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Abstract

H-MCM-41 is an efficient and recyclable catalyst for thans tert-butylation reaction between hydroquinone (HQ) &rd-butylphenols
in a solvent free condition at 16C. tert-Butyl hydroquinone is the major product and 2,5tait-butylhydroquinone (DTBHQ) is the
minor product in this reaction. Among variotrt-butylphenols tried, 2,6-diert-butyl-4-methylphenol is the best alkylating agent for
hydroquinone.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction catalyses the trantert-butylation reaction of HQ with 2,6-
di-tert-butylphenol prompting us, thereby, to investigate
tert-Butylhydroquinone (TBHQ) and 2,5-dért-butylhy- further.
droquinone (DTBHQ) are important phenolic anti-oxidants.
TBHQ, in particular, has found widespread use as a food
additive [1,2]. Both these additives are generally prepared
by alkylation of hydroquinone (HQ) withert-butanol or
isobutylene[3] using mineral acids like phosphoric acid 51 Materials
[4]. Methods are also reported for their preparation in

a continuous modg5]. tert-Butylation of aromatic ring 2,6-Di-tert-butylphenol, 2,4-diert-butylphenol (2,4DT-
can be effected using methytert-butyl ether as well BP (Fluka), tert-BuOH (Ranbaxy), HQ (Borregaard spa,
[6]. Transalkylation of simple phenols is reported over |taly), 2,6-ditert-butyl-4-methyl phenol (butylated hydrox-
heteropoly acidg7]. Our exploratory efforts for an eco- ytoluene, BHT), 2tert-butyl-4-methylphenol (2TB4MP)
friendly route and other similar investigations led us to (Quality Industries, Dhombivili, India) and dso-butylene
examine alkylation/transalkylation of HQ in presence of (GPL, Baroda) were used as such having been checked for

solid acid Catalysts. During the course of our earlier work punty (GC) before use. Other chemicals were Simi|ar|y
[8], we had observed dert-butylation and isomerisation  checked for purity before use.

in 2,6-ditert-butylphenol (2,6DTBP) over solid acid cat-
alysts. Interestingly, we observed that when HQ is added
to the above system the mesoporous material H-MCM-41

2. Experimental

2.2. H-MCM-41

H-MCM-41 was synthesized as per earlier rep8}t Cat-

* Corresponding author. Tek:91-265-2232622; alyst ch.ara.cterlzanon was carried out as givef8in Partlall
fax: +91-265-2232098. dealumination of H-MCM-41 was carried out by steaming
E-mail address: muthukumaru.pillai@ipcl.co.in (S.M. Pillai). at 525°C.
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2.3. S042712rOy

OH OH OH OH OH OH
— + +
SO42~/ZrO, was prepared by a method given in literature @ +*©X @ +@ @ @
OH R OH OH R R

9.

idi HQ (R=H, CH,) TBHQ DTBHQ
2.4. Acidity measurements

Scheme 1.
Acidity of H-MCM-41 samples was measured by BlH  1ap1e 2

adsorption followed by temperature programmed desorption Influence of reaction time on conversion and selectivity of products
method[10].

No. Time Conversion Conversion  Selectivity
) (h) of 2,6-DTBP  of HQ —_——
2.5. Reaction procedure TBHQ  DTBHQ
_ _ . . 9 1 21.9 14.8 95 5
The reaction was typically carried out in solvent free con- 9 1 20 16.9 100
dition. In a 10 ml round bottomed flask was taken 2,6DTBP 10 2 80.6 67.5 84 16
3 76.3 - 79 21

(10mmol), HQ (10 mmol) and H-MCM-41 (5wt.%). The 11
flask was fitted with a water condenser and closed witha N 2,6 DTBP: HQ = 1:1 (molar ratio); 160C; H-MCM-41 (SiQy/Al,03
balloon. The mixture was heated at T&Dfor 3 h with ef- =15) =0.030g.
ficient stirring. After cooling, the reaction mixture was dis- ~ ~ Recycle run.
solved in petroleum either (60-8C) and then in acetone.
The catalyst was filtered, the filtrate concentrated and there-antioxidants. TBHQ, in particular, finds an important place
after quantitatively analyzed by GC (Shimadzu 15A) using among food-grade additives. Earlier, we had observed dis-
a 2m long OV-17 column under temperature programmed proportionation, isomerisation and t&t-butylation in the
heating. The products were identified by comparison with reaction of 2,6-DTBP over mesoporous H-MCM-41 mate-
authentic samples. TBHQ was isolated by dissolving the re- rial. This reaction pattern prompted us to examine the effi-
action mixture in acetone, filtered to remove the catalyst, cacy of 2,6-DTBP in the transalkylation of HQ to furnish
concentrated and then column chromatographed over sil-TBHQ (Scheme 1
ica gel (60-120 mesh) (Qualigens fine chemicals, Mumbai) As evidenced fronTable 1 high HQ conversion (>90%)
using petroleum ether (6880°C) and dichloromethane as is observed at 160C. Only in entry 5, low catalyst amount
eluents in that order. TBHQ was eluted by dichloromethane reduced both the 2,6-DTBP and HQ conversions. The cata-
fraction. The isolated products were characterized using ele-lyst acidity seems to have very little impact on the conver-
mental analysis, melting point and GC-MS (Finingan, UK). sion as they all seem to be in the 91-99% range. TBHQ se-
lectivity is maximum when the catalyst acidity is the highest
(entry 7) and when reaction time is reduced by half (entry
3. Results and discussion 6 versus entry 1). These differences appear significant and
may be due to deert-butylation of DTBHQ formed under
The role of phenolics as anti-oxidants in a variety of appli- high acidic conditions or significant initial formation of
cations cannot be over estimated. The wide variety in struc- TBHQ in short reaction time. Long reaction timéaples 1
tures[11] matches their differential activity as also in their and 2 will only serve to increase the amount of DTBHQ.
synthetic methods. The alkylated phenols namely butylated Percentage molar composition of products and reactants
hydroxytoluene and TBHQ remain the simpler yet effective under different reaction times are given kig. 1L TBHQ

Table 1
Trans tert-butylation of hydroquinone with 2,6-DTBP catalyzed by H-MCM-41 of different acidity
No. Catalyst (amount) SigAl 03 Acidity Conversion of Conversion Products selectivity (%)
(mmol/g) 2,6-DTBP (%) of HQ (%)
TBHQ DTBHQ
1 H-MCM-41 (0.159) 30 0.811 92 78 (33.8) 22 (9.6)
2 H-MCM-41 (0.159) 60 0.77 93.2 86.9 83.6 (52.8) 16.4 (10.8)
3 - - NR - - - -
4 Steamed H-MCM-41 (0.159) >60 0.688 98.9 95.2 79 (55) 21 (14.5)
5 H-MCM-41 (0.0309) 30 0.811 86.0 85.3 83 (159) 17 (32.4)
62 H-MCM-41 (0.159) 30 0.811 98 91.3 95 (46) 5 (2.4)
7 H-MCM-41 (0.159) 15 0.891 97.5 91.3 94 (39) 6 (1.8)
8 SQy?~/Zr0; (0.15g) - 0.948 0 0 - -

2,6-DTBP: HQ= 1:1 (molar ratio); 160C: 3 h; values in the parentheses refer to turnover numbers (TON: mole of product formed/acidity of catalyst
taken).
a1.5h.
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80 Table 4
20 Effect of molar ratios of BHT and HQ otert-butylation of HQ
0 ——2-TBP No. Ratio of Selectivity (%) Conversion
—=— 4-TBP BHT to HQ TBHO DTBHQ of HQ (%)
< 0 2,6-DTBP
[5) .
2 40 2,4-DTBP 13 1:1 92 (72.2) 8 (6.3) 99.8
o
= s e 2.46-TTBP 14 1511 65(36.9)  35(19.8)  94.2
" . . TBHQ 15 1:15 81 (66.4) 19 (15.9) 87
e —— DTBHQ Catalyst = H-MCM-41 (SiQ/Al,03 = 30) = 0.15g; temperature=
10 Q/_' 160°C; time = 3h.
e E—— ]
0 +—= ‘
1 2 3 Time(Hr)

Fig. 1. Mol% composition of reaction mixture.

is the major component in the mixture. Yield of the prod-

OH OH OH
OH OH OH

uct is high initially (2 h) and at higher reaction time (3 h) "\ OH

the concentration of this product is decreased. DTBHQ,

2-, and 4-TBP are all at equilibrium concentration (see + Isobutylene oligomers
Fig. 1. Yield of 2,4-DTBP is marginally increasing. The

catalysts are consistently converting the alkylating agent OH

2,6-DTBP in high amounts. Other things being equal, low
catalyst amount and short reaction time (entry 5 and 6)
only seem to be increasing TBHQ selectivity (entry 1).

Scheme 2.

Overall turnover number (TON) of the products depends on Despite this, entry 8 shows BHT as the best performing
the acidity of the material. Increase in TON (entry 5) ap- alkylating agent with high HQ conversion, 92% TBHQ

pears to correspond with decrease in catalyst amount takenselectivity and high turnover for the products. It was thus
The catalyst is recyclable as evidenced by its activity after tempting to vary the reaction conditions using BHT to see

its filtration, washing, drying (100C for 0.5h) and reuse
(Table 2 entry &).

The efficacy of other alkylated phenols as alkylating
agents of HQ was studied. The results are givefahle 3
with alkylating agent and HQ ratio of 1:1 (entries 8, 9, 10
and 11). As can be seen, BHT provides highest HQ conver-
sion with high TBHQ selectivity (entry 8). 2,4-DTBP and
2,6-DTBP behave similarly. grt-Butyl-4-methylphenol
(2TB4MP), with onetert-butyl group in comparison to
other phenols gives about 46% HQ conversion—roughly
half to that given in case of BHT, 2,4-DTBP and 2,6-DTBP.
However, at 2TB4MP and HQ ratio of 2:1, the HQ con-
version improves to match those in entries 10 and 11.
This attests to the requirement of twert-butyl groups
in the alkyl phenol during trans-alkylation. Surprisingly
the TBHQ selectivity reaches 100% under this condition.

Table 3
tert-Butylation of HQ with differenttert-butylphenols

if any further improvement takes place. Effect of BHT and
HQ ratios was studiedTéble 4. But, the other two ratios
performed poorly in comparison with the 1:1 ratio of BHT
and HQ.

4, Mechanism

In order to establish the mechanism of the reaction, few
pilot experiments were carried out. When 2,6-DTBP was
reacted with HQ in the absence of H-MCM-4Table ]
run 3) there was no reaction suggesting presence of cata-
lyst is required. H-MCM-41 is a solid acid catalyst having
different acidity values depending upon its $i8l,03 ra-
tio (Table ). When steamed H-MCM-41 is used it shows
higher conversion of HQ, selectivity and turn overs of

No. Alkylating Agent Alkylating agent/HQ Conversion of HQ (%) Product selectivity (%)

TBHQ DTBHQ
8 BHT 1 99.8 92 (72.2) 8 (6.3)
9 2TBAMP 1 46.3 90 (46) 10 (5.2)
10 24DTBP 1 90 79 (61.6) 21 (15.8)
11 26DTBP 1 92 78 (33.8) 22 (9.6)
12 2TB4MP 2 89.3 100 (51.5) -

160°C: 3h; H-MCM-41 (SiQ/Al,03 = 30) = 0.15g.
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