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Abstract A new, direct, efficient, and transition-metal-free method is
reported for the synthesis of B-bromostyrenes from styrenes by using
N-bromosuccinimide as the brominating reagent and sodium persul-
fate (Na,S,0g) as the oxidant. This convenient and concise reaction is
practical, operationally simple, and can be adapted for large-scale syn-
theses.
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B-Halostyrenes are important building blocks for such
transition-metal-catalyzed cross-coupling reactions as the
Heck, Suzuki, Hiyama, Stille, or Ullmann processes, which
are among the most commonly used methods in organic
transformations and natural product syntheses.! In recent
decades, several methods for the synthesis of alkenyl ha-
lides have been developed.? The classical methods are
based on the Hunsdiecker decarboxylative bromination of
a,B-unsaturated carboxylic acids,? the hydroxybromination
of styrenes accompanied by dehydration,* or olefination of
aromatic aldehydes.> Hydrometallation of alkynes followed
by halogenation is another effective protocol for the syn-
thesis of B-halostyrenes. The addition of an H-E bond (E =
Si, B, Sn, Zr) to an alkyne leads to the corresponding vinyl
derivative, which can be further substituted by a halogen
atom by using various halogenating agents.®

Because commercially available substituted styrenes
are much more abundant and less expensive than the cor-
responding phenylacetylene analogues, the use of substi-
tuted styrenes in the synthesis of B-halostyrenes has at-
tracted much attention. In 2008, Grela’s group reported the
synthesis of B-chlorostyrenes through an olefin cross-me-
tathesis reaction between terminal alkenes and (E)-1,2-di-
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chloroethene with a Ru complex as the catalyst (Scheme
1A).7 In 2003, Morrill and Grubbs synthesized a series of vi-
nylboronates through ruthenium-catalyzed olefin cross-
metathesis; these products can be further transformed into
vinyl halides (Scheme 1B).8 In 2009, Pawlué, Marciniec, and
their co-workers synthesized f-bromo- and -iodostyrenes
through silylative coupling of vinylsilanes with substituted
styrenes in the presence of Ru(CO)CI(H)(PPhs);, followed by
halogenation with the appropriate N-halosuccinimide
(Scheme 1C).° In 2017, Walkowiak and co-workers replaced
the vinylboronates by vinylsilanes, and also realized this
transformation.1©
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Scheme 1 Synthesis of B-arylvinyl halides from styrenes

All the above reactions using styrenes as starting mate-
rials require expensive Ru complexes as catalysts, and in
most cases require the use of expensive vinylboronates or
vinylsilanes to form (B-arylvinyl)boronate or (B-arylvi-
nyl)silane intermediates, which greatly increases their cost
and makes it difficult to achieve large-scale syntheses.
Therefore, the search for a direct method for synthesizing -
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halostyrenes from styrenes under transition-metal-free
conditions is of great significance. In the past decade, the
direct borylation,'" fluorination,'? sulfonylation,’*> phos-
phorylation,'4 nitration,'® and fluoroalkylation'¢ of styrenes
have all been reported, whereas the direct halogenation of
styrenes has been less well studied. We have achieved a di-
rect synthesis of 3-bromostyrenes from styrenes by using
NBS as the brominating reagent!” and Na,S,0; as the oxi-
dant in DCE in a sealed tube (Scheme 1D). Compared with
previous ruthenium-catalyzed methods, our reaction con-
ditions were simpler and operationally more convenient.

We started our investigation by using styrene as a mod-
el substrate with NBS as the bromine source in DCE to
screen various oxidants (Table 1, entries 1-9). To our de-
light, the desired B-bromostyrene (2a) was obtained in 56%
yield and a 10:1 E/Z ratio when Na,S,0g was used (entry 2).
With Na,S,0g as the oxidant, we then investigated other
bromine sources and found that 1,3-dibromo-5,5-dimethyl-
hydantoin (DBDMH), tribromoisocyanuric acid (TBCA), and
dibromoisocyanuric acid (DBCA) also promoted this trans-
formation, but NBS was still the best choice (entries 10-15).
We next examined alternative solvents but, unfortunately,
the reaction failed in all cases (entries 16-21). The yields of
2a decreased at both higher or lower reaction temperatures
(entries 22 and 23). However, when the concentration was
increased, the yield improved to 63% (entry 24).'® Encour-
aged by these results, we attempted to synthesize p-iodo-
styrene and B-chlorostyrene by using N-iodosuccinimide
(NIS) and N-chlorosuccinimide (NCS), respectively, as halo-
genated reagents, but these reactions failed (entries 25 and 26).

With the optimized reaction conditions in hand, we ex-
amined the substrate scope of styrenes with various sub-
stituents (Table 2). First, styrenes bearing various groups at
the para-position were explored. This showed that Me, F, Cl,
Br, I, and CH,CI groups were all suitable substituents for
this transformation, and the best yield of 72% was obtained
when 4-fluorostyrene was used (Table 2, entries 2-7). 1-(2-
Bromovinyl)-3-chlorobenzene (2h) was obtained in 42%
yield with an E/Z ratio of 6.4:1 (entry 8). 2-Halostyrenes
also reacted well to provide the desired products in moder-
ate yields (entries 9-11). Note that the substrates with hal-
ogen atom in the ortho, meta, or para positions could be
used this transformation, although the yield decreased
slightly when a meta-halostyrene was used (entries 4, 8,
and 10). A polysubstituted styrene also gave the corre-
sponding product 21 in 42% yield (entry 12). Finally, when
1,1-diphenylethylene was used as a reactant, the desired
product 2m was obtained in 66% yield (Table 2, entry 13);
however, the corresponding iodo compound 2n was ob-
tained in 91% yield when NBS was replaced by NIS in this
reaction (entry 14). We therefore believe that our reaction
might proceed by a radical mechanism.

Table 1 Reaction Conditions Screening?

BN oxidant X Br
+ [Br] ——————
solvent

1a 2a
Entry  [X] Oxidant Solvent  Yield® (%) E[Z°

1 NBS K5S,04 DCE trace -

2 NBS Na,S,04 DCE 56 10:1

3 NBS (NH,4),S,05 DCE trace -

4 NBS Oxone DCE trace -

5 NBS PhI(OAc), DCE ND -

6 NBS mCPBA DCE ND -

7 NBS AgOAc DCE trace -

8 NBS Cu(OAc), DCE ND -

9 NBS TBHP DCE ND -
10 DBDMH? Na,S,04 DCE 32 8:1
1 TBCA® Na,S,04 DCE 18 8:1
12 DBCAY Na,S,04 DCE 12 8:1
13 NaBr Na,S,04 DCE ND -
14 NH,Br Na,S,04 DCE ND -
15 Bu,NBr Na,S,04 DCE ND -
16 NBS Na,S,04 toluene trace -
17 NBS Na,S,04 MeCN ND -
18 NBS Na,S,04 THF ND -
19 NBS Na,S,04 DMF trace -
20 NBS Na,S,04 DMSO ND -

21 NBS Na,S,04 MeOH ND -
22f NBS Na,S,04 DCE 48 10:1
239 NBS Na,S,04 DCE 32 8:1
241 NBS Na,S,04 DCE 63 10:1
25 NIS Na,S,04 DCE trace -
26 NCS Na,S,04 DCE ND -

2Reaction conditions: styrene (1.0 mmol), halogen source [X] (1.05 mmol),
oxidant (2.0 mmol) solvent (2 mL), 100 °C, under air, 3 h (unless otherwise
noted).

b|solated yield; ND = not detected.

¢ Determined by "H NMR.

40.6 mmol.

¢0.35 mmol.

f80°C.

9120 °C.

hDCE (1.5 mL).

To verify our hypothesis, we performed several control
experiments (Scheme 2). When 2.0 equivalents of a free-
radical scavenger such as (2,2,6,6-tetramethylpiperidin-1-
yl)oxyl (TEMPO) or butylated hydroxytoluene (BHT) were
added to the reaction mixture of styrene (1a), none of the
desired product 2a was detected (Schemes 2A and 2B).
When a 1:1 mixture of styrene (1a) and 1,1-diphenyle-
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Table 2 Substrate Scope®

NayS,0g
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Entry Product Yield (%)  E/2°
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2 Reaction conditions: styrene (2.0 mmol), NBS (2.1 mmol), Na,S,04 (4.0
mmol), DCE (3 mL), 100 °C, under air, 3 h.

b Determined by 'H NMR.

©NIS (2.1 mmol) was used instead of NBS.

thene (1m) was subjected to the reaction system, a signifi-
cant preference for bromination of 1m over 1a was found
(Scheme 2C).
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Scheme 2 Control experiments

Based on the above reactions and previous reports,'® a
plausible mechanism is proposed (Scheme 3). Initially, a
bromine radical Br is produced from NBS by heating. After a
radical-addition step, the radical intermediate I is formed
from styrene (1a). Subsequently, intermediate II is generat-
ed by the reaction of radical intermediate I and Na,S,0s. In-
termediate II undergoes elimination of NaHSO, to give the
desired B-bromostyrene (2a). 2-Bromo-1-phenylethanol
(3a) was detected by GC/MS after the reaction was com-
pleted, proving the formation of intermediate IL

o

X Br
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Scheme 3 Proposed mechanism

To investigate the practicality of this transformation, a
scaled-up reaction was carried out with styrene as the
model substrate. The reaction proceeded well, and the de-
sired product B-bromostyrene (2a) was obtained with no
decrease in yield compared with the small-scale reaction

(Scheme 4).
©/\ NapS;0g @/\/Br
+ NBS —m———
DCE, 100 °C

1a 2a
20 mmol, 2.08 g 65%,2.38 g

Scheme 4 Gram-scale reaction for the synthesis of 3-bromostyrene
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In summary, a direct bromination of styrenes was de-
veloped for the efficient and convenient synthesis of f-bro-
mostyrenes under transition-metal-free conditions. The
present method is applicable to a variety of substituted sty-
rene derivatives and is a useful alternative to the
Hunsdiecker decarboxylative bromination of a,-unsaturat-
ed carboxylic acids.

Funding Information

This work was supported by the National Natural Science Foundation
of China (Nos. 21801065 and U180425).

Acknowledgment

We thank Lixin Li for assistance in the preparation of this manuscript.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0040-1707199.

Primary Data

for this article are available online at https://doi.org/10.1055/s-0040-
1707199 and can be cited using the following DOI: 10.4125/pd0119th.

References and Notes

(1) (a) Hieck, H. A.; Heck, R. F. J. Org. Chem. 1975, 40, 1083. (b) Ma,
Y.-N.; Yang, S.-D. Chem. Eur. . 2015, 21, 6673.

(2) (a) Bull, J. A.; Mousseau, J. J.; Charette, A. B. Org. Lett. 2008, 10,
5485. (b) Feng, X.; Zhang, H.; Lu, W.; Yamamoto, Y.; Almansour,
A. I; Arumugam, N.; Kumar, R. S.; Bao, M. Synthesis 2017, 49,
2727. (¢) Zhang, G.; Bai, R.-X.; Li, C.-H.; Feng, C.-G.; Lin, G.-Q.
Tetrahedron 2019, 75, 1658.

(3) (a)Johnson, R. G.; Ingham, R. K. Chem. Rev. 1956, 56, 219.
(b) Kuang, C.; Yang, Q.; Senboku, H.; Tokuda, M. Synthesis 2005,
1319. (c) Tang, K. G.; Kent, G. T.; Erden, I.; Wu, W. Tetrahedron
Lett. 2017, 58, 3894. (d) Bi, M.-X.; Qian, P.; Wang, Y.-K.; Zha, Z.-
G.; Wang, Z.-Y. Chin. Chem. Lett. 2017, 28, 1159. (e) Hatvate, N.
T.; Takale, B. S.; Ghodse, S. M.; Telvekar, V. N. Tetrahedron Lett.
2018, 59, 3892. (f) Hazarika, D.; Phukan, P. Tetrahedron Lett.
2018, 59, 4593.

(4) (a) Cervinka, O.; Dudek, V.; Fabryova, A.; KolaF, J.; Lukac, J.;
Simon, J.; Virtorin, M. Collect. Czech. Chem. Commun. 1989, 54,
2748. (b) Pappula, V.; Donthiri, R. R.; Mohan, D. C.; Adimurthy,
S. Tetrahedron Lett. 2014, 55, 1793.

(5) Takai, K.; Nitta, K.; Utimoto, K. J. Am. Chem. Soc. 1986, 108, 7408.

(6) (a) Brown, H. C.; Hamaoka, T.; Ravindran, N. J. Am. Chem. Soc.
1973, 95, 5786. (b) Brown, H. C.; Hamaoka, T.; Ravindran, N.;
Subrahmanyam, C.; Somayaji, V.; Bhat, N. G. J. Org. Chem. 1989,
54, 6075. (c) Huang, Z.; Negishi, E.-i. Org. Lett. 2006, 8, 3675.
(d) Hamajima, A.; Isobe, M. Angew. Chem. Int. Ed. 2009, 48, 2941.

(7) Sashuk, V.; Samojlowicz, C.; Szadkowska, A.; Grela, K. Chem.
Commun. 2008, 2468.

(8) Morrill, C.; Grubbs, R. H. J. Org. Chem. 2003, 68, 6031.

(9) Pawlué, P.; Hreczycho, G.; Szudkowska, J.; Kubicki, M.;
Marciniec, B. Org. Lett. 2009, 11, 3390.

(10) Szyling, J.; Franczyk, A.; Pawlu¢, P.; Marciniec, B.; Walkowiak, J.
Org. Biomol. Chem. 2017, 15, 3207.

(11) (a) Takaya, J.; Kiral, N.; Iwasawa, N. J. Am. Chem. Soc. 2011, 133,
12980. (b) Wang, C.; Wu, C.; Ge, S. ACS Catal. 2016, 6, 7585.

(12) Shao, Q.; Huang, Y. Chem. Commun. 2015, 51, 6584.

(13) (a) Cui, Q.; Han, K.; Liu, Z.; Su, Z.; He, X.; Jiang, H.; Tian, B.; Li, Y.
Org. Biomol. Chem. 2018, 16, 5748. (b) Fu, H.; Shang, ].-Q.; Yang,
T.; Shen, Y.; Gao, C.-Z.; Li, Y.-M. Org. Lett. 2018, 20, 489.
(c) Liang, X.; Xiong, M.; Zhu, H.; Shen, K.; Pan, Y. J. Org. Chem.
2019, 84, 11210.

(14) (a) Yang, B.; Zhang, H.-Y.; Yang, S.-D. Org. Biomol. Chem. 2015,
13, 3561. (b) Gui, Q.; Hu, L.; Chen, X.; Liu, J.; Tan, Z. Chem.
Commun. 2015, 51, 13922.

(15) (a) Maity, S.; Manna, S.; Rana, S.; Naveen, T.; Mallick, A.; Maiti,
D. J. Am. Chem. Soc. 2013, 135, 3355. (b) Maity, S.; Naveen, T;
Sharma, U.; Maiti, D. Org. Lett. 2013, 15, 3384.

(16) (a) Feng, Z.; Min, Q.-Q.; Zhao, H.-Y.; Gu, J.-W.; Zhang, X. Angew.
Chem. Int. Ed. 2015, 54, 1270. (b) Straathof, N. J. W.; Cramer, S.
E.; Hessel, V.; Noél, T. Angew. Chem. Int. Ed. 2016, 55, 15549.
(c) Zhang, H.-Y.; Ge, C.; Zhao, J.; Zhang, D. Y. Org. Lett. 2017, 19,
5260. (d) Zhang, Y.; Han, X.; Zhao, ].; Qian, Z.; Li, T.; Tang, Y.;
Zhang, H.-Y. Adv. Synth. Catal. 2018, 360, 2659.

(17) (a) Zhang, Z.; Sun, Q.; Xu, D.; Xia, C.; Sun, W. Green Chem. 2016,
18, 5485. (b) Sun, M.; Chen, X.; Zhang, L.; Sun, W.; Wang, Z.;
Guo, P.; Li, Y.-M.; Yang, X.-]. Org. Biomol. Chem. 2016, 14, 323.
(c) Zhao, J.-L.; Chen, X.-X.; Xie, H.; Ren, ].-T.; Gou, X.-F.; Sun, M.
Synlett 2017, 28, 1232. (d) Arnold, A. M.; Pothig, A.; Drees, M.;
Gulder, T. J. Am. Chem. Soc. 2018, 140, 4344. (e) Wan, C.; Song,
R.-J.; Li, J.-H. Org. Lett. 2019, 21, 2800.

(18) (2-Bromovinyl)benzene (2a); Typical Procedure
Styrene (1a; 2.0 mmol, 1.0 equiv) was added to a solution of
NBS (2.1 mmol, 1.05 equiv) and Na,S,05 (4.0 mmol, 2.0 equiv) in
DCE (3 mL) in a sealed tube. The mixture was warmed to 100 °C
and stirred for 3 h. When the reaction was complete, the
mixture was purified directly by flash chromatography (silica
gel, petroleum ether) to give a white oil; yield: 230.5 mg (63%,
E/Z=10:1).

H NMR (400 MHz, CDCl;): 8 = 7.31-7.27 (m, 5 H), 7.09 (d, J =
14.0 Hz, 1 H), 6.75 (d,J = 14.0 Hz, 1 H).

(19) (a) Chen, X.-X.; Wang, J.-X.; Ren, J.-T.; Xie, H.; Zhao, Y.; Li, Y.-M.;
Sun, M. Synlett 2017, 28, 1840. (b) Li, L.; Ma, Y.-N.; Tang, M,;
Guo, J.; Yang, Z.; Yan, Y.; Ma, X.; Tang, L. Adv. Synth. Catal. 2019,
361,3723.

© 2020. Thieme. All rights reserved. Synlett 2020, 31, A-D

Downloaded by: East Carolina University. Copyrighted material.



