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Introduction

Chloromethyl substituted aromatic compounds are promis-
ing key intermediates because of their easy transformation to 
a variety of fine or special chemicals, polymers and pharma-
ceuticals. The chloromethylation of aromatic compounds has 
been well documented in the literature.1–8 The oldest method 
for the synthesis of this class of compounds involves the 
chloromethylation of aromatic hydrocarbons with hydro-
chloric acid and either trioxane or paraformaldehyde in the 
absence of any catalyst;6–8 however, the reaction rate is very 
low and unsuitable for practical chemical processes. Lewis 
acids such as zinc chloride, stannic chloride, aluminium 
chloride, and boron trifluoride are excellent catalysts for this 
reaction.9–11 Among these acids, zinc chloride is an effective 
catalyst in hydrochloric acid solution. However, a stoichio-
metric amount of catalyst to substrate is required, making the 
work-up procedure tedious. These catalysts, in general, suf-
fer from the inherent problems of corrosiveness, high sus-
ceptibility to water, environmental hazards, waste control 
after the reaction, etc.12–14 Rare-earth metal triflates were 
recently reported as active catalysts for this reaction, but 
these catalysts are expensive and not suitable for industrial 
use.15,16 The use of ionic liquids17–21 and surfactant 
micelles22,23 as catalysts for the chloromethylation of aro-
matic hydrocarbons has also been reported. However, the 
ionic liquids are inevitably associated with one or more dis-
advantages, such as high cost or difficulty of synthesis. 
Therefore, it is important to replace these highly corrosive, 
hazardous and polluting acid catalysts with environmentally 
friendly catalysts which are active under mild conditions.

Here we wish to report a simple and effective chloro-
methylation of aromatic compounds with dimethoxymeth-
ane and chlorosulfonic acid catalyzed by ZnI2 in CH2Cl2 
under mild conditions (Scheme 1).

Results and discussion

We initiated our studies by carrying out the chloromethyla-
tion of benzene with dimethoxymethane and chlorosulfonic 
acid in the presence of 5 mol% of ZnI2 in CH2Cl2 at 5−10°C. 
After stirring for 0.5 h, the desired benzyl chloride was 
afforded in 76% yield. In order to find the scope of this reac-
tion, several aromatic hydrocarbons were examined in the 
presence of 5 mol% of ZnI2. The results are summarized in 
Table 1. As shown in Table 1, the reaction proceeded 
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Scheme 1. ZnI2-catalyzed chloromethylation of aromatic 
compounds.
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Table 1. Chloromethylation of aromatic compounds catalyzed by ZnI2a.

Entry Substrate t (h) Productb Yield (%)c
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smoothly at 5−10°C in a short time and provided good 
yields (Table 1, entries 1–6). The p-substituted benzyl chlo-
ride was exclusively afforded from the various aromatic 
hydrocarbons screened. Moreover, the chloromethylation of 
biphenyl provided the mono-chloromethylated product in 
good yield (Table 1, entry 2). In addition, we have found 
that the chloromethylation of 3,5-dimethylphenol could not 
be carried out under similar conditions due to the coordina-
tion of its hydroxyl group with ZnI2, which led to deactiva-
tion of the substrate. When the hydroxyl group of 
3,5-dimethylphenol was protected by reaction with ethyl 
chloroformate, the chloromethylation could be carried out 
smoothly and provided the desired product in nearly quanti-
tative yield (Table 1, entry 6). The chloromethylation of 
various substituted O-carbethoxy phenol derivatives pro-
ceeded in good to excellent yields in a short time (Table 1, 
entries 6–10). Unfortunately, we found that the chlorometh-
ylation of some O-carbethoxy phenol derivatives did not 
occur even if the reaction time was prolonged and the reac-
tion temperature increased. These were O-carbethoxy phe-
nol derivatives bearing an electron-withdrawing group 
(i.e. Cl, NO2) which were inert under similar conditions. 
The chloromethylation of O-carbethoxy-1-naphthol 
mainly provided O-carbethoxy-8-chloromethyl-1-naphthol 
(11a) with the formation also of the disubstituted methane 
derivative 11b at 5–10°C (Table 1, entry 11). Similarly, the 
chloromethylation of 1-chloronaphthalene mainly gave the 
8-chloromethylated product 12a accompanied by forma-
tion of the disubstituted methane derivative 12b (Table 1, 
entry 12). No reaction occurred in the case of 
chlorobenzene.

To examine the halide anion effect, reactions using 
ZnCl2 and ZnBr2 were compared under similar reaction 
conditions (5 mol % of catalyst) in the chloromethylation 
of 3,5-dimethyl O-carbethoxy phenol derivatives with 
dimethoxymethane and chlorosulfonic acid. ZnCl2 and 
ZnBr2 were less effective in terms of substrate conversion 
and provided only moderate yields of 6a. All the products 
were characterized by their NMR spectra and by compari-
son with known compounds.

A plausible mechanism for this catalysis is shown as 
Scheme 2. Treatment of dimethoxymethane with chlorosul-
fonic acid in situ produces methyl chloromethyl ether. The 
formation of the chloromethyl cation ([ClCH2]+) is then pro-
moted by ZnI2. Electrophilic substitution of the aromatic 
compound gives the desired chloromethylated derivative.

In conclusion, we have demonstrated the excellent reac-
tivity of ZnI2 as catalyst in the chloromethylation of aromatic 
compounds with dimethoxymethane and chlorosulfonic 
acid. This catalytic reaction enables the chloromethylation to 
be carried out in CH2Cl2 at room temperature in good to 
excellent yields. This method has some advantages such as 
simple operation, mild conditions, and easy product isola-
tion. This chloromethylation method has shown great pros-
pects for industrial application. Further aspects of the 
catalysis and the application to organic synthesis and practi-
cal pharmaceutical processes are under investigation.

Experimental

For product purification by flash column chromatography, 
silica gel (200~300 mesh) and light petroleum ether 

Entry Substrate t (h) Productb Yield (%)c

11

O OEt

O

11 2

O OEt

O
Cl

11a 70%

OO

OOOO

11b 30% 82

12

Cl

12 2

Cl
Cl

12a 80%

ClCl

12b 20% 75

aReaction conditions: The reaction mixture of aromatic compounds (26 mmol), chlorosulfonic acid (31 mmol) and dimethoxymethane (31 mmol) was 
prepared in CH2Cl2 (30 mL) at −10°C in the presence of 5 mol% of ZnI2, followed by stirring at 5−10°C for t h.
bAll products were identified by their 1H and 13C NMR spectra.
cYields of products isolated by column chromatography.

Table 1. (Continued)
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(boiling range 60–90°C) were used. NMR spectra were 
taken on a Bruker AM-500 spectrometer with TMS as an 
internal standard and CDCl3 as solvent. Reaction monitor-
ing was accomplished by thin-layer chromatography (TLC) 
on silica gel Polygram SILG/UV 254 plates. HRMS were 
determined on a Waters GCT Premier spectrometer. All 
compounds were identified by 1H and 13C NMR, which 
were in good agreement with literature spectra.

Chloromethylation of aromatic compounds 
catalyzed by zinc iodide; general procedure

A flask was charged with 5 mol% of ZnI2 (1.3 mmol), chlo-
rosulfonic acid (31 mmol) and CH2Cl2 (30 mL), followed 
by dropwise addition of dimethoxymethane (31 mmol) at 
−10°C. After stirring the reaction mixture at −10°C for 30 
min, the aromatic compound (26 mmol) was slowly added. 
The resulting mixture was then stirred at 5–10°C for the 
time recorded in Table 1. The reaction was monitored by 
TLC analysis. After completion, the reaction was quenched 
by addition of water (10 mL) in an ice bath. After extraction 
with CH2Cl2 (3 x 20 mL), the organic phase was washed 
with 5% sodium carbonate solution (2 x 10 mL), water (2 x 
10 mL) and brine (2 x 20 mL), then evaporated to dryness 
under reduced pressure. The residue was purified by flash 
column chromatography on a silica gel using petroleum 
ether (boiling range: 60–90°C) and ethyl acetate as eluents 
to give the desired product.

Spectroscopic data for the products (Table 
1, entries 1–12)

4-(Chloromethyl)-1,1’-biphenyl (2a):24 Light yellow solid; 
m.p. 71–73°C (lit.25 71–73°C); Rf = 0.42 (petroleum ether); 
1H NMR (500 MHz, CDCl3): δH 7.65–7.62 (m, 2H), 7.57 
(d, J = 8.3Hz, 2H), 7.50 (dd, J = 7.0, 1.3 Hz, 4H), 7.42 (dd, 
J = 4.9, 3.7 Hz, 1H), 4.56 (s, 2H); 13C NMR (125 MHz, 
CDCl3): δC 140.8, 140.5, 138.3, 129.2, 128.8, 127.5, 127.4, 
127.0, 5.6.

1-(Chloromethyl)-4-ethylbenzene (3a):24 Colorless liq-
uid; Rf = 0.70 (petroleum ether); 1H NMR (500 MHz, 
CDCl3): δH 7.41 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 
2H), 4.67 (s, 2H), 2.75 (q, J = 7.8 Hz, 2H), 1.42–1.29  
(t, 3H); 13C NMR (125 MHz, CDCl3): δC 141.8, 131.5, 
128.8, 127.9, 46.2, 28.4, 15.6.

1-(Chloromethyl)-4-isopropylbenzene (4a):24 Colorless 
liquid; Rf = 0.73 (petroleum ether); 1H NMR (500 MHz, 
CDCl3): δH 7.41 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.1Hz, 
2H), 4.66 (s, 2H), 3.05–2.93 (m, 1H), 1.35 (d, J = 7.4 Hz, 
6H); 13C NMR (125 MHz, CDCl3): δC 146.3, 138.7, 128.6, 
126.7, 46.0, 33.9, 23.9.

1-(tert-Butyl)-4-(chloromethyl)benzene (5a):24 Colorless 
liquid; Rf = 0.60 (petroleum ether); 1H NMR (500 MHz, 
CDCl3): δH 7.46 (d, J = 8.4 Hz, 2H), 7.42–7.39 (m, 2H), 
4.64 (s, 2H), 1.40 (s, 9H); 13C NMR (125 MHz, CDCl3): δC 
151.4, 134.5, 128.3, 125.6, 46.0, 34.5, 31.3.

O-Carbethoxy-3,5-dimethyl-4-chloromethylphenol 
(6a):25 Colorless liquid; Rf = 0.39 (10% EtOAc in petro-
leum ether); 1H NMR (500 MHz, CDCl3): δH 6.90 (s, 2H), 
4.65 (s, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.44 (s, 6H), 1.40 (t, 
J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3): δC 153.4, 
150.6, 139.1, 131.7, 129.0, 120.5, 120.3, 64.6, 40.2, 19.1, 
18.5, 14.0.

O-Carbethoxy-2,6-dimethyl-3-chloromethylphenol 
(7a):26 Colorless liquid; Rf = 0.40 (10% EtOAc in petro-
leum ether): 1H NMR (500 MHz, CDCl3): δH 7.16 (d, J = 
7.8 Hz, 1H), 7.10–7.06 (m, 1H), 4.61 (s, 2H), 4.35 (q, J = 
7.1 Hz, 2H), 2.28 (s, 3H), 2.23 (s, 3H), 1.42 (t, J = 7.1 Hz, 
3H); 13C NMR (125 MHz, CDCl3): δC 152.9, 148.6, 134.8, 
131.2, 129.8, 128.4, 127.6, 65.0, 44.6, 16.2, 14.2, 11.7.

O-Carbethoxy-2,3-dimethyl-4-chloromethylphenol 
(8a):26 Colorless liquid; Rf = 0.39 (10% EtOAc in petro-
leum ether); 1H NMR (500 MHz, CDCl3): δH 7.21 (d, J = 
8.3 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 4.62 (s, 2H), 4.34 
(q, J = 7.1 Hz, 2H), 2.37 (s, 3H), 2.19 (s, 3H), 1.41 (t, J 
= 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3): δC 153.4, 
149.7, 137.9, 133.4, 129.6, 128.1, 119.0, 64.7, 45.0, 15.3, 
14.1, 12.5.

O-Carbethoxy-2,4-dimethyl-5-chloromethylphenol 
(9a): Colorless liquid; Rf = 0.40 (10% EtOAc in petro-
leum ether); 1H NMR (500 MHz, CDCl3): δH 7.11 (s, 1H), 
7.08 (s, 1H), 4.56 (s, 2H), 4.33 (q, J = 7.1 Hz, 2H), 2.38 (s, 
3H), 2.22 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR (125 
MHz, CDCl3): δC 153.4, 147.5, 134.8, 134.1, 133.3, 130.4, 
122.5, 64.8, 44.0, 18.0, 15.5, 14.1; HRMS (EI) calcd for 
C12H15O3

35Cl: [M]+: 242.0710; found: 242.0701; calcd for 
C12H15O3

37Cl: [M]+: 244.0680; found: 244.0702.
O-Carbethoxy-2-methyl-5-chloromethylphenol (10a): 

Colorless liquid; Rf = 0.30 (10% EtOAc in petroleum 
ether); 1H NMR (500 MHz, CDCl3): δH 7.31–7.26 (m, 1H), 
7.24 (d, J = 1.8 Hz, 1H), 7.12 (d, J = 8.3 Hz, 1H), 4.56 (s, 
2H), 4.34 (q, J = 7.1 Hz, 2H), 2.26 (s, 3H), 1.41 (t, J = 7.1 
Hz, 3H); 13C NMR (125 MHz, CDCl3): δC 153.3, 149.6, 
135.4, 131.5, 130.6, 127.3, 121.8, 65.0, 45.6, 15.9, 14.2; 
HRMS (EI) calcd for C11H13O3

35Cl: [M]+: 228.0553; 
found: 228.0563; calcd for C11H13O3

37Cl: [M]+: 230.0524; 
found: 230.0545.

O-Carbethoxy-8-chloromethyl-1-naphthol (11a): White 
solid; m.p. 58–59°C. Rf = 0.30 (10% EtOAc in petroleum 
ether); 1H NMR (500 MHz, CDCl3): δH 8.18 (d, J = 8.3 Hz, 
1H), 8.09 (dd, J = 8.3, 0.6 Hz, 1H), 7.66 (ddd, J = 8.4, 6.9, 
1.2 Hz, 1H), 7.61 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.54 (d, J 
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Scheme 2. Plausible mechanism of chloromethylation of aromatic derivatives catalyzed by ZnI2.
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= 7.8 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 5.04 (s, 2H), 4.41 
(q, J = 7.1 Hz, 2H), 1.46 (t, J = 7.1 Hz, 3H); 13C NMR 
(125 MHz, CDCl3): δC 153.4, 147.7, 132.2, 131.2, 127.3, 
127.1, 126.7, 124.0, 121.9, 116.9, 65.1, 44.0, 29.7, 14.2; 
HRMS (EI) calcd for C14H13O3

35Cl: [M]+: 264.0553; 
found: 264.0555; calcd for C14H13O3

37Cl: [M]+: 266.0524; 
found: 266.0544.

Diethyl [methylenebis(naphthalene-8,1-diyl)] 
bis(carbonate) (11b): Colorless liquid; Rf = 0.28 (10% 
EtOAc in petroleum ether); 1H NMR (500 MHz, CDCl3): 
δH 8.19–8.10 (m, 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.61 
(ddd, J = 8.2, 6.9, 1.0 Hz, 1H), 7.55 (ddd, J = 8.2, 6.9, 
1.0 Hz, 1H), 7.29 (d, J = 7.8 Hz, 1H), 7.10 (d, J = 7.8 
Hz, 1H), 4.86 (s, 1H), 4.42 (q, J = 7.1 Hz, 2H), 1.47 (t, 
J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3): δC 153.8, 
146.0, 134.0, 133.0, 126.9, 126.8, 126.6, 126.4, 124.2, 
121.7, 117.2, 65.0, 35.2, 14.2; HRMS (EI) calcd for 
C27H24O6: [M]+: 444.1573; found: 444.1585.

1-Chloro-8-(chloromethyl)naphthalene (12a):27 White  
solid; m.p. 46–47°C (lit.27 47–48°C); Rf = 0.38 (petro-
leum ether); 1H NMR (500 MHz, CDCl3): δH 8.38 (d, J = 
9.7 Hz, 1H), 8.21–8.15 (m, 1H), 7.70–7.66 (m, 2H), 7.54 
(d, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 5.01 (s, 2H); 
13C NMR (125 MHz, CDCl3): δC 133.4, 132.3, 132.1, 
131.1, 127.4, 127.3, 127.2, 125.5, 125.3, 124.0, 43.9.

Bis(8-chloronaphthalen-1-yl)methane (12b): Light yel-
low liquid; Rf = 0.35 (petroleum ether); 1H NMR (500 
MHz, CDCl3): δH 8.44 (d, J = 8.4 Hz, 1H), 8.04 (d, J =8.5 
Hz, 1H), 7.73–7.63 (m, 1H), 7.58 (ddd, J = 8.2, 6.9, 1.2 
Hz,1H), 7.47 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 
4.80 (s, 1H); 13C NMR (125 MHz, CDCl3): δC 135.0, 133.1, 
131.0, 130.9, 127.0, 126.9, 126.8, 125.9, 125.3, 124.2, 
35.4; HRMS (EI) calcd for C21H14

35Cl2: [M]+: 336.0473; 
found: 336.0481; calcd for C21H14

35Cl37Cl: [M]+: 338.0443; 
found: 338.0462; calcd for C21H14

37Cl2: [M]+: 340.0414; 
found: 340.0436.
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