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A series of new imidazolium-type ionic liquids bdsen ‘polyethylene glycohave beerprepared. The new recyclable
temperature-dependant phase-separation system isechpf [G.miNPEG,Br and methylcyclohexane was also developed and
successfully applied to the dichloromethylation séme aromatic hydrocarbons to prepare dichloromsiltystituted
hydrocarbons in excellent yields. The ionic ligeiuld be excellent recycled without any apparess lof catalytic activity and
little loss of weight even after 8 times recycling.
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INTRODUCTION catalysts, in general, suffer from the inherentbfgms of
tedious workup procedures, corrosiveness, highepiflity
Chloromethyl-substituted aromatic compounds arey verto water, difficulty of catalyst recovery, enviroemntal
important intermediates which have heen widely imobin  hazards, waste contr@tc. Kishidaet al. recently reported the
synthesis of a variety of fine ‘or special chemicsileh as use of rare earth metal triflates in the chloronyiefion of
pharmaceuticals, agrochemicals, dyes, flavors eagtdnces, aromatic hydrocarbons [13-15]. However, rare eartétal
polymers, additives, etc. . [1-3]. Procedures for triflates, particularly Sc(OT$) are very expensive for the use
chloromethylating ‘aromatic compounds have been welbf practical chemical processes. So, it is impdrtarreplace
documented in previous papers. The chloromethylathd these catalysts with environmentally conscious lgsiis that
aromatic hydrocarbons with hydrochloric acid andxane or  are active under mild conditions and have reasenplites
paraformaldehyde as 'a formaldehyde precursor gavand can also be easily recovered after reactiodseursed for
chloromethylated products without a catalyst, altftothe rate  new reactions [16].
is slow and not enough for practical chemical psscpl-7]. To attain these purposes and to develop new and
Lewis acids such as zinc chloride, stannic chlgrademinum  environment-benign procedures that address thesgbdcks
chloride, and boron trifluoride are well known dgsas for the  in the chloromethylation of aromatic hydrocarbowg, have
reaction [8-12]. Among these acids, zinc chloride d@n  proposed surfactant micelles, particularly CTAB, #e
effective catalyst in hydrochloric acid solutiong®]. effective catalyst to synthesize some mono-chlotbyhated
However, a stoichiometric amount of catalyst tbsstate  hydrocarbons [17], and which have been successfully
is required, making the workup procedurdides. These developed although we have not used them to syimtheeme
very useful dichloromethylated aromatic hydrocaeunch as
*Corresponding author. E-mail: luming1963@163.com 1,4-bis(chloromethyl)benzene [18], 4,4'-bis¢cbmethyl)
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biphenyl [12,19]gtc. [20-23].

Room temperature ionic liquids (ILs) are a speciass of
molten salts composed of organic cations and indcgar
organic anions. They have received considerabntidin as
alternatives to the traditional organic solventc&use of
their interesting physical and chemical propertissch as
negligible vapor pressure, unique permittivity, thithermal
stability, good solvents for both organic and ireorig
substances, high electrical conductivity and

catalyst recovery, multiphase systems, such asepiassfer
catalysis [32,33], thermoregulated phase-transftalygsis [34]
and liquid-liquid biphasic catalysis [35], have bestudied.
Some novel temperature-dependent ionic liquid lsgha
catalytic systems have been reported recently B§6-&nd
found that these temperature-dependent ionic l&sitbwed
some advantages such as high conversions and igigject
stability at high temperatures, easy handling agghgation,

wideexcellent reusability in the reactioefc., which provide a

electrochemical window, ILs have been widely usesi anovel route for'the homogeneous catalysis and eparating

reaction media, separation solvents, and noveltrelgtes

[24-29]. Up to now, examples of their applicati@sscatalysts

in the chloromethylation of aromatic hydrocarbonerev
seldom reported [30], and these researches areconfined
to the mono-chloromethylation of certain
hydrocarbons. In 2009, we developed an efficiemtttsstic
method for 3,3',4,4'-biphenyltetracarboxylic anhgdrthrough
a key step of dichloromethylation of 4,4'-dimettighenyl to
synthesize 3,3"-bis(chloromethyl)-4,4'-dimethylepkl
catalyzed by

aromatic

1-dodecyl-3-methyl-imidazolium/  bromide

and recycling of catalysts. Based on the concept of
thermoregulated ionic liquid biphasic system (TR)JLl&®d in
continuationof. our interest in exploring green tegtic
methods using ionic liquids, we herein report a new
temperature=dependent biphasic system compriséteafiew
recoverable ionic liquids [@mINPEG]Br (Scheme 1) and
methylcyclohexane, and their applications in thetlsgsis of
some useful dichloromethylated aromatic hydrocasbon

EXPERIMENTAL

([C1zmim]Br) in aqueous media [31]. However, the ILs areReagents and Equipment

still inevitably associated with low recovery ratisigh cost,
etc.

All chemicals and reagents were of analytical graad
some useful dichloromethylated aromatic hydrocasbosed

In view of both the advantages and disadvantages @s obtained. Melting points were determined on an

homogeneous and heterogeneous catalysts, canchprove
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Scheme 1. The Synthesis of [GMIinPEG|]Br
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NMR spectra were recorded on a Bruker
spectrometer using CD£l as the  solvent
tetramethylsilane (TMS) as an internal

with

standardghHi

400-MHzCH,CH,), 7.14-7.17 (m, 4H, CH x 4), 7.92 (s, 2H, CH x 2)

ppm.
3d: *H NMR (400 MHz, CDC}) & = 3.48-3.72 (m, 74H,

performance liquid chromatography (HPLC) experiment (OCH,CH,),), 3.73-3.79 (m, 4H, C}CH,), 4.18 (m, 4H,

were performed on a liquid chromatograph (DionetrSo
GmbH, America), consisting of a pump (P680) antaulblet-
visible light detector (UVD) system (170U). The erments
were performed on Diacovery C18 column, g 4.6 x aB0.

CH,CH,), 7.16-7.21 (m, 4H, CH x 4), 8.23 (s, 2H, CH x 2)
ppm.

3e:'H NMR (400 MHz, CDC}) § = 3.47-3.68 (m, 92H,
(OCH,CH,),), 3.74=3.76 (m, 4H, C¥CH,), 4.19 (m, 4H,

Elemental analysis were performed on a Vario EL IIICH,CH,), 7.24-7.32 (m, 4H, CH x 4), 8.57 (s, 2H, CH x 2)

instrument (Elmentar Anlalysensy Teme GmbH, Gerhany

General Procedure for the Synthesis of lonic Liquid
[ClzminPEegoo]Br (4a'e)

Step 1.A mixture of PEG (1a-e, 0.1 mol), pyridine (0.25
mol), and toluene (80 ml) was stirred in 250 minddlask at

85 °C, then SOGI(3.15 g, 0.105 mol) was added dropwise

slowly, after that the mixture was stirred for lédaional

hours at 85 °C, the reaction progress was monitoyadPLC.

After the reaction completed, the mixture was cddteroom

temperature, then 10% HCI solution (40 ml) was dddad

the organic phase was separated by decantationywaber

phase (under layer) was extracted with toluene (@>ml).

The combined organic phases was washed with.water1(

ml), then dried over anhydrous }0,. The solvent was
removed to givRa-e, yield 92%.

Step 2.A mixture of imidazole (0.1 mol), sodium ethoxide

(0.1 mol), and ethanol (10 ml)/was stirred at 70f6€8 h,
then 2a-e (0.05 mol)was addedAfter that the mixture was
stirred for 20 additional hours at 70 °C, the reacprogress
was monitored by HPLC. After the reaction completdte
mixture was cooled, the precipitate was filteref] tfen the
filtrate was extracted with a ether (3 x 10 ml)eTédombined
organic liquid was concentrated to gB&e, yield 85%.

3a: '"H NMR (400 MHz, CDC})) & = 3.54-3.71 (m, 20H,
(OCH,CHy),), 3.74-3.78 (m, 4H, C}CH,), 4.14 (m, 4H,

CH,CH,), 7.04-7.07 (m, 4H, CH x 4), 7.57 (s, 2H, CH x 2)

ppm.
3b: *H NMR (400 MHz, CDCJ) § = 3.51-3.69 (m, 38H,

(OCH,CH,),), 3.72-3.77 (m, 4H, C)CH,), 4.16 (m, 4H,

ppm.
Step 3"A mixture of 3a-e (0.02 mol), 1-dodecyl bromide

(0.04 mol), and toluene (10 ml) was stirred at @5fGr 48 h,
the reaction progress was monitored by HPLC, argh th
evaporated under reduced pressure to give theedeginic
liquid (4a-€) as a light brown oil, yiel@7%.

4a: '"H NMR (400 MHz, CDCJ) & = 0.83-0.89 (m, 6H,
CHz; % 2), 1.29-1.35 (m, 18H, G+ 9), 1.78-1.84 (m, 4H, CH
x 2), 3.54-3.71 (m, 20H, (OGEH,),), 3.71-3.76 (m, 4H,
CH,CH,), 4.12-4.19 (m, 8H, Ck¥ 4), 7.06-7.10 (m, 4H, CH
x 4), 7.61 (s, 2H, CH x 2) ppm.

4b: 'H NMR (400 MHz, CDCJ) & = 0.82-0.87 (m, 6H,
CHzx 2), 1.31-1.36 (m, 18H, G+ 9), 1.74-1.81 (m, 4H, CH
x 2), 3.53-3.68 (m, 38H, (OGEH,),), 3.74-3.77 (m, 4H,
CH,CH,), 4.14-4.21 (m, 8H, Ckk 4), 7.07-7.14 (m, 4H, CH
x 4), 7.81 (s, 2H, CH x 2) ppm.

4c: 'H NMR (400 MHz, CDCJ) & = 0.81-0.88 (m, 6H,
CHszx 2), 1.30-1.35 (m, 18H, G+ 9), 1.72-1.79 (m, 4H, CH
x 2), 3.52-3.76 (m, 56H, (OGEH,),), 3.76-3.79 (m, 4H,
CH,CH,), 4.16-4.19 (m, 8H, Ckk 4), 7.14-7.17 (m, 4H, CH
x 4), 7.97 (s, 2H, CH x 2) ppm.

4d: '"H NMR (400 MHz, CDCJ) & = 0.83-0.87 (m, 6H,
CHzx 2), 1.31-1.33 (m, 18H, G+ 9), 1.71-1.77 (m, 4H, CH
x 2), 3.48-3.72 (m, 74H, (OGEH,),), 3.72-3.78 (m, 4H,
CH,CH,), 4.15-4.17 (m, 8H, Ckk 4), 7.16-7.21 (m, 4H, CH
x 4), 8.31 (s, 2H, CH x 2) ppm.

4e:'H NMR (400 MHz, CDC}) & = 0.83-0.85 (m, 6H,
CHszx 2), 1.29-1.34 (m, 18H, G+ 9), 1.70-1.78 (m, 4H, CH
x 2), 3.46-3.70 (m, 92H, (OGEBH,),), 3.73-3.79 (m, 4H,
CH,CH,), 4.12-4.18 (m, 8H, Ckk 4), 7.26-7.35 (m, 4H, CH

CH,CH,), 7.08-7.12 (m, 4H, CH x 4), 7.79 (s, 2H, CH x 2)x 4), 8.62 (s, 2H, CH x 2) ppm.

ppm.
3c: 'H NMR (400 MHz, CDC}) & = 3.49-3.73 (m, 56H,

(OCH,CH,),), 3.74-3.76 (m, 4H, GigH,), 4.16 (m, 4H,

Typical Procedure for Dichloromethylation
The three-necked flask was loadedh wiaromatic

133



Huetal.

hydrocarbon (0.1 mol), paraformaldehyde (0.6 mabnc.
HCI (70 ml), [G.mIinPEGyJ]Br (0.03 mol), methylcyclo-
hexane (70 ml). Hydrogen chloride gas was bubhi¢al the
flask at the flow rate of 80 ml mih The reaction mixture was
stirred at an appropriate temperature for an ap@atgtime
(Table 2). After the reaction, the reaction mixtwas cooled
to room temperature, the organic phase was sepalate
decantation, and rinsed with 5% NaH{s®lution (3 x 10 ml)
and water (2 x 10 ml), then dried with sodium sigfdiltered,
and evaporated to drynessvacuo, and the organic residue
was resolved in methylene chloride and analyzediBi.C.

5.96; CI, 34.91.

4,4-Bis(chloromethyl)biphenyl (9). White solid, m.p.:
133-135 °C (lit. [20] m.p.: 134-136 °CH NMR (400 MHz,
CDCly) & = 4.63 (s, 4H, Cb), 7.48 (m, 4H, Ar-H), 7.57 (m,
4H, Ar-H) ppm.*C NMR (400 MHz, CDGJ)) 6 = 46.1, 127.6,
129.4, 136.9, 140.7 ppm. Anal. Calcd. faui,.Cl,: C, 66.93;
H, 4.83; Cl, 28.24. Found: C, 66.95; H, 4.82; &,23.

6,7-Bis(chloromethyl)-1,2,3,4-tetrahydronaphthalene
(10). White solid, m.p.: 110-112 °GR (KBr, cm?): 2946,
2832, 1643, 1510, 1447, 887, 812, 732, 66¥ NMR (400
MHz, CDCk).& = 1.51.(S, 4H, Ch), 2.84 (s, 4H, Ch), 4.57

The crude product was recrystallized from hexane an(s, 4H,'CH), 7.16 (s, 2H, Ar-H) ppm**C NMR (400 MHz,

methylene chloride and the desired product wastifiesh by

CDCly) § =22.4,26.1, 44.7, 127.5, 136.1, 137.3 ppm. MS (E

NMR and Elemental analysis or compared with auibent 70 eV) m/z (%): 228 (M), 193, 179, 145, 131, 105, 91, 77.

samples. The next run was performed under identgzadtion
conditions.

1,4Bis(chloromethyl)benzene (5)White solid, m.p.: 98-
101 °C (lit. [19] m.p.: 97-100 °C)'H NMR (400 MHz,
CDCly) & = 4.61 (s, 4H, Ch), 7.27 (s, 4H, Ar-H) ppm*C
NMR (400 MHz, CDC}) 6 = 46.8, 128.4, 139.1 ppm. Anal.

Calcd. for GHgCl,: C, 54.86; H, 4.61; Cl, 40.52. Found: C,

54.89; H, 4.61; Cl, 40.50.
1,3Bis(chloromethyl)-4,6-dimethylbenzene (6). White
solid, m.p.: 88-90 °C (lit. [24] m.p.: 87-89 °CH NMR (400
MHz, CDCLk) & = 2.37 (s, 6H, CH);. 469 (s, 4H, ChH, 7.04
(s, 1H, Ar-H), 7.25 (s, 1H, Ar-H) ppmt*C NMR (400 MHz,

Anal. Caled. for GH..Cl,: C, 62.87; H, 6.17; Cl, 30.95.
Found: C, 62.90; H, 6.16; CI, 30.94.
1,4Bis(chloromethyl)-2,5-dimethoxybenzene (12).
White solid, m.p.: 125-127 °C. IR (KBr, ¢t 2981, 2859,
1635, 1504, 1462, 1386, 1157, 892, 812, 662NMR (400
MHz, CDCk) & = 3.89 (s, 6H, CH), 4.64 (s, 4H, Ch), 7.21
(s, 2H, Ar-H) ppm.*C NMR (400MHz, CDGCJ) 6 = 40.8,
54.7, 114.2, 126.7, 148.4 ppm. MS (El, 70 eV) n#):(234
(M%), 199, 185, 151, 137, 107, 77. Anal. Calcd. for
C,oH1:ClL0,: C, 51.04; H, 5.14; ClI, 30.17; O, 13.63. Found: C,
51.09; H, 5.14; CI, 30.16; O, 13.61.

1,2-Bis(chloromethyl)-4,5-dimethoxybenzene (12).

CDCl;) & = 17.5, 40.5, 129.2, 131.2, 134.5, 136.8 ppm. AnalWhite solid, m.p.: 118-121 °GR (KBr, cm'): 2978, 2864,

Calcd. for GoHy,.Cly: C, 59.09; H,'5.97; Cl, 34.94. Found: C,

59.13; H, 5.96; Cl, 34.91.
1,4Bis(chloromethyl)-2,5-dimethylbenzene (7). White
solid, m.p.: 102-104 °C. IR (KBr, chy: 2976, 2865, 1637,
1506, 1454, 1382, 895, 806, 635. NMR (400 MHz, CDC}))
8 = 2.34 (s, 6H, Ch), 4.67 (s, 4H, Ch), 7.16 (s, 2H, Ar-H)
ppm. *C NMR (400 MHz, CDGCJ) & = 17.8, 40.6, 131.2,
133.7, 138.3 ppm. MS (El, 70 eV) m/z (%): 202"jM167,
153, 119, 105, 91, 77. Anal. Calcd. fofg8,,Cl,: C, 59.03; H,

5.98; Cl, 34.97. Found: C, 59.13; H, 5.96; Cl, 34.9
1,2-Bis(chloromethyl)-4,5-dimethylbenzene (8). White
solid, m.p.: 103-105 °C (lit. [22] m.p.: 102-104)°¢H NMR
(400 MHz, CDC}) 6 = 2.36 (s, 6H, CH), 4.70 (s, 4H, Ch),
7.14 (s, 2H, Ar-H) ppm**C NMR (400 MHz, CDGJ) & =
18.5, 40.7, 131.2, 134.1, 138.1 ppm. Anal. Calcdr f
CioHioClo: C, 59.07; H, 6.01; ClI, 34.92. Found: C, 59H3
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1638, 1510, 1459, 1385, 1162, 894, 808, 66BNMR (400
MHz, CDCk) & = 3.90 (s, 6H, CH), 4.65 (s, 4H, Ch), 7.18
(s, 2H, Ar-H) ppm.**C NMR (400 MHz, CDGJ) & = 40.7,
54.8, 114.3, 126.8, 148.4 ppm. MS (El, 70 eV) ni):(234
(M%), 199, 185, 151, 137, 107, 77. Anal. Calcd. for
C,0H1:ClL0,: C, 51.03; H, 5.16; ClI, 30.18; O, 13.61. Found: C,
51.09; H, 5.14; CI, 30.16; O, 13.61.
1,3-Bis(chloromethyl)-4,6-dimethoxybenzene (13).
White solid, m.p.: 112-114 °C. IR (KBr, ¢t 2986, 2857,
1642, 1506, 1467, 1384, 1155, 887, 814, 66BNMR (400
MHz, CDCk) & = 3.92 (s, 6H, CH), 4.68 (s, 4H, Ch), 7.10
(s, 1H, Ar-H), 7.29 (s, 1H, Ar-H) ppnt*C NMR (400 MHz,
CDCly) & = 40.6, 54.6, 97.3, 114.8, 133.2, 154.7 ppm. MS (E
70 eV) m/z (%): 234 (M), 199, 185, 151, 137, 107, 77. Anal.
Calcd. for GgH15Cl,0,: C, 51.05; H, 5.15; Cl, 30.19; O, 13.61.
Found: C, 51.09; H, 5.14; CI, 30.16; O, 13.61.
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RESULTS AND DISCUSSION

100

The initial study was carried out using biphengl the 80
substrate to optimize the reaction conditions, diehloro- s 60
methylation of biphenyl was carried out in oil-wat@phasic 40
system in the presence and absence @iDPEGBr at 20
first. As shown in Fig. 1, in the absence of JBINPEGBr, 0 o d -
the chloromethylation reaction proceeded very sjpwuihe 0 5 10 15 20 25
yield was less than 12% after 24 h, and the seigctivas Time (h)
only 67%. The results mean that hydrochloric acésdinot
work as an effective catalyst for the chloromettigia Fig. 1.Influences ©of the presence and absenceof
Reaction performed with [GMINPEGoBr at a catalytic [C,MINPEG,JBr on the yield and selectivity
amount of 0.3 equiv was proceeded very rapidly thedyield dichloromethylation: yield (noIL, ), vyield
reached 90% in a shorter time (10 h), the seldgtiwias (with'IL, m), selectivity (no IL, A), selectivity
increased to 98%. However, the selectivity andytel were (with IL, ®). Reaction conditions: BP (0.1 mol),
not enhanced significantly with further increasehia reaction paraformaldehydé0.6 mol), [C1.minPEGydBr
time. (0.03nol), conc.HCI (70ml), methylcyclohexane

Figure 2 shows the influences of the amount of (70 ml), anhydrous hydrogen chloride ¢&8 ml

[ComINPEGBr on the dichloromethylation. The yield and mint), 70 °C:
the selectivity increased with the amount of JBINPEGgBr
and reached maximum at 0.3 equiv. of the promoter used.

By further addition of [EMINPEGBr, the vyield and 100

selectivity were not changed significantly. The Seduent 80

experiments on optimum conditions revealed that 206d 0.3 60

equiv of the promoter were necessary to completedhction. X 40

Besides [@MinPEGBr, four other types of ionic liquids,

[C1sMINPEGdBr, [C1ominPEGdBr, [CominPEG,dBr and 20

[ComINPEGoBr were tested as catalysts in the reaction 0 ! ! ! !

(Table 1,entries 2-5); it was observed that; J@inPEGydBr 0 61 02 03 04 05
and [G.minPEGdBr. resulted. in the best performance, [C1,MINPEGg,Br (equiv.)

providing 98% and 97% high'yields, respectivelyn§idering

all the factors comprehensively, HRINPEGodBr was  gig 2 nfluences of amourtf [C1,minPEGyogBr on theyield
selectedas the best catalyst precursor. The different gédal @) and selectivity €) of dichloromethylation.
abilities of ILs may be attributed to their diffateabilities of Reaction conditions: BP (0.1 molparaformaldehyde
forming homogeneous catalysis mediums with (0.6 mol), conc. HCI (70 ml), methylcycloheea (70

methylcyclohexane. Under the same conditions, thehat ml), anhydrous hydrogen chioride gas (80 miji70
forms homogeneous catalysis medium in combinatidim w °C. 10 h.

methylcyclohexane, will lead to a larger increase tie

effective reactant concentration, which increabesencounter

probability between biphenyl and reactive speciésis, faster in the absence of paraformaldehyde, and an incriasgiee

reaction rate and higher yield of the reactiontitamed. amount of paraformaldehyde enhanced the reactield wind
The influences of the amount of paraformaldehyddéh®  selectivity until a (CHO),/BP ratio of 6 is reached. However,

dichloromethylation are shown in Fig. 3. No reactamcurred  further addition of formaldehyde resulted in ther@ase of
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Table 1.Synthesis of 4,4'-Bis(chloromethyl)biphenyl with, JminPEG]Br/methylcyclohexan®

Entry lonic liquid Time (h) Yield (%) Selectivity (%
1 [CLomINPEGBr 10 90 98
2 [CLomINPEGBr 14 72 88
3 [CLoMINPEGBr 12 79 91
4 [CLomIinPEGBr 10 84 95
5 [CLoMINPEGod Br 10 91 97

®Reaction conditions: BP (0.1 mol), paraformaldehyfes mol), [G.minPEG]Br (0.03 mol), conc. HCI (70 ml),
methylcyclohexane (70 ml), anhydrous hydrogen détiéogas (80 ml min), 70 °C."Isolated yield‘Isolated selectivity.

100 100
80 80
60
S < 60
20 20
O 0 1 1 1
0 2 4 6 8 40 50 60 70 80

Ratio [mol (CH,0),, (mol BP)"] Temperature (°C)

Fig. 4.Influences of temperature othe selectivity ¢) and
yield (m) of dichloromethylation. Reaction conditions:
BP (0.1 mol), paraformaldehyde (0.6 mol), conc. HCI
(70ml), methylcyclohexane (7@), [C1ominPEGyqBr
(0.03 mol), anhydrous hydrogerhloride gas (80 ml
min®), 10 h.

Fig. 3. Influences of amount of paraformaldehyde on the
yield @) and selectivity «) of dichloro-
methylation. Reaction _conditions: BP (thdl),
[CLo2mIinPEGBr (0.03/mol), cone. HCI (70 ml),
methylcyclohexane (70 ml), anhydrous hydrogen
chloride gas (80 ml mify, 70 °C, 10 h.

formationof =~ methylcyclohexane (organic layer), containing prdwas
the LCremoved by decantation and the lower laydr catalytic
system (aqueous layer) was concentrated to remewvergted
Figure 4 shows the influences of reaction tempeeatun the water through water knockout drum. Fresh substraied
dichloromethylation. The catalytic activities inased with methylcyclohexane were then recharged to the
increasing reaction temperature. Maximum vyield andC;.minPEGygBr catalytic system, and the mixture was
selectivity was reached at 70 °C; however, thedysmid the heated to react once again. Only 4.0% loss of werghs
selectivity decreased with further increase in terajure. observed after 8 times recycling.

In addition, the catalytic system could be tygical With these results in hand, the catalytic systeas then

the yield. This is’ due to the
poly(chloromethyl)biphenyls, as observed in
chromatogram, although we did not identify thehustures.

recovered and reused for subsequent reactions with
appreciable decrease in yields and reaction r&igs §). The
recycling process performed as follows. Thearplayer of
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applied to some other aromatic hydrocarbons as suined
in Table 2. It is seen that aromatic hydrocarbonshsas
xylene, dimethoxybenzene and 1,2,3,4-tetrahydrbtielene
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sy which resulted in 27% vyield of the mono-chloromédigd
product benzyl chloride. Based on the experimergallts
obtained and literature reports, a possible mesharior the
dichloromethylation of aromatic hydrocarbons is whoin
Scheme 2.

Before the chloromethylation, there exists an obsioil-
water biphasic system, and the lower layer (wateasp)
consists of [EMINPEG]Br, hydrochloric acid and
formaldehyde, ‘and the upper layer (oil phase) tgsof
o methylcyclohexane and aromatic hydrocarbons (satesty.

1 2 3 4 5 6 7 8 During the . process <of chloromethylation, the oilteva
Cycle biphasic system disappears and a homogeneous oreacti

medium is formed. It is considered that the acibratof

formaldehyde s a first step for the enhancementthef
chloromethylation. Firstly, depolymerization of

catalytic  system  ([GMIinPEGogBr/conc. HCI), paraformaldehyde by acid catalysis of hydrochladi yields

anhydrous hydrogen chloride gas (80 mI ®iv0 °C, formaldehyde Whi;h r+eacts with proton "Hto yielfj_
10 h hydroxymethyl cation "CH,OH). Then, an electrophilic

substitution reaction occurs by subsequent attatckhe

*CH,OH on benzene ring of aromatic hydrocarbons to give
in the ‘formation Ofaromatic carbinol. The resulting alcohol under #&otion of
acid gives a benzyl carbonium ion and water vepidig.

a0

Yield (%)

Fig. 5. Repeating reactions usingcovered C,,minPEGgBr.
Reaction conditions: BP (0.1 mol), parafordedlyde
(0.6 mol), methylcyclohexane (70 ml), recovered

have been successfully resulted
corresponding dichloromethyl-substituted produntgeod to _ ) i e
high yields (Table 2, entries 2-4, 6 and. 7-9), @lih the Fnally, the benzyl carbonium ion reacts with anid@is to

yields of 8, 10 and12 were a little lower;.in contrast to other yield i the desired products. After .the. completpn thie
products6, 7, 9, 11 and 13, and their selectivities were only reaction, a complete phase-separation is occumath after

90%, 92% and 89%, respectively. While in the case Obelng cooled to room temperature; the upper layer o

benzene, as a less active substrate for the darhkethylation, methyicyclohexane, containing product was removed b

much lower selectivity and(yield were obtained eweer decan_tanon. Then — the I_ower layer containing
more drastic reaction conditions (Table 2, entry 1) [C1ominPEGBr and hydrochloric acid, was concentrated to

The excellent catalytic abilities of [@NPEGydBr/ remove water produced in the reaction through wateckout

methylcyclohexane suggest the dichloromethylatiomorag drum,. for the re_zcycling. The_ thermoregulated bi;ix?nas
aromatic hydrocarbons, hydrochloric acid, formalgkh behavior of [GmiNPEGoBr (i.e, mono-phase at high

methylcyclohexane and [@ninPEGBr has a particular j[emperature apd bi-phase at room. temperaturg) @""X’?ry
mechanism important role in the chloromethylation processfaeat, it will

A review of the literatures [40-42] shows that theresults in local concentration of the reacting sg®cand,

chloromethylation by treatment with formaldehydel a&tCl, consequen_tly, in a large mcreasg In the effectemctant
*CH,OH and chloromethyl cation*CH,CI) are the species concentration and excellent catalytic effects.

frequently suggested. It is highly impossible ttat "CH,CI

exists in any chloromethylation systems, partidylan ~ CONCLUSIONS

aqueous  solutions under mild conditions. The

dichloromethylation belongs to the further reaction the A series of new imidazolium-type ionic liquids ledson
basis of the mono-chloromethylation. This has beexll  polyethylene glyco(PEG)have beerprepared. It was found
confirmed by the experiment of benzene (T&blentry 1), that the [GominPEGgBr/methylcyclohexane system results
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Table 2.Synthesis of Some Dichloromethyl-Substitutedromatic Hydrocarbons with [C.minPEGBr

/Methylcyclohexarie
Temperature Time Selectivity Products and yields
Entry Substrate . b c
(°C) (h) (%) (%)
CH,C
1 © 80 14 72 Lc 7¢
5
Chks
CHg CH,C
Ck
2 CHy 60 8 100 L 93
6
CHa
Chs i ChoC
3 60 8 100 ChyC
CHs oL
Chs 7
CH, Ck,C Ck;
4 ©/ 60 8 90 Ck,C Cks 84
8
CH,C
5 70 10 98
CFC 90
9
C HZC: : :
6 ©ij 60 8 92 CHC 86°
10
CCkq OCHj
/©/CHZCI
7 60 8 100 ClH,C
CChsg oot 9F°
11
©:OC Fa C HQCJC[OCHa
8 OCks 60 8 89 C HaC ocks 83
12
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Table 2. Continued

OCk;
CCH; CH.C
9 60 8 100 OCFs
CCH, Ck;C o5°
13

*Reaction conditions: aromatic hydrocarbon (0.1 pdyaformaldehyde (0.6 mol), {fninPEGBr (0.03 mol),

conc. HCI (70 ml), methylcyclohexaifé0 ml), anhydroushydrogen chloride gas (80 mlrifin Plsolated

selectivity lIsolated yield27% Yieldof themono-chloromethylated product benzyl chlonidesobtained*New
compounds.

-I |_+
cr ;CF (CF:Cly
; i R\//—\ CF.CkE ( R c|- c|-. i ko
c
Et B &k ;CFH
R//_\CI-C crc R4 CF;C RG3CFC
L # 7, & 44
Chs cr;cr; cr sCF
rc [
R4 Ck5C
CF.C
Rccm temperature Reacticn temperature Rccm temperature
Methylcyclchexane Hcmegenecus Methylcyclchexane
Substrate Heating Chlaramethylaticn Cacling Prcduct
— N
—
C.;minPEGgq Br >5Q¢ . \
IC-2 soc. S I - IC. ;MinPE G g0 Br
cenc. HCl gt " (CH,0),
) cenc. HCI Cat.
(CH;0],

| Catalyst Recycling

Scheme 2. Possible mechanism for dichloromethylation ofnaatic hydrocarbons
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in an excellent temperature-dependent phase betiavrithe

dichloromethylation of some aromatic hydrocarbomisich is  [12]
capable of converting aromatic hydrocarbons inte th[13]
corresponding dichloromethyl-substituted produntgdod to
excellent isolated yield under homogeneous catlysi [14]
aqueous media. [@NINPEGyBr could be efficiently
recovered by simple decantation after reaction auithany [15]
apparent loss of catalytic activity and little lafsveight even

after 8 times recycling. Mild reaction conditionsase of [16]
workup, high vyields, stability, easy isolation ofet
compounds, good thermoregulated biphasic behavidhe

IL, and excellent recycle-ability of the catalysteaall the [17]
attractive features of this methodology. Furthgreass of the
catalysis of the proposed system and its applioatioother
organic synthesis are under investigation.
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