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1. INTRODUCTION

Among aromatic halides, iodoarenes are the most reactive and form an important class of intermediates in organic synthesis,
especially in radical and transition metal mediated coupling,* nucleophilic displacement reactions and pharmaceutical research.
Research towards the selective and direct introduction of electrophilic iodine into the aromatic nucleus has been widely carried
out.? As iodine shows moderate reactivity towards most aromatic substrates, compared to chlorine and bromine, its electrophilicity
is enhanced with the help of oxidizing agents such as chromium trioxide, diiodine pentoxide, silvertrifluoro acetate, lead acetate,
etc.>® More recent methods used for generating an activated iodonium specie’ from iodine are HIO3 / AcOH / AcyO / conc.

HoS0y, ® NalOy / AcOH / AcyO/ conc. HySOy, ? onic liquids such as [bmin][PFg], [bpyr][BF 4], phenyltrimethylammonium
dichloroiodate / [omin][[PFg] and N-iodosuccinimide / CF3COOH ***2.

However, a majority of these methods employ toxic reagents with excess of solvents, catalysts or co-catalyst and tedious
procedures with high reaction temperature and operational times. In certain cases a mixture of mono and polyiodinated products
was obtained.

As a consequence of our studies involving organic transformations utilizing benign methodologies we wish to report that
a combination of the mild oxidizing agent, quinolinium chlorochromate®® (QCC) and elemental iodine provides a good and
efficient reagent for generating an activated iodonium ion. In the present communication the application of this reagent has been
carried out on different aromatic precursors to yield the monoiodinated compound as the major product. We investigated other
oxidizing agents and found that QCC was the most effective (Table 1).

Table 1: lodination of arenes using various oxidants.

13-17

. MWI Time Thermal Heating Yield
S.No. Oxidant (min) ) (%)
1. None 5 24 0
2. KmnO, 2 24 0
3. K,Cr,0; 2 15 0
4. HgCl, - 12 45
5. UHP 6 15 30

In a typical experiment (Scheme 1) a mixture of QCC (1lequiv) freshly prepared as reported in literature, *® iodine (2.5equiv)
and arene (lequiv)[carrying an electron releasing substituent 1a and 1c] was exposed to 160W of microwave energy in a domestic
microwave oven (LGMS-194A, 800W) for 2-5min®.
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Scheme 1

After work-up and purification via column chromatography (hexane or 2% ethyl acetate in hexane) the para-iodinated arene
was isolated as the only or major product in moderate to very good vyields. Parallel studies were conducted employing
conventional conditions, in which a mixture of QCC (1 equiv), iodine (2.5 equiv) and arene (1 equiv) was refluxed in anhyd
CH,CI,, it was observed that refluxing in the absence of the solvent greatly increased the reaction time with reduced yields. The
dichloromethane used in the work up was recovered on distillation and utilized for subsequent work ups.

The products were characterized by "H NMR spectral data and by comparison with authentic samples. Results of a number of
commercially available arenes subjected to reaction with QCC /1, on MWI are given in Table 2..

Table 2: QCC-I, mediated solvent-free iodination of arenes 1 to iodoarenes 2

S.No. Reactant Product(s) Microwave Conventional
Irradiation at Thermal
160W Heating
Time VYield TiME Yield
(min) (%) (h) (%)
OCHjs OCHs
1 ©/ ,Q/ 2 87 2 80
la 2a
OCHs OCHgs
2 ©:OCH3 1 /©:OCH3 2 88 5 71
1b 2b
NH; NH>
3 ©/ .O 4 75 6 68
1c 2c
2L |
4. H3CO NH, H3CO/©[NH2 2 79 6 70
1d 2d
CHs CHa
5. @ @ 2 81 5 75
CHs ! CHs
le %
CHs CHs
|
6. Q /C[ 2 80 5 73
HaC CHz HsC CHz
1f 2f
I
7 2 75 3 70

19

29
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OH OH
8. 2 70 4 72
1
1h 2h
OCH; OCHg
9 2 8 3 88
1 2i '
U\
10. s @—I 2 88 15 75
1i 2j
CH3 CH3 CH3
11. @ ,O + @ | 2 74P 2 69

j
1k 2k 2
OH OH CHs
12. ©/ ,O* @[, 3 68*° 6 54
1 21 2r
CHs CHs
CHs CH3 CH3
CHs +
13. ! ! 2 76¢¢ 5 70
1

m 2m 2m’

CH,0H CHO CHO
: HaCO OCHs H3CO OCH3 H3CO | OCH3

5 79%°¢ 10 68
In 2n 2n’
CHyClI CHO
15. ©/ ©/ 2 79 4.5 72
1o 20
U\
16. N Polymerized 2 - 2 -
H

1p
2 Overall yield of reaction. P Ratio of isomer yields of 2k and 2k’ (3:2) was determined on the basis of 'H NMR. °Ratio of isomer yields of 2l
and 2I° (4:1) was determined on the basis of *H NMR. ¢ Ratio of isomer yields of 2m and 2m’ (3:1) was determined on the basis of *H NMR. ¢
Ratio of yields of 2n and 2n’ (2:1) was determined on the basis of ‘H NMR.

No reaction was observed on subjection of a mixture of anisole 1a (1equiv) and elemental iodine (2.5equiv) without QCC to
microwave irradiation (MWI) at 160W, even up to 5 minutes of irradiation time. Also increase in microwave irradiation time did
not result in appreciable increase in the product yield. lodination of arenes with electron releasing substituents (entries 1-8)
proceeded with very good yields within 2-4min. Majority of the arenes gave a single product exclusively (2a-j) whereas both o-,
p-products were obtained on iodination of compounds 1k-n (entries 11-14). Benzyl chloride (entry 15) was oxidized® to
benzaldehyde within 2min and pyrrole polymerized on subjection to the stipulated reaction conditions due to the highly acidic
reaction medium. No reaction was observed in the case of benzene, benzaldehyde, acetophenone, 3,4-dihydroxybenzaldehyde,
even up to 5min of microwave irradiation and cinnamaldehyde remained unchanged with neither nuclear nor alkene induction of
iodine electrophile.
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From a mechanistic point of view, we believe that the heterolysis of 1-1 bond of elemental iodine is assisted by the metal salt

(QCC) through complexation, generating an active | * specie. The effect of which is further enhanced by the dielectric heating
effect of microwaves resulting in extremely short reaction times.

In conclusion a selective and efficient preparation of iodoarenes has been described via a process involving quinolinium
chlorochromate enhanced electrophilicity of elemental iodine, towards various arenes under solvent-free microwave conditions.
The advantage of this process is that it eliminates use of large excess of metal salts, organic solvents and toxic reagents, endorses
operational ease and good yields of the products.
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