
23.e

2a
1a

3a

a Reaction conditions: 1 (1 mmol), 2 (4 mmol), Bi* (2 mmol), H O (5 mL), Temp. 50 ◦ C.
2
b Isolated yields. c 5 mL saturated NH Cl solution was used as a solvent instead of H O.
4
2
d Bi* reproduced from the resulting white precipitate of the first time reaction (entry 1).
e Reaction conditions: 1 (10 mmol), 2 (40 mmol), Bi* (20 mmol), H O (50 mL), Temp. 50 ◦ C.
2
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Scheme 3.
Table 3.

Allylation of N -tosyl aldimines in water.

Active Bi* mediated crotylation of aldehydes in water.

Entry

Substrate 1

Yield % (syn:anti) b

Product 3

1.

84 (78:22)
3w

1a

72 (76:24)

2.
3x

1g

68 (73:27)

3.
1h
a
b

3y

Reaction conditions: 1 (1 mmol), 2d (4 mmol), Bi* (2 mmol), H2 O (5 mL), Temp. 50 ◦ C, 1 h.
Isolated yields. The ratio of diastereoselectivity was determined by 1 H NMR spectra.

Scheme 4.

Propargylation of aldehydes in water.

To extend the scope of the developed method, we have
carried out crotylation of aldehydes using the in-house
synthesized active Bi* and crotyl bromide 2d. The reaction proceeds smoothly under the optimized reaction
conditions to generate very good yields of the corresponding homoallyl alcohols 3w-y in 1 h with 100%
regioselectivity. The diastereoselectivity (determined by
1
H NMR) observed in our method are comparable with

previously reported methods5b−c with syn-isomer being
the major product (Table 3).
In our attempt to ascertain the versatility of the developed protocol, propargyl bromide 2e has also been tested
in the optimized reaction conditions as a viable reagent
for Barbier type reaction. We find that the aldehydes 1a,
1g–h generate the desired homopropargyl alcohols 4a,
4b and 4c in good yields in 1 h (Scheme 4). As per our

Bismuth reagent used
Green solvent
Reaction temp.
Additive free
Reaction time (h)
Inert atmosphere free
Electrophiles
Aromatic aldehyde with EDG
Aromatic aldehyde with EWG
Heteroaromatic aldehyde
α,β-conjugated aldehyde
Aliphatic aldehyde
Aldehyde with naphthyl ring
Aromatic ketone
Aldimine
Alkylating agent Allyl bromide
Allyl chloride
Allyl alcohol
Crotyl bromide
Propargyl bromide
X
X
X
X
53–98

X
√

X
X
X
√

X
40–98

X
√

X
√
√

X
X
√
√

X
X
√
√

Bi shot/powder Bi shot/powder
X
X
RT
RT
√
X
4–12
5–28
X
X
√
√

5b

X
X
50–91

X
X
X
X
X
√

X
√
√

Metallic Bi
X
RT
X
20–34
X
√
√

5c‡
5e

5f

Bi powder Bi(0)
Bi
√
√ powder
NS
RT
RT
RT
√
X
X
3
5–16
12
√
-√
X
√
√
√
√
X
√
X
X
√
√
√
√
√
X
√
√
X
X
X
X
X
X
X
√
√
√
√
X
X
X
X
X
X
X
X
X
X
X
81–94
10–98 62–99

5d

X
X
X
X
37–98

X
X
X
X
X
X
X
√

4–8
X
√

Bi(0)
X
60 ◦ C
√

5g

50–81

X
X
√
√

0.5–6
√
√
√
√
√
√
√
√
√
√

50 ◦ C
√

Bi*
√

Present work

entries were reported with metallic Bi reagent & reactions were performed at or below RT. NS= No solvent.

† The details of the references 5a–g are cited in the manuscript.
‡ Substituted allyl alcohols were converted to their respective allyl iodides using in situ generated TMS-I (TMS-Cl + NaI) reagent before allylation reaction.  Only 3 successful

Yield (%)

Substrate scope

Reaction conditions

5a

References†

Comparison of present method with other Bi(0) mediated Barbier type reactions

Parameters

Table 4.
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knowledge of relevant literature, Bi(0) mediated propargylation of aldehydes is not reported so far. The method
described herein offers a novel alternative for the synthesis of homopropargyl alcohol-mediated by Bi* in water.
In order to establish the advantages of our present
method in comparison with the similar Bi(0) mediated allylation reactions in the literature, we summarize
our results along with the existing reports in Table 4.
It is clear from the comparison that our protocol not
only develops the desired homoallyl alcohols in a green
solvent without any additive and in mild reaction conditions, but also covers several carbonyl substrates for
allylation/crotylation reaction. In addition, allylation of
N -tosyl aldimines and propargylation of aromatic aldehydes can also be achieved by using our protocol. Broad
substrate scope and simple reaction procedure mark it
as an attractive synthetic protocol in organic synthesis.

4. Conclusions
In conclusion, we have presented a versatile, practical
and economical method for Barbier reaction mediated
by active Bi(0) in water. No assistance of organic cosolvent, co-reagent, phase transfer catalyst, or inert
atmosphere is necessary for this reaction. The method
can be applied for the allylation of aromatic, aliphatic
as well as α,β-unsaturated aldehydes in addition to N tosyl aldimines. The method also works efficiently for
the propargylation of aromatic aldehydes producing a
very good yield of the corresponding homopropargyl
alcohols. The resulting white bismuth material after the
completion of the organic reaction can be reduced again
to Bi(0) and can be reused for the subsequent batch of
Barbier allylation of aldehydes. The active Bi(0) mediated versatile C-C bond forming reaction presented in
this paper is a meaningful addition to the existing methods in the literature.
Supplementary Information (SI)
1H

and 13 C NMR data of the known compounds and 1 H
and 13 C NMR spectra of the new compound are included in
the supplementary information. Supplementary information
is available at www.ias.ac.in/chemsci.

Acknowledgements
Scientific and Engineering Research Board (SERB) is gratefully acknowledged for financial support to P.N.C (sanction
order no. SB/FT/CS-115/2014; dated 24/08/2015). We thank
NIT Meghalaya (for financial support to D.P.). P.N.C thanks
Dr. S. Pan, IIT Guwahati for useful discussion and help. IIT
Kharagpur, IIT Guwahati and SAIF, NEHU are also acknowledged for analytical facilities.

J. Chem. Sci. (2019) 131:51

References
1. (a) Li C -J 1996 Aqueous Barbier-Grignard type reaction:
scope, mechanism, and synthetic applications Tetrahedron 52 5643; (b) Denmark S E and Fu J 2003 Catalytic enantioselective addition of allylic organometallic
reagents to aldehydes and ketones Chem. Rev. 103 2763;
(c) Yus M, González-Gómez J C and Foubelo F 2011
Catalytic enantioselective allylation of carbonyl compounds and imines Chem. Rev. 111 7774; (d) Kumar
D, Vemula S R, Balasubramanian N and Cook G R 2016
Indium-mediated stereoselective allylation Acc. Chem.
Res. 49 2169
2. (a) Nicolaou K C, Kim D W and Baati R 2002 Stereocontrolled totalsynthesis of Apicularen A and its Ä17,18
Z isomer Angew. Chem. Int. Ed. 41 3701; (b) Nicolaou
K, Ninkovic S, Sarabia F, Vourloumis D, He Y, Vallberg H, Finlay M R V and Yang Z 1997 Total syntheses
of epothilones A and B via amacrolactonization-based
strategy J. Am. Chem. Soc. 119 7974; (c) Bartlett P A
1980 Stereocontrol in the synthesis of a cyclic systems:
applications to natural product synthesis Tetrahedron
36 2; (d) Paterson I and Mansuri M M 1985 Recent
developments in total synthesis of macrolide antibiotics Tetrahedron 41 3569; (e) Germay O, Kumar N
and Thomas E J 2001 Total synthesis of pamamycin
607: an application of remoteasymmetric induction in
organic synthesis Tetrahedron Lett. 42 4969; (f) Romo
D, Meyer S D, Johnson D D and Schreiber S L
1993 Total synthesis of (-)-rapamycin using EvansTishchenko fragment coupling J. Am. Chem. Soc. 115
7906
3. A few selected references on metal mediated Barbier allylation ofcarbonyls: (a) Tan K -T, Chng S -S,
Cheng H -S, Loh T -P 2003 Development of a highly
α-regioselective metal-mediated allylation reaction in
aqueous media: new mechanistic proposal forthe origin
of α-homoallylic alcohols J. Am. Chem. Soc. 125 2958;
Antimony (b) Li L H and Chan T H 2000 Organometallic
reactions in aqueous medium. Antimony-mediated allylation of carbonyl compounds with fluoride salts Tetrahedron Lett. 41 5009; Cerium (c) Imamoto T, Kusumoto
T, Tawarayama Y, Sugiura Y, Mita T, Hatanaka Y and
Yokoyama M 1984 Carbon-carbon bond-forming reactions using Cerium metal ororganocerium(III) reagents
J. Org. Chem. 49 3904; Magnesium (d) Zhang W -C and
Li C -J 1999 Magnesium-mediated carbon-carbon bond
formation in aqueous media: Barbier-Grignard allylation and Pinacol coupling of aldehydes J. Org. Chem. 64
3230; Manganese (e) Li C -J, Meng Y, Yi X -H, Ma Jand
Chan T H 1998 Manganese-mediated carbon-carbon
bond formation inaqueous media: chemoselective allylation and Pinacol coupling of aryl aldehydes J. Org.
Chem. 63 7498; Indium (f) Li C J and Chan T H 1991
Organometallic reaction in aqueous media with Indium
Tetrahedron Lett. 32 7017; Tin (g) Nokami J, Otera J,
Sudo T and Okawara R 1983 Allylation of aldehydes
and ketones in the presence of water by allylic bromides, metallictin and alluminium Organometallics 2
191; Zinc (h) Pétrier C and Luche J -L 1985 Allylzinc
reagents additions inaqueous media J. Org. Chem. 50
910

J. Chem. Sci. (2019) 131:51
4. (a) Suzuki H, Ikegami T and Matano Y 1997 Bismuth in
organic transformations Synthesis 3 249; (b) Sadler P J,
Li H and Sun H 1999 Coordination chemistry of metals
in medicine: target sites for bismuth Coord. Chem. Rev.
185 689
5. (a) Wada M and Akiba K 1985 Metallic bismuth mediated allylation of aldehydes to homoallylic alcohols
Tetrahedron Lett. 26 4211; (b) Wada M, Ohki H and
Akiba K 1990 A Gridnard-type addition of allyl unit
to aldehydes by using bismuth and bismuth salts Bull.
Chem. Soc. Jpn. 63 1738; (c) Miyoshi N, Nishio M,
Murakami S, Fukuma T and Wada M 2000 A convenient one pot allylation of aldehydes and allylic halides
prepared in situ from allylic alcohols in the presence
of metallic bismuth Bull. Chem. Soc. Jpn. 73 689; (d)
Andrews P C, Peatt A C and Raston C L 2001 Metal
mediated solvent free synthesis of homoallylic alcohols
Green Chem. 3 313; (e) Miyamoto H, Daikawa N and
Tanaka K 2003 Carbon-carbon bond formation using bismuth in a water medium Tetrahedron Lett. 44 6963; (f)
Smith K, Lock S, El-Hiti G A, Wada M and Miyoshi
N 2004 A convenient procedure for bismuth-mediated
Barbier-type allylation of aldehydes in water containing fluoride ions Org. Biomol. Chem. 2 935; (g) Dam
J H, Fristrup P and Madsen R 2008 Combined experimental and theoretical mechanistic investigations of the
Barbier allylation inaqueous media J. Org. Chem. 73
3228
6. (a) Wada M, Ohki H and Akiba K -Y 1987 Bismuth(III)
chloride aluminium-promoted allylation of aldehydes
to homoallylic alcohols in aqueous medium J. Chem.
Soc., Chem. Commun. 10 708; (b) Wada M, Fukuma T,
Morioka M, Takahashi T and Miyoshi N 1997 Anovel
aqueous Barbier-Grignard type allylation of aldehydes in
a Mg/BiCl3 bimetal system Tetrahedron Lett. 38 8045;
(c) Jadhav B D and Pardeshi S K 2014 Bismuth chloride
mediated allylation of carbonyl compounds in aqueous
media: a mechanistic investigation Tetrahedron Lett. 55
4948; (d) Minato M and Tsuji J 1988 Allylation of
aldehydes in an aqueous two-phase system by electrochemically regenerated bismuth metal Chem. Lett. 17
2049
7. Xu X, Zha Z, Miao Q and Wang Z 2004 Allylation of carbonyl compounds mediated by nanometer-sized bismuth
in water Synlett 7 1171
8. Wada S, Hayashi N and Suzuki H 2003 Noticeable facilitation of bismuth-mediated Barbier-type allylation of
aromatic carbonyl compounds under solvent-free conditions Org. Biomol. Chem. 1 2160
9. Ping-Da R, Shi-Feng P, Ting-Wei D and Shi-Hui W 1996
A Barbier type reaction promoted by in situ formed active
metal bismuth from NaBH Ping-Da R, Shi-Feng P, TingWei D and Shi-Hui W 1996 A Barbier type reaction
promoted by in situ formed active metal bismuth from
NaBH4 and BiCl3 in aqueous media Chin. J. Chem. 14
462
10. Feigl F and Anger V 1972 In Spot Test in Inorganic
Analysis 6th ed. (Elsevier, Amsterdam)
11. (a) Felpin F X, Girard S, Vo-Thanh G, Robins R J,
Villiéras J and Lebreton J 2001 Efficient enantiomeric
synthesis of pyrrolidine and piperidine alkaloids from
tobacco J. Org. Chem. 66 6305; (b) Wright D L, Schulte

Page 11 of 12 51

12.

13.
14.
15.
16.

17.

18.
19.
20.

21.
22.

J P and Page M A 2000 An imine addition/ringclosing metathesis approach to the spirocyclic core of
halichlorine and pinnaic acid Org. Lett. 2 1847; (c)
Laschat S and Kunz H 1991 Carbohydrates as chiral
templates:diastereoselective synthesis of N-glycosyl-Nhomoallylamines and β-amino acids from imines J. Org.
Chem. 56 5883; (d) Nicolaou K C, Skokotas G, Furuya
S, Suemune H and Nicolaou D C 1990 Golfomycin A,
a novel designed molecule with DNA-cleaving properties and antitumor activity Angew. Chem. Int. Ed. 29
1064; (e) An Z, She Y, Yang X, Pang X and Yan R
2016 Metal-free synthesis of 3-methylthiofurans from
homopropargylic alcohols and DMSO via a tandemsulfenylation/cyclization reaction in a one-pot manner
Org. Chem. Front. 3 1746; (f) Hosseyni S, Wojtas
L, Li M and Shi X 2016 Intermolecular homopropargyl alcohol addition to alkyne and asequential 1,6enyne cycloisomerization with triazole-gold catalyst J.
Am. Chem. Soc. 138 3994; (g) Sarkar D, Rout N,
GhoshM K, Giri S, Neue K and Reuter H 2017 Atomeconomical palladium carbon-catalyzed de novo synthesis of tri-substitutednicotinonitriles J. Org. Chem. 82
9012
Sinha A K, Sil A, Sasmal A K, Pradhan M and Pal T
2015 Synthesis of active tin: an efficient reagent for allylation reaction of carbonyl compounds New J. Chem. 39
1685
Shen K H and Yao C F 2006 Novel and efficient method
for theallylation of carbonyl compounds and imines
usingtriallylaluminum J. Org. Chem. 71 3980
Li G L and Zhao G 2006 Allylation of aldehydes and
imines: promotedby reusable polymer-supported sulfonamide of N-glycine Org. Lett. 8 633
Denmark S E and Nguyen S T 2008 Catalytic, nucleophilic allylation of aldehydes with allyl acetate Org.
Lett. 11 781
Kalita P K and Phukan P 2013 SnCl Kalita P K
and Phukan P 2013 SnCl2 .2H2 O-mediated Barbier-type
allylation: A comparative evaluation of the catalytic
performance of CuI and Pd(OAc)2 C. R. Chimie 16
1055
Dorn V, Chopa A and Radivoy G 2016 Mild bottomup synthesis of indium(0) nanoparticles: characterization
and application in the allylation of carbonyl compounds
RSC Adv. 6 23798
Roy U K and Roy S 2007 Pd0 /Sn I I promoted Barbiertype allylation and crotylation of sulfonimines Tetrahedron Lett. 48 7177
Shibata I, Yoshimura N, Yabu M and Baba A 2001 A
highly syn-selective allylation of aldehydes in water Eur.
J. Org. Chem. 3207
Ma X, Wang J X, Li S, Wang K H and Huang
D 2009 One-pot, solvent-free regioselective addition
reactions of propargyl bromide to carbonyl compounds mediated by Zn-Cu couple Tetrahedron 65
8683
Reddy L R 2012 Chiral Brønsted acid catalyzed enantioselective propargylation of aldehydes with allenylboronate Org. Lett. 14 1142
Zhao Y, Zhang Z and Dang H 2004 A simple
way to prepare bismuth nanoparticles Mater. Lett. 58
790

51 Page 12 of 12
23. Sinha A K, Mondal B, Kundu M, Chakraborty B and
Roy U K 2014 Recyclable electrochemical allylation in
aqueous ZnCl2 medium: synthesis and reactivity of a
wire-shaped nano zinc architecture Org. Chem. Front. 1
1270

J. Chem. Sci. (2019) 131:51
24. Laskar D D, Gohain M, Prajapati D and Sandhu J S
2002 Microwave-induced organometallic reactions in
aqueous media. Use of Ga and Bi for the allylation of
aromatic N-oxides and hydrazones New J. Chem. 26
193

