
Tefmhednm Vol. SO, No. 17. pp. 5139-5146. 1994 
Comkht 8 1994 ELwvier Science Lti 

Printed in Great Britain. AU rights reserved 
oo404ozOB4 s6.ooto.oo 

Pergamon 

0040-4020(94)E0176-T 

Aromatic Iodination with the 12-HgX2 Combination 

Abderrazak Bachkil, Francisco Foubelo and Miguel Yus* 

Departamento de Quimica Orgtica, Facuhd de Ciencias, Universidad de Ahante. Apdo. 59, CnOtSO AIicaate., Spain 

Abslmcf: The reaction of different ammatic compounds la-lt with iodine aad a mercury(H)-salt 2 [mercury(II) 
chloride. nitrate or triflate] ( 1: 1: 1 molar ratio) in dichloromtie at room temperature leads to the corresponding 
iod-e 3, the obtained regiochemistry being the expected. Concerning the meray salt, the observed reactivity 
decreased in the sties triflatczaitmtexhloride according to their ionic chmcter. An activation of the iodine mokade by 
the merauy(I1) salt followed by B SE reaction with the aromatic compound is poshdated 89 the possible mechanism. 

INTRODUCTION 

Iodoarenes are useful molecules in organic synthesis2 above all in carbon-carbon bond formation reactions. 

Among these processes, iodoarenes are particulary interesting in : (a) alkylation and arylation processes 

promoted by copper compoundss; (b) Heck-type reactions catalysed by palladium compound&; (c) Stille-type 

reactions with organotin compoundss; (d) iodine/lithium exchange giving hthioarenes and subsequent coupling 

with electrophiles6. Some of these reactions have been used in the synthesis of pharmacologically active 

molecules, such as 2’-deoxycytidines 7a, methotrexane analoguesTb, benzoprostacyclins7c, tetrahydro- 

benzazepinones7d and other compounds such as inodoles7e or spiroquinol ketals7r. In addition, there are some 

biologically very active molecules, in which structures, an iodinated aromatic ring is present: calicheamicine yl& 

and L-thyroxinesb could be two important representative examples. On the other hand, radioactive labeled 

iodoaromatic molecules have been used in radioimmunoassay studies and in nuclear magnetic imagi@. 

Concerning aromatic iodination procedures, the most important methodologies involve the following 

reactions : (a) direct iodination with 12; this is a thermodinamically defavoured (endothermic) and reversible 

reactionic, which needs the help of an oxidantii, a metallic salttz or aluminats. (b) Iodination with an iodide 

and an oxidantt4. (c) Iododemercuration 15 and iododetalationt6. (d) Other more sophisticated procedures, such 

as the use of electrochemical reactionsi7, iodoamidests, iodonium saltsis or transiodination processes 20. To our 

best knowledgement, only one aromatic iodination reaction using a mercury(I1) salt compound for the iodine 

activation [mercury(II) oxide] under strong acidic conditions has been described2i. We have recently discovered 

that the iodine-mercury(I1) salt combination is a good reagent for the direct iodofunctionalisation of different 
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substrates such as olefins and diene&a-d, alkyneszze, cyclopropanes 28 or carbonyl compounds2zs. In the 

present paper we report the application of this combination for the direct iodination of different arenes. 

RESULTS AND DISCUSSION 

The reaction of arenes la-t with iodine and a mercury(I1) salt 2a-c (1: 1: 1 molar ratio) in dichloromethane at 

ambient temperature overnight led to the formation of the corresponding iodoarene (Scheme 1 and Table 1). 

i ArH + I, + HgX, - Art + HX + HgXl 

1 a-t 2ac 3a-t 

Scheme 1. Reagents and conditions : i, CHzC12.20°C, overnight (ca. 14 h). 

AS mercury(l1) salts, commercially available mercury(l1) chloride and nitrate (2a or 2b, respectively) or 

easily prepared triflate (2e)n were used. In the case of arenes bearing electron-donating substituents ( If, h, i 

and lk-r) the iodine-mercury(l1) chloride combination was effective enough (Table 1, entries 6,8,9 and 1 l- 

19). However, for benzene itself (la) or mono-, di-alkylated systems (lb-d) and even 1,2,3-trimethylbenzene 

(le) was necessary to use the iodine-mercury(l1) nitrate combination in order to get the corresponding iodo- 

arene (Table 1, entries l-5). This combination was also adequate for the iodination of p-methoxyacetophenone 

(lj) or 1,3-dimethylnaphthalene (It): in both cases the iodination took place on the most activated aromatic ring 

(Table 1. entries 10 and 21, respectively). Finally, in the cases in which neither mercury(I1) chloride nor nitrate 

were reactive enough for the activation of the iodine molecules, mercury(l1) triflate was used for this purpose; 

thus, when the aromatic starting material beared electron-withdrawing groups, such as chlorine (lg) or an ester 

moiety (Is), the iodination was successful using the iodine-mercury(l1) triflate combination (Table 1, entries 7 

and 20, respectively). Finally, nitrobenzene was resistant to the iodination reaction even under the action of this 

last mercury(l1) salt. 

Concerning the regiochemistry of the iodination reaction, alkylated arenes gave only an iodinated product at 

the ortho orpara position (Table 1, entries 1.3-6 and 21) except in the case of toluene (lb) in which a mixture 

of both regioisomers was obtained (Table 1, entry 2). Oxygen- or nitrogen-containing substituents gave only the 

corresponding para-iodination, unless this position was occupied: in these cases the ortho-iodination took 

exclusively place (Table 1, entries S- 11 and 13- 19). In the case of aniline ( 1 k) was necessary tho use an excess 

of the arene (1: 10) in order to obtain 4iodoaniline (3k): under the standard conditions a mixture of products 3k’ 

and 3k”, resulting from ortho- and 2&diiodination was, respectively, isolated (Table 1, entry 12; compare to 

entry 11). For chlorobenzene ( lg) a mixture of 4 or 2-iodo-derivatives (3g and 3g’) was formed, the last one 

being the major compound (Table 1, entry 7). On the other hand, ethyl benzoate (1s) was iodinated at the methu- 

position as expected (Table 1, entry 20). Finally, only in one case, for the iodinauon of compound It ,we 

obtained the corresponding 2-nitro derivative 3t’ together with the iodination product 3t (Table 1, entry 21 and 

footnote g): steric hindrance is the probable cause of this strange behaviour. 
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Table 1. Preparation of Iodoarenes 3. 

ArH HI& producta 

Entry no. fornula no. xb no. fornwla yield (%)c 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11e 

12 

13 

la 

lb 

IC 

Id 

le 

Me 

lf Me 

lg 

lh 

li 

li PhC 

lk 

Me 

Cl 

OH 

OMe 

OMe 

NH2 

lk 

11 

NHMe 

P)fNM 
14 lm VJ 

2b NQ 3a 

2b No, 3b+3b’ 

2b NQ 3c 

2b NQ 3d 

2b NQ 3e 

2a Cl 3f 

2c Tf 3g+3g’ 

2a Cl 3h 

2a Cl 31 

2b NQ 31 

2a Cl 3k 

2a Cl 3k’+3k” 

2a Cl 31 

2a Cl 3m 

Me 
Me Me 

I 

Ma 

OMe 

52 

92 (l.Pl)d 

73 

76 

98 

54 

75(11.5:l)d 

71 

92 

84 

44f 

34 (1.3: 1) 

75 

83 
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Table 1 (cont.) 

15 In 

16 lo 

17 

18 

19 

20 

21 

1P 

lq 

lr 

1s 

1t 

2a cl 

2a Cl 

2a Cl 

3n 

30 

3p 
a 

43 

45 

48 

2a Cl 39 

2a Cl 3r 

2c Tf 3s 

2b NQ 

a The isolated products 3 were z-9596 pure (GLC and 300 MHz tH NMR). b Tf=CFsSOa. = Isolated yield after 

flash chromatography (silica gel, hexane/ethyl acetate) based on the starting arene 1; in parenthesis the 

corresponding regioisomers ratio after chromatogmphic sepamtion. d Regioisomers ratio determined by GLC; 

the minor isomer could not be obtained in pure form. e An excess of aniline ( lW2a: 10/l) was used. f Isolated 

yield based on the mercury(Ii) salt Za. s 1,3-Dimethyl-2nittonaphthalene (3t’) was also obtained (44%). 

From a mechanisti; point of view, we think that the first process is an activation of the iodine molecule, 

which is polarised by the soft-soft interaction with the mercury(II) salt increasing the electrophility of the iodine 

and , consequently, its reactivity toward the starting arene. Another posible mechanistic pathway would involve 

a two-steps reaction; first an aromatic mercuration followed by an iododemercuration processi However, the 

last possibility can be ruled out, at least in the case of non-activated arenes, because their reaction in absence of 

iodine did not take place under the same standard reaction conditions (for instance, using alkylated arenes as 

starting material). 

From the results included in this paper we concluded that the iodine-mercury(I1) salt combination*2 is an 

adequate reagent for the direct iodination of aromatic compounds. According to the ionic character of the 

mercury(I1) salt we found that the reactivity of the combination decreases in the series triflate>nitra~hloride. 
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EXPERIMENTAL PART 

Getter&- M.P.‘s are uncorrected and were measured on a Reichert thermovar apparatus. IR spectra were 
determined with a Pye Unicam SP3-200 spectrometer. W and W NMR spectra were recorded in a Bruker AC- 
300 using CDCl3 as solvent and SiMe4 as internal standard; chemical shifts are given in 8 (ppm) and the 
coupling constants (.I) are measured in Hz. MS (EI) were recorded with a Hewlett Packard EM/CG HP-5988A 
spectrometer. The purity of volatile distilled products and the chtomatographic analyses (GLC) were determined 
with a flame ionization detector and a 12 m HP- 1 capillary column (0.2 mm diam., 0.33 pm film thickness). 
using nitrogen (2 ml/min) as the carrier gaS,Tin+tc -270°C. T~,&WC (3 min) and 60-27oOC (15Wmin). 
Thin layer chromatography (TLC) was carried out on Scheleicher & Schnell F15OO/I_S 254 plates coated with a 
0.2 mm layer of silica gel, using a mixture of hexane/ethyl acetate as eluant; R~vaIues are given under these 
conditions. Microanalyses were performed in the Microanalyses Service at the University of Alicante. All 
reagents were commercially available (Aldrich) and were of the best grade. 

Preparation of Iodinated Arenes 3. GeneralProcedure.- To a suspension of the aromatic derivative 1 (2.5 
mmol24) and the mercury(B) salt 2 (2.5 mmol) in dichloromethane (10 ml) was added iodine (0.79 g, 2.5 
mmol). The mixture was stirred overnight (cu. 14 h) at room temperature. The formed precipitate was filtered off 
and the filtrate washed with aqueous 0.1 M sodium thiosulfate (5 ml) and a saturated aqueous solution of 
potassium iodide (5 ml). The organic layer was dried with sodium sulfate, the solvent was evaporated under 
reduced pressure (15 Torr), and the residue was purified by distillation, column chromatography (silica gel, 
hexane/ethyl acetate) or recrystahisation (hexanelchloroform) to give compounds 3. Compounds 3sb, 3g-I, 3k 
and 3k’ were characterised by comparison of their spectroscopic data (IR, iH and W NMR) with 
commercially available authentic samples (Aldrich). For the rest of compounds 3, yields are included in Table 1; 
physical and spectroscopic data follow2X 

4-Zsopropyliodobenzene (3c)W Rf0.68 (hexane); v,, (film) 2950,1640,1000,815.710 cm-r; &H 1.25 [6 H, 
d, 3=6.9, (CH3)2CH]. 2.85 [l H, heptet, b6.9, CH(CH3)2], 6.96 (2 H, d. 5=8.3, ArH), 7.59 (2 H, d, 5=8.3, 

ArH); k23.8 (CH3). 33.7 (CH), 90.6 (CI), 128.6, 137.3, 148.5 (ArC); m/z246 (M+, 74%) 231 (RX), 104 
(73), 77 (21), 51 (16) . 

2,5-Diisopropyliodobenzene (3d)Y Rf0.74 (hexane); vmax (film) 3030,2950, 1600, 1400, 1020, 830, 670 

cm-r; 8~ 1.20 [6 H, d, 5~6.8, (CH3)2CH], 1.22 [6 H, d, J=7.0, (CH3)2CH], 2.67-2.8 5 [1 H, m, 
CH(CH3)2], 3.10-3.19 [I H, m, CH(CH3)2], 7.14 (1 H, S, ArH), 7.15 (1 H, d, J=1.6, ArH), 7.67 (1 H, d, 

5~1.6, ArH); 6~ 23.15 [( CI++)$JH], 23.6 [( CH3)2CH], 33.2 [ CH(CH3)2], 37.65 [ CI-I(CI-&)~], 101.25 (CI), 
125.6, 126.7, 137.5, 147.6, 148.4 (ArC); nJz 288 (M+, 50 %), 273 (100). 131 (17) 91 (10). 

2,3,4-Trimethyliodobeenzene (3e)W RfO.60 (hexane); vmax (film) 2920, 1630, 1450, 1130, 990. 800 cm-r;S, 
2.19 (3 H. s, CH3), 2.25 (3 H, s, CH3), 2.41 (3 H, s, CH3), 6.64 (1 H, d, J=8.0, ArI-I), 7.56 (1 H, d, J=8.0, 

ArH);& 17.3 (CH3), 20.5 (CH3), 25.8 (CH3), 99.25 (CI), 129.15, 136.15, 136.2. 136.55, 138.70 (ArC); 
m/z 246 (M+, 100 %), 245 (15), 127 (lo), 119 (37), 91 (27) 77 (12). 

2.4.6Trimethyliodobenzene (3929: m.p. 29-30°C (hexanelchloroform); vmax (KBr) 3020, 2910, 1460. 1370, 

1005,850,755,685 cm-l; 8H 2.25 (3 H, s, CH3), 2.42 (6 H, s, 2xCH3). 6.86 (2 H, s, ArH); S, 20.8 (CH3), 
29.45 (2xCH3), 104.2 (CI), 127.9, 137.25, 141.7 (ArC); m/z 246 (M+. 100%). 119 (53). 117 (18), 91 (41) 
51 (12). 

3-Iodo-4methoxybenzophenone (3j)25: m.p. 71-72°C (hexane/chloroform); v,x (KBr) 3025, 3005, 2925, 

1650, 1585, 1260, 1015, 700 cm-t; &t 3.95 (3 H, s, GCH3), 6.86 (1 H, d, 5=8.6, ArH). 7.21 (2 H, t. 5=7.2, 
ArH), 7.33 (1 H, td, 5=7.1, 1.4, ArH), 7.73 (2 H, dd, 5=7.2, 1.4, ArH). 7.81 (1 H. dd. 5=8.6, 1.9, ArH), 
8.28 (1 H, d, J=1.9, ArH); $56.5(GCHa), 85.6 (CI), 109.8, 128.2, 129.6, 131.7, 132.15, 132.4, 137.5, 
141.5, 161.25 (ArC), 193.9 (C=O); mlz 338 (M+, 77%). 261 (100). 105 (31). 77 (29). 

2,4_Diiodoaniline (3k”)W m.p. 9596°C (hexane/chloroform); v,,,,, (KBr) 3370, 3260, 1610, 1470, 1380, 

1220, 1020, 760 cm-t:& 4.12 (2 H, br s, NH& 6.51 (1 H, d, J=8.4, ArH), 7.35 (1 H, dd, J=8.4, 1.9, ArH), 
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67Ocm1; bH2.43 (3 H. s, CH3). 2.64 (3 H. s, CHa), 7.15 (1 H, s, ArH). 7.52-7.57 (2 H. m. ArH), 7.71 (1 

H. dd, 5=7.2. 2.0, ArH), 7.95 (1 H. dd, 5=7.8, 2.8. ArH); 8c 17.65 (CH3). 19.3 (CHs), 121.6 , 124.15, 
124.65, 126.3, 127.0. 127.9. 128.5. 131.1.137.5, 146.5 (ArC); m/z 201 (M+,58%), 184 (lo), 154 (21). 115 
(42). 77 (14), 63 (16) (Found C. 71.1; H, 5.6; N, 6.7. C12HH11N@ requires: C. 71.63; H, 5.51; N, 6.96). 
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