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Abstract—The alkylation of hydroxy-benzenes, such as methylhydroquinone, phenylhydroquinone, and feri-
butylhydroquinone, was studied utilizing isobutylene or fer¢-butanol as the alkylating agent to obtain 2,5-substi-
tuted hydroquinones. The alkylation was carried out in the presence of acid catalysts such as Amberlyst-
15 or 70% sulfuric acid in a batch reactor. As reaction solvent, a mixture of cyclohexane and 2-heptanone
or ethyl acetate was found to be a good solvent system. The cation exchange resin catalyst Amberlyst-15
offered better selectivity to 2,5-substituted hydroquinones than 70% sulfuric acid. A steric hindrance imposed
on fixed protons in solid acid catalyst such as Amberlyst-15 caused higher selectivity toward less-hindered
position. It was also found that the selectivity was affected by groups substituted on hydroquinones; the
selectivity of 2,5-substituted hydroquinones was in the descending order of terf-butyl, phenyl, and methyl-
hydroquinones. The separation of 2.5-substituted hydroquinones from the reaction mixture was successfully
accomplished by utilizing extraction and crystallization.
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Fig. 1. Schematic diagram of the reaction apparatus.

1. Hot plate 2. Thermometer

3. Sampling tube 4. Pressure gauge
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7. Pre-chamber 8. Isobutylene

9. Argon 10. Vacuum pump

11. 3-Way valve
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Fig. 2. Isolation flow chart using liquid acid catalyst.
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Fig. 3. Isolation flow chart using solid acid catalyst.
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Table 1. Effect of various acid catalysts on selectivity
Catalysts %(w/w) Reaction time  Conversion(%) Selectivity (%)

‘ of MHQ (hr) of MHQ 25-MTBHQ*  2,6-MTBHY
Amberlite IR 120 100 3 16 100 -
Amberlyst-15 10 4 30.7 93.8 6.2
Phosphoric acid(85%) 100 3 15.6 855 145
Sulfuric acid(98%) 10 3 269 82.2 178
Sulfuric acid(70%) 10 3 20.0 82.3 17.7
Triflic acid(98%) 5 2 36.8 82.9 17.1

Reaction conditions : Initial mole ratio of MHQ : isobutylene, 1 : 1 ; temperature, 338 K ; solvent system, cyclohexane(15

m/) and 2-heptanone(15 m/)

22-methyl-5-tert-butylhydroquinone, °2-methyl-6-tert-butylhydroquinone
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Table 2. Effect of solvents on the tert-butylation of MHQ
with isobutylene using Amberlyst-15

Solvent* Conversion % Selectivity
of MHQ(%) 2,5-MTBHQ 2,6-MTBHQ
Ethylene glycol 52.9 89.7 103
dimethyl ether
Acetone+CH*® 248 - -
Cyclohexane nrt - -
EtQAc+CH? 68.2 916 84
2-Heptanone 75.0 92.2 7.8
THF + CH* 440 88.6 114
MEK+CH? 66.1 - -
2-Heptanone+CH"  80.4 929 7.1

Reaction conditions : Initial mole ratio of MHQ : isobutyl-
ene, 1:1; temperature, 338 K; Amberlyst-15, 100%(w
/w)MHQ

4Solvent system, 30 m/, *Solvent ratio, 1:1, ‘No reac-
tion
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o =
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Table 3. Effect of solvents on the tert-butylation of MHQ
with isobutylene using 70% sulfuric acid

Solvent® Conversion % Selectivity
of MHQ(%) 2,5-MTBHQ 2,6-MTBHQ
Ethylene glycol 252 83.6 164
dimethy! ether
Acetone+CH? 55.3 - -
Cyclohexane 97.3 72.3 27.7
EtOAc+CH? 742 843 15.7
2-Heptanone 80.0 83.9 16.1
THF + CH* 412 82.6 174
MEK + CH? 57.8 - -
2-Heptanone+CH? 845 87.2 12.8
Toluene 91.0 741 25.9

Reaction conditions : Initial mole ratio of MHQ : isobutyl-
ene, 1:1; temperature, 338 K ; 70% sulfuric acid, 100%
(w/w)MHQ

“Solvent system, 30 m/, *Solvent ratio, 1:1
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W g RS AR o B2 7S 2 F ok TBHQ : tert-butylhydroquinone

thokgt Suj 58 A slo] wrget A9 Mz} TCI s tertiary carbonium ion
shgoll Wisl7) o5& o = ik & AA Ak} oA 4 t-Bu : teri-butyl group
7] Zojol| 4] Lufel] wE AT E Bl wH A 3 HPLC : high performance liquid chromatogra-
Zojo) ¢ ool ot gule] dgo] vl A phy
Ueldck MS : mass‘ spectrometer ‘

B AT7Z Eslo] T4 5] 2u]al Amberlyst-15 FT-NMR  : Fourier transform-nuclear magnetic re-
o} AF ik Fvlgl A4S obF hydroquinone -2} sonance
frtbutylations) BT AEASRL F 4 A ultraviolet

) ) ; DMSO-ds  : dimethyl-ds sulfoxide

t}. 28] 3 2,5-substituted hydroquinoness} 2,6-substi- CDC, . chloroform-d

tuted hydroquinones& A d3] £ % A4 5 9l EtOAC

: ethyl acetat
sparg AAlskalch o

sl213% H30H M1S 19924 28



THF

sfol=g ARl H-FYS Wil B AT 25

: tetrahydrofuran

2,5-MTBHQ: 2-methyl-5-fert-butylhydroquinone
2,5-PTBHQ : 2-phenyl-5-tert-butylhydroquinone
2,5-DTBHQ : 2,5-di-tert-butylhydroquinone

)

triflic acid

: chemical shift
: trifluoromethanesulfonic acid (CF;SO;H)

MEK : methyl ethyl ketone

CH : cyclohexane

2-H : 2-heptanone

EtGDmE :ethylene glycol dimethyl ether

-R : alkyl group
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