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Abstract: Compounds possessing unsaturated bonds such as
akenes, alkynes, alenes, and methylenecyclopropanes (MCPs) can
be dibrominated within minutes by NBS and lithium bromide in
THF at room temperature in good to excellent yields under mild
conditions.
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Dihalo derivatives are important compounds in organic
synthesis as well as in analytical chemistry. The electro-
philic addition of molecular bromine to unsaturated bonds
via a bromonium ion! remains the method of choice for
the generation of dibrominated compounds. In such apro-
cedure, halogen addition is carried out in CCl,, one of the
common solvents used in bromination. However, CCl, is
currently on the ‘environmental blacklist’. In CCl, the
electrophilic additions are slow and radical reactions may
occur, resulting in arange of products. In addition, despite
the widespread use of molecular bromine as an electro-
philic reagent it is atoxic, difficult to handle, low-boiling
lachrymatory liquid, which causes severe burns on contact
with skin.2 Moreover, since molecular bromineisastrong
oxidizing agent, attempted bromination of complex or-
ganic substrates can be hampered by undesired competing
oxidation processes.® These concerns over selectivity,
handling, and toxicity issues associated with Br, have fu-
elled research into new strategies for the bromination of
organic substrates. Though some convenient methods
have been devel oped for the mono-bromination of organic
substrates using an oxidant and metal bromide combina
tion as an electrophilic Br* source instead of Br,,* molec-
ular Br, is till the preferred choice in the dibromination
of organic substrates. There have been some other devel-
opments, such as ionic liquids being used as the solvent
instead of CCl,> and pentylpyridinium tribromide being
used as the source of molecular Br,.® Today’s increased
environmental awareness prompts chemists to search for
clean and sustainabl e synthetic methodologies. In situ for-
mation of reactive halogen compounds is one of the most
promising approaches to overcome the safety and waste-
handling problems. Initially, we assumed that if two inde-
pendent sources of Br* and Br-were used in the system for
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the dibromination reactions, perhaps molecular Br, could
be avoided as a source of brominating agent and many
more solvents could be used.

It should be noted that though NBS is usualy used as a
brominating agent viaaradical procedure,’ it is also a po-
tential source of electrophilic Br*.2 On the other hand,
many metal bromides can be chosen as a source of Br-.

Herein, wewill present our results on the dibromination of
carbon—carbon unsaturated bonds such as akenes,
alkynes, allenes, and methylenecyclopropanes (M CPs) by
NBS and LiBr in THF as the solvent.

The results of the dibromination of alkenes, alkynes, and
alenes are summarized in Scheme 1 and Table 1. Initial
examination using alkene 1a as the substrate showed that
two equivalents of NBS and LiBr are required; with one
equivaent or 1.5 equivalents the reaction became messy
and no desired product was obtained. An excess of NBS
and LiBr (3.0 equiv and 5.0 equiv) had no effect onthere-
action and the product was obtained in nearly the same
yield. The reactions proceeded smoothly to give the de-
sired dibrominated products within minutes in good to
excellent yields (Scheme 1, Table 1).° For the styrene de-
rivatives examined, the substituent on the phenyl ring had
adramatic effect on the reaction rate. For styrene 1a, the
reaction was somewhat sluggish and was complete after
30 minutes (Table 1, entry 1). For the styrenes, substituted
with an electron-donating group, 1b (p-MeO) and 1c (p-
Me), the reactions were complete within two minutes in
good to high yields (Table 1, entries 2 and 3). For cyclo-
hexene 1d (aliphatic olefin), the reaction also proceeded
smoothly to give the corresponding product 2d in good
yield (Table 1, entry 4). For substituted phenylacetylenes
3a, 3b, and 3c, al these reactions were complete within
two minutes to give the desired products in good yields
(Table 1, entries 5-7). For the alkyl group substituted
alkyne 3d, the reaction was somewhat sluggish and the
corresponding product 4d was obtained in lower yield
(Table 1, entry 8). It is noteworthy that only the dibromi-
nation of acetylene took place to give the 1,2-dibrominat-
ed product 4; no further bromination of 4 was observed
presumably due to its electron-deficiency. In addition, di-
bromination of allene 5a was complete within two min-
utes to give the 1,2- and 2,3-dibrominated mixtures of 6a
and 6a’ in highyield (Table 1, entry 9).
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Scheme 1

Tablel Dibromination of Alkenes, Alkynes, and Allenes

Entry? Substrate  Time (min) Product Yield (%)°
1 la 30 2a 56

2 1b 2 2b 94

3 1c 2 2c 71

4 1d 2 2d 61

5 3a 2 4a 82

6 3b 2 4b 66

7 3c 2 4c 82

8 3d 30 4d 26

9 5a 2 6a/6a’ 94 (1:1)°

aAll reactions were carried out with substrate (1 equiv), NBS (2
equiv), LiBr (2 equiv).

b |solated yields.

¢ Ratio of 6a and 6a'.

The dibromination of MCPs 7% was aso carried out
with NBS and LiBr. Initial examination of the dibromina-
tion of MCP 7a showed that the addition sequence of the
reactants significantly affected the results. 1,2- and 2,3-
Dibrominated products were obtained as an inseparable
mixture in a ratio of about 1:4 if the three components
were added at the sametime. The best result was obtained
if NBS was added after sufficient mixing of MCP and
LiBrin THF.*?> Asshown in Scheme 2 and Table 2, there-
actions proceeded smoothly to give the desired products
in good to excellent yields for the majority of MCPs 7 ex-
amined. The termina substituents on the MCPs have no
effect on the reaction rate and for all MCPs examined the
reaction was complete within two minutes. For MCPs 7a,
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7d, and 7e higher yields were obtained with a shorter
reaction time in comparison with the dibromination reac-
tions by molecular Br,.!* For the unsymmetrical diaryl-
substituted M CPs such as 7c and 7f, the products were ob-
tained as mixtures of Z- and E-isomers (Table 2, entries 3
and 6). For unsymmetrical MCPs such as 7h, 7i, and 7j
(substituents, one aryl group and one hydrogen atom), the
corresponding products 8h, 8i, and 8j were obtained with
the E-isomer as the sole product (Table 2, entries 8-10).
Thestructures of 8h, 8i, and 8] werefurther determined by
'H NMR NOESY spectroscopy. For the extremely elec-
tron-rich MCP 7h, further electrophilic substituted prod-
uct 8h” was obtained in 49% yield, along with the normal
dibrominated product 8h (Table 2, entry 8).

RS RS s RS__R®
Br Br
3 4 (@]
8

7 NBS

7a: R5 = R6 = CgH5

7b: R5 = R® = 4-MeOCgH,

7¢: R5 = 4-MeOCgHa, R® = CgHs

7d: R® = R® = 4-MeCgHy H
7e: R® = R® = 4-CIC¢H,

7f: R® = 4-CICgH4, R = CgH5
79: R® = R® = 4-FCgH, 8h'
7h: R®=H, R® = 3, 4, 5-MeOCgH, Br

7i: R® = H, R® = 4-MeOCgH,4

7j: R® = H, R® = 4-MeCgH,

Scheme 2

Table2 Dibromination of Methylenecyclopropanes (MCPs)

Entry? Substrate 7 Time (min)  Product Yield (%)°
1 7a 2 8a 99
2 7b 2 8b 7r°
3 7c 2 8c 85 (1:1)¢
4 7d 2 8d 99
5 Te 2 8e 70
6 i 2 8f 76°
7 79 2 8g 92
8 7h 2 8h 26
9 7 2 8i 90
10 7i 2 8j 60

aUnless otherwise specified, all reactions were carried out with 7
(1 equiv), NBS (2 equiv), and LiBr (2 equiv).

b |solated yields.

¢NBS (1.2 equiv) and LiBr (1.2 equiv) were used.

4 Ratio of the two isomers.

© Ratio of the two isomers was difficult to determine by 'H NMR
spectroscopy.

f Along with 8h’ as a by-product.



LETTER

NBS/LiBr for the Bromination of C=C Bonds 1271

Ross and co-workers investigated the true nature of the
brominating agent in asimilar system, NBS and quaterna-
ry ammonium bromide, and its role in the dibromination
of olefins.® They believed that molecular Br, was the real
brominating agent for the dibromination of olefinsin their
system and an equilibrium between the complex and mo-
lecular Br, was postul ated (Scheme 3).

SBr, Brr =—— >N-8-_Br8-+--Br8] —=S + Bn;
Complex A

SBr = N-bromosuccinimide
Scheme 3

In the present dibromination reaction, we believe that a
similar complex between NBS and LiBr might exist and
the equilibrium described by Ross could aso be in-
volved.*15 We aso confirmed that the dibromination
reaction of 7a under the optimized conditions was un-
affected by the addition of the radical inhibitors such as
2,2,6,6-tetramethyl-1-piperidinyloxy free radical
(TEMPO) and 2,6-di-tert-butyl-4-methylphenol (BHT)
(0.1 equiv), rendering unlikely the intervention of a radi-
cal pathway.'®

In conclusion, we have found a convenient and efficient
method for the dibromination of substrates bearing car-
bon—carbon unsaturated bonds such as alkenes, alkynes,
alenes, and MCPs with NBS and LiBr. It is noteworthy
that the present method has provided a new route for the
dibromination reactions in the absence of molecular Br,
and that THF was used as the solvent to alleviate the prob-
lem of toxic organic solventsin traditional reactions. Fur-
ther studies are now under way to investigate the details
of the related reactions.
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