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Abstract We describe the facile and efficient metal-promoted reduc-
tion of C-Br bonds of gem-dibromides. When the reaction is mediated
by indium, the corresponding vinyl bromides are obtained in good
yields and high E-stereoselectivities. Alternatively, when the reduction
is mediated by samarium diiodide, vinyl bromides are obtained in mod-
erate yields and good Z-selectivities.
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Both (E)- and (Z)-vinyl bromides are extremely useful
tools in organic chemistry.! In the last decade, their use as
coupling partners in a wide range of transition metal-medi-
ated cross-coupling reactions has sparked a great deal of in-
terest in their stereoselective synthesis.? Consequently, a
number of reagents have been reported that provide either
(Z)-3 or (E)-vinyl bromides.* These transformations perform
well in a number of favorable cases; however, polyfunction-
alized substrates can give unsatisfactory results.

The reduction of gem-dibromides, readily available from
the reaction of an aldehyde with carbon tetrabromide and
triphenylphosphine, presents a practical alternative to the
synthesis of vinyl bromides. Only a few examples of the hy-
drogenolysis of 1,1-dibromo-1-alkenes have been reported
in the literature.® For this reason, the introduction of sim-
pler reagents and more-general experimental conditions is
still needed.

Since its introduction by Kagan and co-workers in
1977,% samarium diiodide has been used to perform a wide
variety of organic reactions because of its versatility in one-
and two-electron transfer processes. Barbier-type C-C
bond formations, B-eliminations, and reductions with Sml,
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have been widely investigated.” An interesting feature of
this reagent is the regulation of the reduction potential of
Sml, by using various solvents or additives. This makes sa-
marium diiodide an attractive reducing agent, because of
the possibility of tuning its reactivity and selectivity.® Sim-
ple reductions of organic monohalides with Sml, are very
common in the literature.® In contrast to the reactions of
monohalides, reactions of gem-dihalides with Sml, are very
limited. To the best of our knowledge, there is just one ex-
ample of a reduction of gem-dibromoalkenes with Sml, in
benzene containing 10% hexamethylphosphoramide to af-
ford rearranged alkynes.'®

On the other hand, indium has attracted much attention
from organic chemists due to its low toxicity, environmen-
tal benefits, and great synthetic potential.!' Additions to
carbonyl compounds are probably the most common indi-
um-promoted reactions in organic synthesis.'?> Recently, in-
dium has emerged as a useful reducing agent in several or-
ganic reactions, such as dehalogenations'® and reductive
eliminations.' In this regard, we have recently reported the
indium-promoted dehalogenation of gem-dibromoalkenes
to give vinyl bromides in an ionic-liquid medium. Despite
the excellent results achieved, the reaction was quite slow
under normal heating and it required ohmic heating to go
to completion in one to three hours.!”

Here, we describe the details of both the indium- and
samarium-mediated reduction reactions of 1,1-dibromo-1-
alkenes to give vinyl bromides, including their mechanism,
scope, and limitations.

Based on our preliminary results, the reduction of 1-
(2,2-dibromovinyl)-2-methylbenzene (1a) was assessed
(Scheme 1). We initially investigated the use of Sm(II) as a
reducing agent under various conditions, and the results
are compiled in Table 1.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-D

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



Synlett R. G. Soengas et al.

Mm!, M2
o Tol” X Br additive B
-Tol r
/\/ S
Br solvent
temperature
1a time 2a

Scheme 1 Reductive debromination of 1-(2,2-dibromovinyl)-2-meth-
ylbenzene (1a)

Thus, gem-dibromoalkene 1a was treated with Sml, (2.0
equiv) in THF in the presence of H,0 (20.0 equiv with re-
spect to Sml,) as an additive. Samarium diiodide was pre-
pared without difficulty as a 0.1 M solution in THF by soni-
cation of 1,2-diiodoethane and metallic samarium.!® Reac-
tion at room temperature for three hours afforded the
desired bromoalkene 2a in moderate yield and good Z-se-
lectivity (Table 1, entry 1). Increasing the temperature to re-
flux, resulted in a steep decrease in both the yield and se-
lectivity (entry 2). In contrast, lowering the temperature to
0 °C had no effect on either the yield or the selectivity (en-
try 3). On the other hand, prolonging the reaction time to
24 hours resulted in a slight increase in the selectivity, but
had no effect in the yield (entry 4).

We then turned our attention to the use of indium as a
reducing agent. Our initial studies focused on the reduction
of 1-(2,2-dibromovinyl)-2-methylbenzene (1a) by employ-
ing a combination of indium and a co-reductant in the pres-
ence of an additive in aqueous THE. When a solution of
gem-dibromoalkene 1a in THF-H,0 (1:1 v/v) was treated
with indium powder (2.0 equiv) and Cul (0.5 equiv) in the
presence of catalytic amounts of iodine, and the resulting
mixture was heated to reflux for three hours, the desired
bromoalkene 2a was obtained in moderate yield and mod-
erate E-selectivity (Table 1, entry 5). Decreasing the tem-
perature to room temperature resulted in a lower conver-
sion to the desired vinyl bromide (entry 6). The use of

Pd(PPh;), as an additive led to poorer results in terms of
both yield and selectivity (entry 7). However, when InCl;
was used as a co-reductant in the presence of Pd(PPhj;),, re-
duction of gem-dibromoalkene 1a occurred at room tem-
perature in three hours, giving 1-bromoalkene 2a in excel-
lent yield and moderate E-stereoselectivity (entry 8). In-
creasing the amount of indium metal (2.0 equiv) led to an
increase in the yield (entry 9). Note that both the co-reduc-
tant and the additive are essential for efficient progress of
the reaction (entries 10 and 11).

Having established the optimal conditions, we investi-
gated the reduction of a wide range of structurally varied
gem-dibromoalkenes to the corresponding vinyl bromides.
Thus, reduction of gem-dibromoalkenes 1b,c with Sml, (2.0
equiv) and H,0 (40.0 equiv) in THF for three hours'” afford-
ed the corresponding vinyl bromides 2b,c in moderate
yields and moderate Z-selectivities (Table 2, entries 1 and
3).

Alternatively, treatment of a solution of a gem-dibro-
moalkene 1b-i with indium (2 equiv) and InCl; (0.5 equiv)
in the presence of tetrakis(triphenylphosphine)palladi-
um(0) (5.0 mol%) in a 1:1 (v/v) mixture of THF and H,0 at
room temperature for three hours'® gave the corresponding
vinyl bromide 2b-i'® in good yield and good E-selectivity
(Table 2, entries 2-10). In addition, no overreduction of the
resulting vinyl bromide was observed with any substrate.
Reduction of the less reactive cycloaliphatic dibromoalkene
1j was unsuccessful under both sets of reaction conditions
(entries 11 and 12).

The contrasting stereochemical outcome of the indium-
and samarium-mediated reductions can be explained in
terms of the different mechanisms of the two processes.

A possible mechanistic pathway for the samarium-me-
diated reduction is shown in Scheme 2. Generation of an

Table 1 Conditions for the Synthesis of 1-(2-Bromovinyl)-2-methylbenzene (2a)

Entry Mm! Equiv M? Equiv Additive Equiv Solvent Temp (°C) Time (h) Yield® (%) E/2°

1 sml, 2 - - H,0 40 THF 25 3 55 20:80
2 Sml, 2 - - H,0 40 THF 75 3 1 50:50
3 Sml, 2 - - H,0 40 THF 0 3 54 20:80
4 Sml, 2 - - H,0 40 THF 25 24 55 16:84
5 In 2 Cul 0.5 [ 0.1 THF-H,0 (1:1) 75 3 67 75:25
6 In 2 cul 0.5 Iy 0.1 THF-H,0 (1:1) 25 3 19 75:25
7 In 2 cul 0.5 Pd(PPh;), 0.05 THF-H,0 (1:1) 75 3 51 70:30
8 In 1 InCl; 0.5 Pd(PPh,), 0.05 THF-H,0 (1:1) 25 3 76 75:25
9 In 2 InCl 0.5 Pd(PPhs), 0.05 THF-H,0 (1:1) 25 3 88 76:24

10 In 2 InCl; 0.5 - - THF-H,0 (1:1) 25 3 - -

1 In 2 - - Pd(PPh;), 0.05 THF-H,0 (1:1) 25 3 - -

2 |solated yield.
b Determined by "H NMR spectroscopy of the crude reaction mixture.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-D

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



Synlett R. G. Soengas et al.

Table 2 Synthesis of Vinyl Bromides 2

B method

r AorB

X

R B

Br
1 2
Entry Reactant R Method® Product Yield® E/Z
(%)

1 1b Ph A 2b 91 60:40
2 1b Ph B 2b 51 25:75
3 1c 2-MeCgH, A 2c 88 68:32
4 1c 2-MeCgH,4 B 2c 52 22:78
5 1d 4-MeOCgH, B 2d 69 60:40
6 Te 2-CICeH, B 2e 89 77:23
7 1f 2,3,4-(MeO);CH, B 2f 75 5842
8 1g 1-naphthyl B 2¢g 81 59:41
9 1h CH=CHPh B 2h 87 55:45

10 Ti 3-BnOCgH, B 2i 84 63:37

11 1j cycloheptyl A 2j - -

12 1j cycloheptyl B 2j - -

@ Method A: Sml, (200 mol%), THF-H,O (10:1); B: In (200 mol%), InCl; (50
mol%), Pd(PPhs), (5.0 mol%), THF=H,0 (1:1).

b Isolated yield of analytically pure product.

¢ Determined by 300 MHz 'H NMR spectroscopy of the crude reaction mix-
ture.

alkenyl radical 3 by single-electron transfer from Sml,, fol-
lowed by reaction of this intermediate radical with Sml,
should afford the isomeric alkenylsamarium species 4. Iso-
mer 4a should be formed preferentially due to the steric
hindrance of the Sm(IIl) coordination sphere and the R
group in isomer 4b. Finally, hydrolysis of the alkenylsamar-
ium 4 should give the corresponding bromoalkene with Z-
selectivity.

- Br Sml, Sml SmX Br
R Y Hﬂyé R/\r 2 N R/Y
Br Br Br
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Scheme 2 Proposed mechanism for the samarium(ll)-mediated reac-
tion

With regard to the mechanism of the indium-mediated
reduction, in contrast to the Sml,-mediated reaction, we
propose the formation of the intermediate vinyl anion 5
(Scheme 3). Protonation of 5 should preferentially give the

thermodynamically more stable (E)-bromoalkene. The ben-
efits of using Pd(PPh;), as an additive in the indium-medi-
ated dehalogenation reaction have been previously report-
ed by ourselves!>c and others.'** Even though the role of
Pd(0) is not clear, it is probably involved in Pd insertion into
the C-Br bond, which would facilitate the metalation.

In +1/2 InCl3
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Scheme 3 Proposed mechanism for the indium(l)-mediated reaction

In conclusion, we have described the synthesis of 1-bro-
moalkenes by metal-mediated reduction of gem-dibro-
moalkenes. When the reduction is mediated by samarium
diiodide in the presence of water, bromoalkenes are ob-
tained in moderate yields and good Z-selectivities. On the
other hand, when the reaction is promoted by an indium
metal/indium trichloride combination in the presence of
tetrakis(triphenylphosphine)palladium(0), the correspond-
ing bromoalkenes are obtained in good yields and high E-
selectivities.
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