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A convenient method for selective mono- and diiodination of alkyl
aryl ethers by mercury(II) oxide—iodine reagent in dichloromethane
is reported.

In connection with our study on lignan synthesis, based
on the f-scission of alkoxyl radicals which are generated
by photolysis of the hypoiodites prepared by treating the
corresponding alcohols with mercury(Il) oxide-iodine
reagent,' it became necessary to investigate the reactivi-
ties of the reagent toward aromatic compounds. Accord-
ing to a survey of the literature, in 1908 Kauffmann and
Fritzreported iodination of hydroquinone dimethyl ether
by mercury(II) oxide—iodine reagent.? Similar aromatic
iodinations have since been carried out by Kauffmann?®
and others*~!? using EtOH or benzene as solvent. How-
ever, the relative reactivities of alkyl aryl ethers to the
reagent are still unclear. This prompted us to examine
the reactions of alkoxy-substituted benzenes and naph-
thalenes with the reagent, and we now wish to report a
convenient method for the selective iodination of alkyl
aryl ethers using mercury(Il) oxide-iodine reagent in
dichloromethane.

The preliminary experiments revealed that the present
method induced a highly selective aromatic iodination
in an electrophilic manner. For instance, when 1,3,5-
trimethoxybenzene, the most reactive alkyl aryl ether
used in the present study, was treated with mercury(1I)
oxide and iodine (each one mol equiv) in dichlorometh-
ane (0.25 M), iodine was consumed at room temperature
within 6 min to produce a monoiodo derivative quanti-
tatively. 1,3-Dimethoxybenzene required 20 min to pro-
duce 1-iodo-2,4-dimethoxybenzene. Anisole provided 4-
iodoanisole after 7 h. Increasing the ratio of the reagents
to 3:3, diiodination of 1,3,5-trimethoxybenzene was
completed after 15 min. 1,3-Dimethoxybenzene required
30 min to be iodinated completely into 1,5-diiodo-2,4-
dimethoxybenzene. In contrast, anisole gave no diiodide.

On the basis of the above results, a variety of alkyl aryl
ethers were further examined for the selective iodination
using mainly 1:1, 3:3 and 5:5 molar ratios of mercu-
ry(Il) oxide and iodine. The results are shown in Tables
1-3. Alkylbenzenes, such as toluene, xylene and tetralin,
were recovered unchanged. Iodination of benzyl phenyl

Table 1. Iodination of Monoalkoxybenzenes and -naphthalenes with HgO—I, in CH,Cl,

Entry Substrate HgO-1,0 Product Yield (%) mp (solvent) or bp/pressure (Torr)
(mol ratio)/ Crude/Purified (Lit. mp or bp) (°C)
Reaction Time (h)
OCH,Ph
1 PhOCH,Ph 1:1/12 94/87 60—61 (McOH)
, (61-6228)
OMe
2 PhOMe 1:1/7 : 92/84 51-52 (aq MeOH)
| (52,2° 53-5528)
CHs
2 OMe
3 0-MeC H,OMe 1:1/2.5 100/92 75-76 (MeOH)
7 (75-76,3° 77-78,% 79-80%F)
CHg
4 m-MeCH,OMe 1:1/0.5 '\©3 94/76 44 (McOH)
s N7 0Me (42-44,78 43-45%")
CH3
5 m-MeC H,OMe 7:7/20 : 3 97/80 100-102
s Y 0OMe (CH,Cl,—MeOH)
('3H3 (102-1033Y)
6 p-MeCH,OMe 1:1/10 L 99/77 57-58/0.2
p (30.5-31,28 30-3132)
|
OMe
7 2-MeOC, H, 1:1/40 min 3 100/87 89 (pet. ether)®
: (88,2° 88-8923)
OMe
8 1-MeOC, H, 1:1/1 z 100/72 52-54 (MeOH)
(52-55,33 54-563%)

? Petroleum ether bp 30-60°C.
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Table 2. Todination of Di- and Trialkoxybenzenes with HgO—I, in CH,Cl,

Entry  Substrate HgO-1,0

Product

Yield (%) mp (solvent) or bp/pressure (Torr)

(mol ratio)/ Crude/Purified (Lit. mp or bp) (°C)
Reaction Time (h)
| 2
9 1,2-methylenedioxybenzene  1:1/9 \(jo) 79/50 78.5-79/0.7
SN0 98/1,1° 116-125/10%%)
I 0
10 1,2-methylenedioxybenzene  5:5/23 )@[ > 75/52 93-95 (MeOH—Et,0)
I 0 (82-83%%)
I OM
1 1,2-dimethoxybenzene 1:1/3 \(j e 98/86 68-74/0.2
6 2 OMe (3373428)3
I OMe
12 1,2-dimethoxybenzene 5:5/16 ]CEOMe 91/81 133-134 (MeOH)
! (132,76 134,29 132-133.5%%)
OMe
|
13 1,3-dimethoxybenzene 1:1/20 min \©3 99/84 77/0.2
S5 0Me (40,3 40-41,7 163/14%)
OMe
I
14 1,3-dimethoxybenzene 3:3/0.5 @3 88/86 199-200 (CH,Cl,—MeOH)
YoM (198-1995:2%, 200-202°7)
OMe
|
15 1,4-dimethoxybenzene 1:1/7 :@ j 88/72 70-75/0.2
_ 49 2
Lo (118-120/3-4,° 157/10%)
OMe
|
16 1,4-dimethoxybenzene 5:5/36 \©\I 85/72 170-170.5 (CH,Cl,—Et,0)
38 2,29,36 28
e (167-168,% 171, 171-172%%)
OMe
i M
17 1,2,3-trimethoxybenzene 1:1/35 min \@gMe 98/82 90/0.4 )
J (41-42,* 40-42%)°
OMe
|
18 1,2,3-trimethoxybenzene 5:5/10 C[g::e 86/76 54 (MeOH)
e
|
OMe
OMe
19 1,2,4-trimethoxybenzene 1:1/7 /@f 99/72 67.5-68.5 (CHZCIZ—MegH)
1 71 6,39 37 70
e (70-71,%3% 170,37 70-723%)
OMe
|
20 1,3,5-trimethoxybenzene 1:1/0.1 ]@ 99/87 122-123 (CH,Cl,~MeOH)
MeO OMe (119-121,%° 122-12311)
OMe
21 1,3,5-trimethoxybenzene 3:3/0.25 'j@(' 99/92 134-135 (CH,Cl,—MeOH)
MeO OMe (133.5%8%)

2 Lit. value given as mp.

ether thus took place regioselectively only at the 4 posi-
tion of its phenoxy group (entry 1). Kihara and colleagues
reported that iodination of N-acetyl-3,4-dimethoxy-S-
phenethylamine at its 5 position was achieved by using
DMSO as solvent, but not in EtOH.!? We found that
this iodination proceeded smoothly by our method in
spite of a heterogeneous state using CH,Cl, as solvent.
Monoalkoxy-substituted benzenes selectively afforded
the monoiodides in good yields (entry 1-8). m-Meth-
oxytoluene could be converted into the diiodide in good
yield by treatment with HgO and I, (each 7 equiv) for
20 h (entry 5 in Table 1). Most of the di- and trimeth-
oxybenzenes afforded the diiodides in excellent yields

(Table 2). Selective diiodination of 1,2 4-trimethoxybenz-
ene failed.

Iodination of methylenedioxybenzene proceeded slower
than that of 1,2-dimethoxybenzene to give the corres-
ponding mono- and diiodides (entry 9, 10, 22). This can
be accounted for by a lower electron-releasing effect of
the methylenedioxy group, compared with that of the 1,2-
dimethoxy group.!® No triiodide was formed in any ca-
ses, even at the boiling temperature of CH,Cl,. Iodina-
tions of alkoxy-substituted bromobenzenes (entry 22—-27)
proceeded slower than those of the corresponding iodo-
benzenes, but gave the monoiodides in good yields (Table
3).
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Table 3. Todination of Di- and Trialkoxylbromobenzenes with HgO~1I, in CH,Cl,

Entry Substrate HgO-I1,0

Product

Yield (%) mp (solvent) or bp/pressure (Torr)

(mol ratio)/ Crude/Purified (Lit. mp or bp) (°C)
Reaction Time (h)
Br o) 8
2 @ ) 2:2/29 Br]@[0> 52/45 70-71 (pet. ether)®
(o] I 0
Br OMe Br OMe
23 2:2/24 - 2
@OMe / | J@om 100/64 90-92 (pet. ether)
OMe C3)
Br Br
24 @ 2:2/15 @\3 100/94 169-171 (CH,Cl,—MeOH)
OMe ¢ OMe
|
OMe
Br Br 2
25 6:6/72 | 91/72 142-143 (MeOH)
OMe Ol
OMe OMe
Br OMe Br OMe
26 4:4/72 96/87 92-97/0.2
OMe I OMe
OMe Ol
Br Br |
27 2:2/8 94/89 116—117 (CH,Cl,—MeOH)
MeO OMe MeO OMe

2 Petroleum ether bp 30—-60°C.

When 1,3,5-trimethoxybenzene was treated with mercu-
ry(IT) oxide (0.25 mol equiv) and iodine (0.5 mol equiv),
the color of iodine disappeared after 10 min and 0.5 mol
of the monoiodide was obtained. This result suggests that
the iodination proceeds via a similar pathway to the
reaction of alcohols with HgO-1, to generate hypoiodi-
tes.'4~ 1€ The reaction between one mole of mercury(II)
oxide and two moles of iodine generates iodine oxide,
which act as an electrophile to iodinate two moles of the
substrates, probably through hypoiodous acid, as shown
in Figure 1. Most other current methods,!” as well as
the recently reported systems (I,~HgO-HBF,-SiO,,!8
1,-AgNO,,*° 1,-Ag,S0,,2%*! BTMA-ICI,,*?
PSVP-ICl,,*? ICI-Pyridine?#)?* for the direct iodination
of aromatic compunds require acidic or basic reagents
or solvents, and liberate acidic substances such as HI,
HCIl, H,S0,, HNO,, HIO,, HCIO,, AcOH, CF,CO,H.
The present iodination provides neutral conditions, and
the reagent is so mild that alkylbenzenes are not iodin-
ated, as described above. Carbonyl compounds, such as
acetophenone, a-tetralone and cyclohexanone, were also
unaffected under these conditions, although the HgCl,-1,
system is known to give a-iodocarbonyl compounds.?®

Hgo + 21, —— Hgl, + 1,0

f
Hzo

Figure 1

Thus, mercury(IT) oxide—iodine in CH,Cl, offers a prac-
tical system for the selective iodination of alkyl aryl
ethers.?”

Mps were measured with a Yanagimoto micro melting point appa-
ratus, and are uncorrected. Bps are uncorrected. IR spectra were
taken on a JASCO IR-810 infrared spectrophotometer. ‘H and
13CNMR spectra were recorded on a JEOL JNM—-JX270 FT high
resolution spectrometer. NMR samples were prepared using CDCl,
(99.8 atom % D, containing 0.03 % v/v TMS, Aldrich). Mass spectra
were taken on a JEOL JMS-DX300 spectrometer at 70 ¢V. Mer-
cury(Il) oxide (red) was purchased from Kanto Chem. Co. The
substrates used in this study are commercially available except 1-
bromo-2,3,4-trimethoxybenzene*! and 2-bromo-1,3,5-trimethoxy-
benzene.*?

Iodination of Alkyl Aryl Ethers; General Procedure:

A suspension of the appropriate alkyl aryl ether (5 mmol), HgO
(red, 5 mmol) and iodine (5 mmol) in CH,Cl, (20 mL) was stirred
at r.t. for the time noted in Tables, monitoring the reaction by
TLC (silica gel; benzene), and the precipitates were removed by
suction filtration. The filtrate was washed with 5% aq Na,S,0,
(20mL) and water (30 mL), dried (MgSO,), and evaporated to
dryness. The residue was crystallized from the appropriate solvent,
or distilled under reduced pressure. The 'H NMR spectra data of
the products from entries 1-17, 19-21 are listed below.

4-Benzyloxy-1-iodobenzene (Entry 1):

HNMR: é = 5.03 (s, 2H, CH,), 6.75 (AB type, J = 9.0 Hz, 2 H,
3- and 5-H), 7.37 (br s, 5H, PhH), 7.55 (AB type, J =9.0Hz, 2H,
2- and 6-H).

1-Iodo-4-methoxybenzene (Entry 2):

THNMR: 6 = 3.77 (s, 3H, OCH,), 6.67, 7.55 (AB type, J = 8.8 Hz,
2H, 3,5- and 2,6-H).

1-Todo-4-methoxy-3-methylbenzene (Entry 3):

'THNMR: & =2.16 (s, 2H, CH,), 3.79 (s, 3H, OCH,), 6.58 (d,
J=8.6Hz, 1H, 5-H), 742 (d, /=2.0Hz, 1H, 2-H), 7.44 (dd,
J=8.6,2.0Hz, 1H, 6-H).
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1-Todo-4-methoxy-2-methylbenzene (Entry 4):

'"HNMR: § =239 (s, 2H, CH,), 3.77 (s, 3H, OCH,), 6.47 (dd,
J=18.6,29Hz 1H,5H),681 (1H,d,J=2.9Hz3-H),7.65(1 H,
d, J = 8.6 Hz, 6-H).

1,5-Diiodo-2-methoxy-4-methylbenzene (Entry 5):

"HNMR: § = 2.40 (s, 2H, CH,), 3.84 (s, 3H, OCH,), 6.71 (s, 1 H,
6-H), 8.10 (s, 1H, 3-H).

1-Iodo-2-methoxy-5-methylbenzene (Entry 6):

"HNMR: 6 =226 (s, 2H, CH,), 3.85 (s, 3H, OCH,), 6.72 (d,
J=8.3Hz, 1H, 3-H), 7.09 (dd, J = 8.3, 2.0 Hz, 4-H), 7.60 (1 H, d,
J = 2.0 Hz, 6-H).

1-Iodo-2-methoxynaphthalene (Entry 7):

'HNMR: § = 4.03 (s, 3H, OCH,), 7.22 (d, / = 8.9 Hz, 1 H, 3-H),
7.38 (ddd, J =179, 6.9, 1.3Hz, 1H, 6-H), 7.54 (ddd, J = 8.6, 6.9,
1.3Hz, 1H, 7-H), 7.74 (br d, J =79Hz, 1H, 5-H), 5.83 (br d,
J=289Hz, 1H, 4-H), 8.14 (br d, J = 8.6 Hz, 1 H, 8-H).
1-Todo-4-methoxynaphthalene (Entry 8):

'HNMR: § = 3.99 (s, 3H, OCH,), 6.59 (d, / = 7.9 Hz, 1 H, 3-H),
7.50 (ddd, J = 8.3, 6.9, 1.3Hz, 1H, 6-H), 7.58 (ddd, J = 7.9, 6.9,
1.3Hz, 1 H, 7-H), 7.95(d, J = 7.9 Hz, 1 H, 2-H), 8.02 (dd, J = 8.3,
1.3Hz, 1H, 5-H), 8.23 (dd, J = 7.9, 1.3 Hz, 1 H, 8-H).

1-Todo-3 4-methylenedioxybenzene (Entry 9):

'"HNMR: § = 5.94 (s,2H, OCH,0), 6.58 (d,J = 8.6 Hz, 1 H, 5-H),
7.11(d,J = 1.5Hz, 1 H, 2-H), 7.15 (dd, J = 8.3, 1.5 Hz, 1 H, 6-H).
1,2-Diiodo-4,5-methylenedioxybenzene (Entry 10):

'HNMR: 6 = 5.97 (s, 2H, OCH,0), 7.30 (s, 2H, 3- and 6-H).

1-Iodo-3 4-dimethoxybenzene (Entry 11):

"HNMR: § = 3.85(s, 6H,20CH,), 6.61 (d, J = 8.5 Hz, 1 H, 5-H),
7.14(d, J =2.0Hz, 1 H, 2-H), 7.19 (dd, J = 8.5, 2.0 Hz, 1 H, 6-H).
1,2-Diiodo-4,5-dimethoxybenzene (Entry 12):

"HNMR: § = 3.82 (s, 6H, OCH,), 7.35 (s, 2H, 3- and 6-H).

1-Iodo-2 4-dimethoxybenzene (Entry 13):

"HNMR: § = 3.79, 3.85 (each s, 3H, 20CH,), 6.37 (dd, J = 8.6,
2.6Hz, 1H, 5H), 643 (d, J=2.6Hz, 1H, 3-H), 7.64 (1H, 4,
J=28.6Hz, 6-H).

1,5-Diiodo-2 4-dimethoxybenzene (Entry 14):

HNMR: § = 3.88 (6H, s, OCH,), 6.37, 8.03 (each s, each 1 H, 3-
and 6-H).

2-Iodo-1,4-dimethoxybenzene (Entry 15):

'HNMR: 6 =3.75, 3.82 (each s, each 3H, 20CH,), 6.75 (d,
J=9.2Hz 1H, 3-H), 6.86 (d, J = 9.2, 2.6 Hz, 1 H, 4-H), 7.34 (d,
J=2.6Hz 1H, 6-H).

1,4-Diiodo-2,5-dimethoxybenzene (Entry 16):

'HNMR: 6 = 3.82 (s, 6H, OCH,), 7.19 (s, 2H, 3- and 6-H).

1-Iodo-2,3 4-trimethoxybenzene (Entry 17):

"HNMR: 6 = 3.84, 3.87, 3.88 (each s, each 3H, 30CH;), 6.49,
7.41 (AB type, J = 9.2 Hz, each 1 H, 5- and 6-H).

1,5-Diodo-2,3 4-trimethoxybenzene (Entry 18):

"HNMR: é = 3.87, 3.88, 3.89 (each s, 3H, 30CH,), 7.89 (s, 1 H,
6-H).

EI MS: m/z = 420 (M ™, 100), 405 [(M — CH,)*, 23.6].

Anal. Cale. for C,H, 1,04 C, 25.34; H, 2.40; 1, 60.43. Found: C,
25.61; H, 2.41; 1, 60.33.

1-Todo-2,4,5-trimethoxybenzene (Entry 19):

"HNMR: § = 3.83, 3.87, 3.89 (each s, each 3H, 30CH,), 6.57 (s,
1H, 3-H), 7.04 (s, 1 H, 6-H).

2-Iodo-1,3,5-trimethoxybenzene (Entry 20):

'HNMR: 6 = 3.82 (s, 3H, OCH,), 3.86 (s, 3H, 20CH,), 6.17 (s,
2H, 3- and 5-H).
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1,3-Diiodo-2,4,6-trimethoxybenzene (Entry 21):

THNMR: § = 3.90 (s, 9H, 30CH,), 6.25 (s, 1 H, 5-H).
1-Bromo-2-iodo-4,5-methylenedioxybenzene (Entry 22):

'HNMR: 6 = 5.99 (s, 2H, OCH,0), 7.10 (each s, 1 H, 6- and 3-H).
EI MS: mjz = 327 (M™*, 99.1), 326 (M, 100), 201 [(M — D)*, 13.8],
199 [(M — D)7, 13.7].

Anal. calc. for C;H,BrlO,: C, 25.72; H, 1.23; Br + I, 63.26. Found:
C, 25.44; H, 1.21; Br + 1, 63.16.

1-Bromo-2-iodo-4,5-dimethoxybenzene ( Entry 23):

"HNMR: 6 = 3.84 (s, 6 H, 20CH,), 7.08, 7.23 (each s, each 1 H,
6- and 3-H).

EI MS: m/z =344 (M*, 96.7), 342 (M*, 100), 329 [(M — CH,)",
29.01, 327 [M —D)*, 60.6].

Anal. calc. for CgHgBrlIO,: C, 28.02; H, 2.35; Br + I, 60.30. Found:
C, 28.10; H, 2.40; Br + L, 60.07.

1-Bromo-5-iodo-2 4-dimethoxybenzene (Entry 24):

"HINMR: 6 = 3.88, 3.90 (each s, each 3H, 20CH,), 6.43, 7.84
(each s, each 1H, 3- and 6-H).

EIMS: m/z = 343 (M ™, 99.2), 341 (M, 100), 328 [(M — OCH,)",
12.6], 326 [(M — OCH,)*, 13.2].

Anal. calc. for C;HgBrlO,: C, 28.02; H, 2.35; Br + I, 60.30. Found:
C, 27.90; , 2.33; Br+1, 60.05.

1-Bromo-4-iodo-2,5-dimethoxybenzene (Entry 25):

"I NMR: 6§ = 3.83, 3.84 (each s, each 3H, 20CH,), 7.14, 7.29
(each s, each 1H, 6- and 3-H).

EI MS: m/z =344 (M*, 97.9), 342 (M, 100), 329 (M — CH,)",
58.6], 327 [M —D)*, 27.7].

Anal. calc. for C;HgBrIO,: C, 28.02; H, 2.35; Br + I, 60.30. Found:
C, 28.09; H, 2.38; 1, 60.19.

1-Bromo-5-iodo-2,3 4-trimethoxybenzene (Entry 26):

"HNMR: 6 = 3.89 (s, 3H, OCH,), 3.90 (s, 6 H, 20CH,), 7.68 (s,
1H, 6-H).

EI MS: m/z =373 [(M —=H)", 99.0], 371 [(M —H)™*, 100], 358
(M —CHp)*, 29.7], 356 [(M — CH,)", 30.4}.

Anal. calc. for C,H, (BrIO,: C, 28.98; H, 2.70; Br + I, 55.45. Found:
C, 29.04; H, 2.85; Br + 1, 55.48.

2-Bromo-4-iodo-1,3,5-trimethoxybenzene (Entry 27).

"HNMR: § = 3.86, 3.90, 3.91 (each s, each 3H, 30CH,), 6.31 (s,
1H, 5-H).

EI MS: m/z =374 (M ™, 96.1), 372 (M, 100).

Anal. calc. for CoH, ,BrlO,: C, 28.98; H, 2.70; Br + I, 55.45. Found:
C, 29.19; H, 2.76; Br + 1, 55.65.

N-Acetyl-2-iodo-4,5-dimethoxy-B-phenethylamine:

This iodide was obtained by treatment of N-acetyl-3,4-dimethoxy-p-
phenethylamine with HgO-1, (3:3) for 4 h, in the same manner as
noted above, in 88 % yield, mp 109-110°C (benzene) (Lit.'? mp
110-111°C).
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