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Bromination and iodination of the aromatic compounds have efficiently been carried out at room temperature
and 70 °C, respectively, in short reaction times using orthoperiodic acid/sodium bromide (1:2) and
orthoperiodic acid/sodium iodide (1:2) in water to prepare the corresponding halo compounds with excellent

yields.
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Introduction

Organic halides are an important class of intermediates as
they can be converted efficiently into other functional
groups by simple chemical transformations.'? Due to the
potential utilization of aryl bromides and iodides in the syn-
thesis of aryl esters, aryl olefins and other useful compounds
and their wide applications in medicine and biochemitry,*!®
bromination and iodination of aromatic compounds have
been the subject of numerous studies. Recently, the oxidative
halogenation of organic compounds by halides have emerg-
ed as an important alternative for the synthesis of such halo-
derivatives.'”" Despite the broad choice of options, how-
ever, many bromination and iodination methodologies are
cumbersome, costly and harsh or involve the use of toxic
heavy metals, volatile organic solvents, or elemental halo-
genes which are highly corrosive, toxic or self-sublimating.
In addition, there are some environmental hazards with
respect to handling them.

From this point of view, the development of quick, in-
expensive, widely applicable and environmentally benign
iodinating and brominating agents is still an active area of
research. The uses of water as the reaction medium have
several benefits that are briefly pointed out. Water is a cheap,
ample, nontoxic non-flammable solvent. In addition, because
the polarity of water and organic materials are completely
different, we can easily isolate the products from the mix-
ture.

Results and Discussions

Herein we wish to report a new environmentally friendly
method for the efficient halogenation of aromatic compounds
using orthoperiodic acid®!"*? as the oxidant. The reactions for
bromination and iodination are carried out at room temper-
ature and 70 °C, respectively.

In this study, we report halogenations of structurally
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Scheme 1. lodination and bromination of aromatic compounds in
water.

different arenes (Scheme 1) in the water using orthoperiodic
acid as a mild and safe solid oxidant and Nal or NaBr as safe
sources of iodide and bromide without any organic cosolvent.

To optimize bromination reaction conditions, we first
studied oxidative bromination of N, N-dimethylaniline (DMA)
as a model compound using NaBr in the presence of ortho-
periodic acid in water at room temperature. We found that
the optimized molar ratio of NaBr/DMA /orthoperiodic acid
was 1:1:0.5 mmol in 2 mL of water. The reaction proceeded
well with excellent para selectivity within 5 min (TLC).
After work up of the reaction mixture, the 4-bromo-N,N-
dimethylaniline was isolated in 96% yield. After optimization,
in model condensation reaction, the scope and the generality
of the present method were demonstrated by the bromination
of various aromatic comounds such as phenols, aromatic
amines, and arenes. As can be seen in Table 1, the results
indicate that aromatic electrophilic bromination proceeds
well at room temprature in water using orthoperiodic acid/
sodium bromide (1:2) system for electron -rich aromatic
compounds. Yields are good to excellent, and selective mono
bromo products have been obtained. Phenol gives sluggish
reaction under this condition, but increasing amount of
orthoperiodic acid to 1.5 and NaBr to 3 equivalent leads to
obtain 2,4,5-tribromophenol in 70%.

Other unactivated aromatic compounds such as benzonitrile
and furfural not react even after prolong reaction time (48
hours). Using the difference of the reactivity’s we could
achieve chemoselective bromination of activated aromatic
compounds in the presence of unactivated ones could be
achieved. Even though orthoperiodic acid/sodium bromide
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Table 1. Bromination of aromatic compounds using orthoperiodic
acid/sodium bromide (1:2) in water at room temperature®
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Table 2. lodination of aromatic compounds using orthoperiodic
acid/sodium iodide (1:2) in water at 70 °C*

Time Yield

Product (hmin) (%)’

Entry Substrate

Time Yield

Product (h:min) %)

Entry Substrate
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9All products were characterized by IR, 'H NMR and "*C NMR
spectroscopic data, and melting points. ®Yields refer to isolated products.
“Reaction coditions: orthoperiodic acid (1.5 mmol), NaBr (3 mmol),
phenol (1 mmol) in water at rt.

(1:2) is capable of oxidizing alcohol,® it remains intact
during the bromination of aromatic nucleus (Entry 3).

To extend the application of this method in organic reac-
tions and transformations, we have also studied iodination of
aromatic compounds with orthoperiodic acid/sodium iodide
(1:2) in H»O as solvent (Table 2). We first studied oxidative
iodination of N,N-dimethylaniline (I mmol) as a model
compound using Nal (1 mmol) in the presence of ortho-
periodic acid (0.5 mmol) in water at room temperature. In
contrast with our expectation, the product yield was low
(15%) within a long reaction time (4 h). To increase the
yield, the reaction was tested under heating at 70 °C.
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9All products were characterized by IR, 'H NMR and 'C NMR
spectroscopic data, and melting points. *Yields refer to isolated products.

Increasing the temperature caused the reaction to proceed
very well and 4-iodo-N, N-dimethylaniline was isolated in
93% yield within 5 min.

To generalize this application, we have used various
materials with the different structure arenes of such as N-
phenylmorpholine, N’ N/, N® N%-tetramethylnaphthalene-1,8-
diamine, phenol, 1,3-dimethoxybenzene, N-phenyl-1-aza-
15-crown-5 subjected to iodination reaction using ortho-
periodic/sodium iodide (1:2). The results are tabulated in
Table 2. One of the most important results was the iodination
of phenol which produced two products that were separated
by plate chromatography technique to achieve the desired

2H% 1047+ 2X =——=

Xy + HO + |03_

A+ Xp — ArX + HX

Scheme 2. Mechanism for the formation of haloarenes.
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Figure 1. UV-Vis spectra of sodium bromide, orthoperiodic acid,
orthoperiodic acid/sodium bromide (1:2) in aqueous media.
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Figure 2. UV-Vis spectra of sodium iodide, orthoperiodic acid,
orthoperiodic acid/sodium iodide (1:2) in aqueous media.
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Figure 3. UV-Vis spectra of sodium iodide/iodine, orthoperiodic
acid /sodium iodide (1:2) in aqueous media.

products. They were verified to be 2-iodophenol and 2,6-
iodophenol by 'H and *C NMR techniques. The results were
compared with credible sample.**

A mechanistic rationale portraying the probable sequence
of events is given in Scheme 2.

To obtain more evidence in support of the proposed
mechanism, we conducted the following experiments. The
UV-visible spectra of NaX and orthoperiodic acid showed
strong absorption bands <285 nm (Figures 1 and 2). After
the addition of 0.5 mmol of orthoperiodic acid to 1.0 mmol
of NaX in water, the colorless solution of X~ was immediate-
ly changed to a colored solution of X, (brown and orange for
I; and Br; solutions, respectively) and the UV-visible spectra
of mixtures did not show any absorption at < 285 nm. This is
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very strong evidence for the in situ generation of X, species
in the mixtures (Figures 1 and 2). Also, comparing UV-
visible spectra of the solutions of Nal/l, (1:1) and ortho-
periodic acid/sodium iodide (1:2) demonstrated that all Amax
of the two solutions are identical (Figure 3).

Conclusion

Finally, we have presented a green protocol for iodination
and bromination of aromatic compounds in the water
medium without any organic cosolvent using NaBr or Nal/
HsIOg¢/water system instead of organic solvent medium and
the iodination of phenol without oxidation. Singular regio-
selective product is one of the good characteristics of this
protocol.

Experimental Section

General Procedure for Bromination or Iodination and
of the Arenes with NaBr or Nal. To a soultion of NaBr or
Nal (2 mmol) in water (4 mL), arene (2 mmol) and ortho-
periodic acid (1 mmol) were added at room temperature or
70 °C, respectively. After sufficient reaction time (Table 2),
the resulting reaction mixture was treated with Na,S,O;3
solution (10 mol %, 5 mL) and the mixture was extracted
with Et,O (3 x 10 mL) and dried over anhydrous Na;SOs.
After filtration and evaporation of the solvent, crude product
was obtained. Further purification was carried out by
crystallization in suitable solvent like n-hexane.

Typical procedure for bromination of N-phenyl morpho-
line using NaBr and orthoperiodic acid in waer at room
temprature

To get a solution of NaBr (1 mmol, 103 mg) in water (2
mL), added N-methylmorpholine (1 mmol, 163 mg) and
orthoperiodic acid (0.5 mmol, 228 mg) were added at room
temperature- and the mixture was stirred vigorously for 55
min. After the completion of reaction that was indicated by
TLC, the reaction mixture was transferred to a separatory
funnel and aqaous Na,S,03 (10%, 5 mL) was added. The
aqueous fraction was extracted with Et;O (3 x 10 mL). The
organic layer was dried with Na,SO, and the mixture was
filtereated. The solvent was removed by simple distillation
to give a crude product (225 mg, 93%). Further purification
was carried out by crystallization from cold hexane to afford
a pale yellow crystalline product (217 mg; 91%), mp 110-
112 °C, which showed satisfactory analytical and spectro-
scopic properties.
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Characterization of the products. Table 2, Entry 7: white solid, mp
39-41 °C; 'TH NMR (CDCls, 300 MHz): § 6.58-7.40 (m, 3H), 3.96
(s, 2H), 2.10-2.27 (s, 3H); '3C NMR (CDCl;, 75 MHz): & 19.84,
84.31, 114.68, 129.53, 130.05, 139.02, 144.33. Entry 4: orange
liquid; "H NMR (CDCls, 300 MHz): § 6.74-7.72 (m, 8H), 5.66 (s,
1H); '3C NMR (CDCls, 75 MHz): & 86.25, 122.77, 128.13,
128.94, 129.11, 129.54, 131.21, 137.45, 138.26, 151.78. Entry 8:
yellow solid, mp 37-39 °C; 'H NMR (CDCls;, 75 MHz): § 7.51-
7.54 (d, 1H), 6.21-6.35 (m, 2H), 3.70-3.73 (s, 3H), 3.76-3.79 (s,
3H); *C NMR (CDCI3, 75 MHz): & 55.58, 56.29, 74.80, 99.23,
107.07, 139.16, 158.85, 161.40. Entry 6: dark brown solid; mp
197-200 °C; '"H NMR (CDCl;, 300 MHz): § 6.91-7.33 (m, 5H),
2.78-2.88 (m, 12H); '*C NMR (CDCls, 75 MHz): & 44.49, 112.87,
120.24, 121.83, 125.16, 127.91, 137.32, 150.70. Entry 3: blue
solid, mp 66-71 °C; '"H NMR (CDCls, 300 MHz): § 6.43-6.45 (d,
2H), 7.43-7.46 (d, 2H), 4.47 (s, 2H), 3.74 (t, 4H), 3.50 (t, 4H); 1°C
NMR (CDCls, 75 MHz): 8 55.21, 60.30, 77.76, 114.80, 137.79,
147.23. Entry 1: blue solid, mp 67-71 °C; "H NMR (CDCl;, 300
MHz): § 6.54-6.51 (m, 2H), 7.46-7.43 (m, 2H), 2.94 (s, 6H); 1°C
NMR (CDCls, 75 MHz): 8 40.51, 77.69, 114.60, 137.58, 149.89.
Entry 2: brown liquid; '"H NMR (CDCls, 300 MHz): & 6.49 (d,
2H), 7.46 (d, 2H), 3.34 (q, 4H), 1.31 (t, 6H); *C NMR (CDCl;, 75
MHz): & 12.40, 44.46, 77.69, 114.33, 137.77, 147.24. Entry 5:
brown solid, mp 151-154 °C; '"H NMR (CDCls, 300 MHz): § 6.71
(d, 2H), 7.57 (d, 2H), 3.80 (t, 4H), 3.11 (t,4H); '*C NMR (CDCl;,
75 MHz): 6 48.90, 66.67, 81.64, 117.70, 137.80, 150.97. Entry 10:
brown liquid; '"H NMR (CDCls;, 300 MHz): & 6.48 (d, 2H), 7.36
(d, 2H), 3.64 (t, 20H); '*C NMR (CDCl;, 75 MHz): & 55.198,
71.172, 72.64, 74.04, 79.63, 120.16, 140.48, 150.11. Table 1,
Entry 3: brown solid; '"H NMR (CDCls, 300 MHz): & 3.73-3.50
(m, 10H), 6.59 (m, 2H), 7.22 (m, 2H). Entry 5: brown solid; 'H
NMR (CDCls, 300 MHz): & 6.80 (d, 2H), 7.29 (d, 2H), 3.09 (t,
4H), 3.78 (t, 4H).




