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ARTICLE INFO ABSTRACT

This article first time describes triphosgene (B&S)an oxidant while the non-toxic and easy-to-

Keywords:
Triphosgene
Oxidizing agent
Potassium bromide
Regioselectivity

handle potassium bromide (KBr) as the source ofmbe to the bromination reaction of arom
substrates. The novel brominating protocol giveseBent para-regioselectivity of the alkoxyl /
hydroxyl arenesand high vyield, offering good potential of commafcscale applications. T
mechanism of “Triphosgene oxidize bromide” was ps#gal.

1. Introduction

Aryl bromides are high-valued fundamental buildirgchs in
agrochemical, pharmaceutical and material synth&tish the
advancement of transition metal catalysis, thehstit value of
aryl bromides as versatile coupling partners hasnbwell-
recognized. Nevertheless, compared to the extemssgarch on
the coupling transformations of aryl bromides, thectical
synthesis of this feedstock chemical remains séweraxplored.
Electrophilic bromination of arenes is one of thendamental
transformations in these constructions of the C-HR&md.
Unfortunately, traditional procedures of brominatiasually
involve the use of elemental bromine under harshctien

conditions®? Owing to its toxic nature, the use of elemental

bromine is not only troublesome and environmentadyardous,
but also needs cautious control of the additioe cattemperature
to avoid undesirable side reactions. The indugpplieations of
transition metal catalyzed coupling reactions hasised an
urgent need for more economical and ecologicall®ggises of
aryl bromides.

Therefore, a series of elemental bromine-free patohave
been developed. One alternative method utilizesd soiganic
ammonium tribromides such as 2,4-diamino-1,3-tH@zo
hydrotribromide® Me,;NBr;,* 1,8-diazabicyclo[5.4.0]undec-7-
ene hydrobromide perbromide (DBUHRH Bu,NBry** “
phenyltrimethylammonium tribromid®, 1,2-
dipyridiniumditribromide-ethane (DPTBE)nd PyHBg,*® % 4"
Another method involves in situ generation of brosninia
bromic salt oxidatiod® In this regard, it requires these
combinations of oxidants and bromides such #3,H#H1Br,>**t-
BUOOH-HBr®® ¢ H,0,-V,0s-Et,NBr>*® oxone (potassium
peroxymonosulfate, KHS{ / NaBr® oxone / HBF"
2KHSO;*KHS O,¢K , SOy, cerium (IV) ammonium nitrate (CAN) /
KBr, CAN / LiBr,” NaBrO-NaBr’ and Selectfluor / KEBr
However, the industrial applications were hindered thg
inherent explosive nature of the reported oxidants.

Bis(trichloromethyl) carbonate (triphosgene, alsmwkn as
BTC) was first developed by Eckert as “green phosgen
Attributed to itsstable crystalline solid physical properties, BTC
is safer and more convenient to handle, transpmit sore for
commercial production purpose, which has been prévdek a
useful substitute for phosgene in a variety of Isgtit
applications (e.g. chloroformylation, chlorinatiorarboxylation
and dehydration reactions). Yet to date, among tm@emous
reported research on BTC, employing BTC as an pixigiagent
with good performance and excellent properties remai huge
challenge®™

~

~0 0
BTC/ ethyl acetate
TBAB /KBr B}
r.t 19h Br
Yield:99%
Scheme 1. Efficient synthesis routes for 1-bromo-4-

methoxybenzene.

To bridge this gap of knowledge, we report hereinesv n
protocol using BTC as an oxidizing agent. BTC isledi to the
mixture of potassium bromide (KBr) and aromatic sttdge in
the presence of catalyzed amount of tetrabutylanumon
bromide (TBAB) then stir until the end of the reaati(Scheme
1). The reaction of anisole as the exemplified coumgbgives
almost quantitative yield. With the experimentalnditions
established, we proceeded to evaluate more arorsaltistrates
with different functional groups to expand the scagfethis
method. Furthermore, most of these aromatic substrare a
fragment of some common drugs. Meanwhile, the phéeisi
reaction mechanism of the “Triphosgene oxidize hdeh is
proposed. It is noteworthy that the method perfornieda
regioselective manner, affording mono- and paraimimating
products.
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2. Results and discussion BTC results in a decrease of product yield (en#ieg, 8, 9, 10,
. . . 11, 15). To have the optimal yield, the equivaleft BTC
To find the best conditions for these reactionse th yeyeen 1.1 and 1.3 would be the best choice. Intiaddieven
bromination reaction of anisoléa was studied using different though the reaction time was prolonged, productctadt be
ratios of BTC, TBAB and KBr in ethyl acetate at room getected in the system without BTC or TBAB during téaction
temperature (Table 1). The best molar ratio of BTBTAB /' 4cess (entries 12 and 15). This shows that BTCT&AB play
KBr was 1.3:0.5:1.1 (Table 1, entry 6). All compourdsnolar  cjtical roles in the reaction. Interestingly, puots could be still
equivalent ratios are calculated according to téamequivalent  yatected in the system of TBAB with high yields (&g 13 and

of anisole. When decreasing KBr from 1.9 to 1.1 fent1-6), 14), suggesting that TBAB may serve as a brominerceou
the product yield has no obvious change. Redud¢iagmount of

Table 1. Optimization of reaction conditions.

Entry BTC (equivalent) TBAB (equivalent) KBr (equivalent) alif (%)
1 13 0.10 15 93
2 1.3 0.10 1.9 94
3 13 0.30 15 95
4 1.3 0.50 1.5 100
5 13 0.50 13 100
6 1.3 0.50 1.1 100
7 11 0.50 15 98
8 0.90 0.50 1.5 92
9 0.90 0.10 11 89
10 0.60 0.10 1.1 86
11 0.30 0.10 11 67
12 1.3 0 15 0
13 13 2.0 0 91
14 1.3 1.1 0 89
15 0 0.10 15 0

4 Anisole, TBAB and BTC in the system of ethyl acetate water at room temperature for 19 h.

®Yields refer to HPLC analysis.

Under the optimized reaction condition¥able 1), the  85% yields, respectively. 4-Brominated produ2ts 2m were
substrate scope was further explorédlfe 2). It is proved that efficiently synthesized in excellent vyields from 34,
these aromatic substrateka-1r with different alkoxyl or dimethoxybenzengl and 1,2-dimethoxybenzeden respectively
hydroxyl groups, including methoxy groupkable 2, entries 1-2, (entries 12 and 13). These reactions with 2-metHggy-
8, 12-13, 16), ethoxy group (entry 9), ether (entr§) and biphenyl 1p and (benzyloxy)benzene 1q gave para-position
hydroxyl groups (entries 3-7, 10-11, 14-15, 18)wadrked well  products2p and 2q exclusively (entries 16 and 17). 4-Bromo-
to furnish the para-brominated producks-2r in excellent 2,6-diisopropylphenolr was observed in excellent yield from
yields.16 In parallel with anisolta and phenolc, naphthalen-1-  phenol grafting two isopropyl groups at the orthaifion (entry
ol 1d and 1-methoxynaphthaleri® were para-brominated at 4- 18).17 It's worth mentioning that only 4-brominajeeducts2a,
position to give productga, 2c, 2d and2b (entries 1-4). While 2b, 2p, 2q and2r were obtained in these crude reaction mixtures,
naphthalen-2-ole was brominated at ortho-position providing 1- and no di- or tri-brominated products were detectesly tri-
bromonaphthoRe in >90% vyield (entry 5). Phend¥, 1g, 1h, 1i, brominated producic was detected by LC-MS analysis of the
1j, 1o bearing a functional group (methyl, chloro, methox crude reaction mixtures. In all of the above catlesse ratios of
ethoxy, hydroxyl, or phenyl group) at the orthoditios could desired brominated products were more than 95%eimktained
also be brominated, providing expected para-brotathproducts products. Based on above result, it is suggested plara-
2f, 2g, 2h, 2i, 2j, 20 exclusively, as evidenced by the 1H NMR regioselectivity is observed for the brominationtieé alkoxyl /
spectroscopic analysis of these crude reactionumgst in >80%  hydroxyl arenes and the chemo-selective property open up
yield (entries 6-10 and 15). Phent# and 3-fluorophenolln more opportunities for long steps of total syntegsi but also
with the hydroxyl group or fluoro group at meta-fiimsi (entries  have extensive application opportunities in muétiphdustry
11 and 14) were also competent substrates in #msformation, fields.
and 4-brominated producgk and2n were afforded in 84% and

Table 2. Different substrates evaluated in bromination tieas.
Entry Substraté BTC (equivalent) Product By-product Isolated yik(@o) Ratio (%)
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% A substrate, TBAB and BTC in the system of ethytaieeand water at room temperature for 19 h.
® Yields refer to HPLC analysis.
The above experimental evidence points out the spiéi
mechanism outlined iBcheme 2.
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Scheme 2. Plausible mechanism of the reaction.
The bromide ion, under the reaction condition, isteng 1200
nucleophile that attacks the carbonyl carbon ophtsgene
giving diphosgene and phosgene. In turn, diphosgeaets with 1000 R
bromide ion to give two molecules of phosgeisehéme 2). 800 3
Owing to the nucleophilicity for bromine ion of TBABKeeeded £ 600
that of the phosgene, the bromide ion from potasditomide by =
the phase transfer catalyst Bii attacking phosgene initially o 400
generates intermediatd.”® Due to the instability of the O 200 L
negatively charged body, the intermedidtewas added at the 0 @errrere@
carbon of phosgene to provide intermedi&é&® Meanwhile, 0 0.1 0.2 03
intermediateB is converted into a more stable intermediatby e
extruding a chloride ion. Then compoula and intermediat€ BTC (%)
obtain desired product 1-bromo-4-methoxybenzena Byiedel- :
Crafts pathway with releasing a CO, a chloride ion ané Figure 1. Experiment of the anisole with adding the amount of

equivalent phosgene. The key breakdown pathway ofriphosgene and releasing the amount of carbon rideo
intermediateC is shown in arrows. Phosgene / BTC actually acts _ )

as an oxidant with the driving force by breakdown of3. Experimental section

intermediateC in the process, which has not previously bee
reported. Based on above datalfle 1, entries 12 and 15), it is

demonstrated that product could not be detectethénsystem Reactions were monitored using Thin Layer Chromaiolyy
without BTC or TBAB. Meanwhile, the existence of CO is (TLC) using aluminium-backed Silica-Gel 60 F254 efat

proved by the alarm of CO detector. The amount efréleasing  Column chromatography was performed using Silica-6@l
CO was detected and ShoWrﬁigUre 1. FromFigUre 1, it could (Merck)_ All Chromatography was carried out using a
be Clearly observed that the amount of CO is Inﬂmgaﬂlth the combination of n-hexane and ethy| acetate as arentlu
addition of BTC. In addition, the brilliant monon@ para-  preparative TLC was performed using Silica-Gel 60 5HF366.
regioselectivity indicate that there is a reactiotermediate with  NMR spectra were recorded using a Bruker and Vari@Mi@z
much more sterict hindrance than elemental bromtsefar as  NMR instrument {H NMR at 400 MHz* C NMR at 100 MHz)

we know, only intermediat€ could match well with all the jn cDCL. All chemical shifts are reported in ppm ahdalues
profiles of the theoretical reaction intermediateview of all the  are quoted in Hz.

factors.

nGener al methods

4. Conclusion

A novel bromination method by BTC / KBr / TBAB was
reported, which provided a good potential protocar f



commercial scale applications. BTC acts as an pixidiagent to
convert KBr into a highly regioselective agent wikcellent
yield. The mechanism of “Triphosgene oxidize brosiidvas
proposed. We believe that the novel regioseledinammination
method will be a promising method for the brominatiof
aromatic compounds in pharmaceutical chemistryd fi€urther

research of aromatic bromination

into alkene salbestr is

currently ongoing.
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Highlight
1. The novel brominating protocol gives excellent pararegioselectivity of the

alkoxyl / hydroxyl arenes and high yield.
2. The triphosgene shows good oxidation properties in the method. And Potassium
bromide (KBr) provides a good bromine source in bromination reaction.

3. Themethod has good industrial application prospect.



