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Abstract

Objectives. This study describes a new approach to obtain para-tert-butylcumene by alkylation
of cumene with isobutylene in the presence of catalysts, such as Amberlyst 36 Dry, KU-2-8,
aluminum chloride, and tert-butyl alcohol and concentrated sulfuric acid.

Methods. To determine the qualitative and quantitative composition of the compounds and
reaction masses, the following analysis methods were used: gas-liquid chromatography (on the
Kristall 2000M hardware-software complex), chromatomass spectrometry on an Agilent 6850
instrument equipped with an Agilent 19091S-433E capillary column (30 m x 250 um x 0.25 um),
and nuclear magnetic resonance spectroscopy (on a Bruker DRX 400 instrument with an operating
frequency of 400 MHz).

Results. A significant quantity of meta-tert-butylcumene was obtained by the alkylation of
cumene with isobutylene using several catalysts, along with para-tert-butylcumene. This study
also showed that the use of the catalysts Amberlyst 36 Dry and KU-2-8 during alkylation in a
closed system (autoclave) led to the formation of isobutylene oligomers, often in quantity greater
than the target reaction product. Simultaneously, the alkylation of cumene with tert-butyl alcohol
in the presence of concentrated sulfuric acid enabled the obtainment of only one isomer, para-tert-
butylcumene, which is essential for the further production of high-purity para-tert-butyl phenol.
Conclusions. Sulfuric acid alkylation of cumene with tert-butyl alcohol enabled the obtainment
of an individual para-isomer of tert-butylcumene with a yield of 87-89% for the loaded tert-butyl-
alcohol with a cumene conversion of ~30%.
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AnHOomauus

Ienu. B cmamee paccmampusaemcst 803MO2KHOCMb NOAYUEHUSL NApa-mpem-0ymMuiKyMOona AKUNU-
posaHuem KYmoaa usobymuneHom 8 Npucymcemauu makux Kamaiusamopos, kax Amberlyst 36 Dry,
KY-2-8, xnopucmulii antomMuHull, U mpem-6ymusiogbim CRUPMOM 8 NPUCYMCMBUU KOHUESHMPUPO-
B8AHHOU cepHOll KUC/IOMbL.

Memoowst. /s onpedeneHuss KAUECMEEHHO20 U KOAUUECMBEHHO020 COCmasa eeujecms u
PEeaKyUOHHBbIX MACC UCNONBL308AHLL cedyoujue Mmemoodbl. aHAAU3A: 20302KUOKOCMHAS
xpomamozpagus (Ha annapamHo-npoepammHom Komnaerce «Kpucmann 2000M»), xpomamo-
Mmacc-cnekmpomempus (Ha npubope Agilent 6850, ocHAWEHHOM KANUAAAPHOU KOAOHKOU
Agilent 19091S-433E (30 m x 250 mrxm x 0.25 MKM) U cneKmpocKkonust 10epHo20 MA2HUMHO20
pesoHaHca (Ha npubope «Bruker DRX 400» ¢ pabouumu uacmomamu 400 MI'y).

Pe3synomamul. YcmaHo8eHO, UMO 8 npouecce ANKUAUPOBAHUSL KYMOIA U300YMuneHOM C
UCNONBL308AHUEM NEPEeUUCTeHHbIX KaMaausamopos Hapsidy ¢ napa-mpem-0ymunkymosnom ob-
pasyemest 3HauumeabHoe Koauuecmaso mema-mpem-oymunxymona. Taxrke uccaedo8aHust noka-
3anu, umo npumerHeHue kamanuzamopos Amberlyst 36 Dry u KY-2-8 npu ankunuposaHuu 8
3amMKHYmMoU cucmeme (aemoraas) npusooum K o6pa3zo8aHUI0 OSU20MEPO8 U30OymuieHa, Koau-
Yecmeo Komopblx MHO20KpamHo npeobnadaem HAO uesnesbim Npooykmom peakyuu. B mo sxe
8pemsi YCMaHOBNEHO, UMO ANKUAUPOBAHUE KYMOLA mpem-0ymusiogbim CNUpmom 8 npucym-
cmeuu KOHUeHmMpupos8aHHOU CEepHOU KUCIOMblL NO380/5lem NoAYUams moabKO 00OUH U30Mep —
napa-mpem-6ymunikymos, umo umeem 8arKHoe npakmuueckoe 3HaueHue 0Nl OaslbHelulezo
nosyueHust napa-mpem-6ymunigeHona ¢ 8blCOKOU cmeneHblo “ucmomal.

Bobi800bl. CepHOKUCIOMHOE ANKUAUPOBAHUE KYMONA MPem-0ymuaiogbim CNUPMOM NO380sL-
em noayuums UHOUBUOYANbHBLIL napa-uzomep mpem-bymunkymona c eblxooom 87-89% Ha
3a2pyrKeHHbLI mpem-6ymusogulii cnupm npu KoHeepcuu kKymoaa okosro 30%.

Knroueseste cnoea: napa-mpem-6ymunkymos, usobymusien, mpem-6ymunosslii cnupm, aniKu-
AuposaHue

Jna yumupoeanua: Spkuna E.M., Kypranosa E.A., ®ponos A.C., Komens I'H., Hecteposa T.H., Illakyn B.A.,
Crnupunono C.A. Cunte3 napa-mpem-Oytunkymona. Toukue xumuueckue mexuonoeuu. 2020;16(1):26-35. https://doi.

org/10.32362/2410-6593-2021-16-1-26-35

INTRODUCTION

Alkyl- and dialkylaromatic  hydrocarbons
containing an isopropyl fragment in their structures
are valuable products in the petrochemical synthesis.
The oxidative transformations of these hydrocarbons
underlie the synthesis of various (alkyl)phenols
[1-6], among which para-tert-butylphenol is
of particular interest. Its scope of application is
constantly expanding, covering the production of

antioxidants, pesticides, rubbers, lacquers, paints, and
pharmaceuticals [8—13]. The most promising areas of
the para-tert-butylphenol use are the production of
phenolic resin used in glued leather products, and the
production of calixarenes based on it [14, 15].
Currently, para-tert-butylphenol is industrially
obtained by the alkylation of phenol with isobutylene
in the presence of ion-exchange resins or macroporous
sulfocationites of the Amberlyst type [16]. However,
the main limitation of this method is the low selectivity
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Scheme. Method for the obtainment of para-tert-butylphenol.

of the para-tert-butylphenol formation (70-75%).
Along with para-tert-butylphenol, ortho- and meta-
isomers are also formed owing to the similar boiling
points of these species, which significantly complicates
the separation of para-tert-butylphenol from the reaction
mixture with a sufficiently high degree of purity.

An alternative method for the synthesis of para-
tert-butylphenol based on the selective preparation of
para-tert-butylcumene (para-TBC) is proposed, which
excludes the formation of ortho- and meta-isomers of
tert-butylphenol [17]. The subsequent liquid-phase
oxidation of para-TBC into tertiary hydroperoxide and
its acid decomposition leads to the production of para-
tert-butylphenol and acetone (Scheme).

In this study, the issues related to the investigation
of several regularities in the synthesis of para-TBC by
alkylation of cumene with isobutylene and tert-butyl
alcohol in the presence of various catalysts are discussed.

MATERIALS AND METHODS

The reagents fert-butyl alcohol (AR, TU 2632-127-
44493179-08) produced by ECOS-1 (Russia), sulfuric
acid (CP, GOST 4204-77) produced by Sigma Tech
(Russia), cumene 99.9% extra pure produced by Acros
Organics (USA) were used. Isobutylene (99.95% (mass),
grade “A”), the sulfocationites KU-2-8 and Amberlyst 36
Dry, and the AICI, catalyst (99.0% (mass)) were provided
by NNK (Russia).

The main method for the reaction mixture analysis
was gas—liquid chromatography. The chromatographic
analysis was performed on a Kristall 2000M device
(Chromatec, Russia) with Chromatec-Analyst hardware
and software complex, equipped with a flame ionization
detector, a gas flow divider, and a quartz capillary column
(60 m x 250 pm % 0.25 um) with a grafted stationary
phase SE-30. Helium was used as the carrier gas. The
carrier gas pressure at the column inlet was 3 atm, and
the pressure stability was ensured by double reduction.
The temperature profile was as follows: isotherm 333
K-10 min, temperature rise 20 K/min, isotherm 413 K-40
min. The temperatures of the evaporator and detector
were 230°C and 260°C, respectively.

The components of the alkylation reaction mixtures
were identified by gas chromatography combined with
mass spectrometry (GC-MS). GC-MS analysis was
performed on an Agilent 6850 gas chromatograph
(Agilent, USA) equipped with an Agilent 19091S-433E
capillary column (30 m X 250 pm x 0.25 pm) with a
fixed phase of HP-5MS (5% diphenylpolysiloxane +
95% dimethylpolysiloxane) and an Agilent 5975C VL
MSD mass-selective detector at an ionizing voltage of
70 eV. The identification of the reaction products was
performed through the analysis of the mass spectra of
the compounds using the rules and approaches described
by Lebedev [18], and also the data from the NIST2017
library [19].

The nuclear magnetic resonance (NMR) spectra were
recorded using a Bruker DRX 400 NMR spectrometer
(Bruker, USA; 400 MHz frequency). A mixture of
DMSO-d-CCl, was used as a solvent. Tetramethylsilane
was used as the internal standard.

EXPERIMENTAL

Obtaining para-tert-butilcumene

Method 1. Alkylation of cumene with tert-butyl
alcohol in the presence of concentrated sulfuric acid

The alkylation was performed in a round-
bottomed three-necked flask equipped with a stirrer,
a thermometer, and immersed in a water bath. The
calculated quantity of concentrated sulfuric acid
was slowly added to the loaded hydrocarbon. Next,
tert-butyl alcohol was added drop by drop at a given
temperature and continuous stirring (the rotation
speed of the agitator was 250 rpm) using a separating
funnel. After the reaction mixture was transferred to
a separating funnel and sulfuric acid layer separated
from the hydrocarbon layer, the latter was washed
with distilled water until a neutral environment
was achieved and dried over calcium chloride.
The resulting alkylate was analyzed on a Crystal
2000M gas—liquid chromatograph and subjected to
rectification under vacuum.

The synthesized para-TBC showed the fol-
lowing constants: 7, =217°C[19]. '"HNMR spectrum
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(6, ppm, J, Hz): 7.28 d (2H (arom.), H-2, H-6, 3J=28.1),
7.14 d (2H (arom.), H-3, H-5, 3J = 8.1), 2.8-2.9 septet
(1H, CH (isopropyl), 3J = 6.8); 1.25 ¢ (9H, C(CH,),),
1.18 d (6H, 2CN, (isopropyl), 3J = 6.8).

Method 2. Alkylation of cumene with isobutylene

The first method was a liquid-phase alkylation
performed in a closed-type reactor (autoclave) using two
grades of sulfocationites—KU-2-8 and Amberlyst 36 Dry
(A36Dry) as catalysts.

In this method, alkylation was performed in
reactors of the “glass ampoule with a screw cap” type
manufactured by SamSTU glass-blowing workshop.
The diagram is shown below (Fig. 1). Sealed
cylindrical batch reactors were fabricated using
molybdenum glass with a volume of 4-5 mL, internal
diameter of 6 mm, and a wall thickness of 2 mm.

—

Fig. 1. Alkylation reactor:
(1) molybdenum glass reactor, (2) metal bearing,
(3) swivel nut, (4) copper ring, (5) gasket seal.

The second method was a gas-phase alkylation
performed in a tubular flow-type reactor manufactured in the
SamSTU glass-blowing workshop (Fig. 2). Cumene was
added to the top of the reactor (v, = 5 mL/min) from a
graduated separation funnel, and isobutylene was added
to the bottom of the gas cylinder through a rheometer
and a calibrated capillary (v , = 120 mL/min). A tank for
collecting the alkylation product was also provided
in the lower part of the reactor. The process was
performed at atmospheric pressure, and the unreacted
isobutylene was removed using a reverse refrigerator
installed in the upper part of the reactor. The volume
of the reaction zone filled with the A36Dry catalyst
was 5 cm’.

Method 3. The third method was liquid-phase
alkylation of cumene with isobutylene in the presence
of aluminum chloride in a reactor containing a stirrer

-4

3

Fig. 2. Scheme of flow tubular reactor:
(1) IPB feeding, (2) isobutylene feeding,
(3) alkylate to receiver, (4) catalyst bed, (5) vent gas,
(6) heat carrier.

Fig. 3. Scheme of the jacketed reactor with stirrer:
(1) to reflux condenser, (2) for samples collection,
(3) heat carrier.

and a jacket for the coolant, also manufactured in
the SamSTU glass-blowing workshop (Fig. 3). The
process was performed at atmospheric pressure, and
the unreacted isobutylene was removed through a
return cooler installed in the upper part of the reactor.
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RESULTS AND DISCUSSION

Although extensive information is available
on the regularities of the alkylation of aromatic
hydrocarbons by olefins or alcohols, insufficient data
on the synthesis of para-TBC have been reported. A
method for the alkylation of cumene with isobutylene
on tableted montmorillonite clay at elevated pressure
and temperature of 135°C was described, and the
product yield was 71.1% under these conditions [20].
An alternative method using alkylation of cumene
with 1-butene or 2-butene on HZSM-12 zeolite at
200°C and pressure of 20 atm was also described,
achieving 95% of selectivity for the alkylating
agent in the para-position, the remaining 5% was
alkylated in the meta-position [21]. The formation
of a large number of by-products, (i.e., ortho-tert-
butylcumene, meta-tert-butylcumene, diisopropyl-
benzene, isopropyltoluene, among others) along
with para-TBC, makes necessary the use of complex
systems for isolating the target product. Therefore,
the search for selective methods to synthesize para-
TBC is important, aiming for further implementation

of the technology for the joint production of para-
TBC and acetone.

In this regard, initial attempts were made to
obtain para-TBC by alkylation of cumene with
isobutylene. As can be seen from Table 1, the
alkylation of cumene with isobutylene, in open
and closed systems in the presence of the A36Dry
catalyst, was not selective and was accompanied by
the formation of the meta-TBC and para-TBC. The
ratio of meta- and para-isomers was 0.12-0.17. The
use of aluminum chloride as a catalyst contributed
to an even more intensive formation of meta-TBC
and led to an increase in the ratio of meta- and para-
isomers of TBC up to 0.72.

The alkylation in a closed system using A36Dry
and KU-2-8 catalysts was followed by a substantial
formation of isobutylene oligomers. The analysis of
the reaction products demonstrated that the content
of oligomers significantly exceeds the content of
the para-TBC target product. The transition to gas-
phase alkylation in a tubular flow-type reactor using
an A36Dry catalyst and liquid-phase alkylation in a
stirrer reactor using AICI; reduced the formation of

Table 1. Alkylation of cumene with isobutylene in the presence of various catalysts

Temperature. Ll Reaction time B
Catalyst P K ’ concentration, . ’ m- and p-isomers
wt % min of TBC
353 5.0 60 no alkylation
A36Dry* (closed system — 373 5.0 5/10/15/30/90
autoclave) 393 5.0 15/30/60/90/120 0.12-0.17
393 25.0 30/60/90/120
393 5.0 30/60/90/120
KVY-2-8* (closed system) 0.12-0.15
393 25.0 30/60/90/120
A36Dry** (flow system) 393 _ 1
0.12-0.15
373 - 1
90 0.41
303 0.25 150 0.41
180 0.40
AICL** (liquid-phase alkylation, 303 05 40 0.68
open system) ’ 80 0.68
40 0.72
303 0.75 100 0.72
140 0.67

*active formation of isobutylene oligomers;

**oligomers of isobutylene are formed in small amounts, which is ensured by the short residence time of isobutylene in the

reaction zone.
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isobutylene oligomers to insignificant quantities,
which can be explained by the short residence time of
isobutylene in the reaction zone.

According to the conducted studies, the
obtainment of an individual para-isomer of TBC
was not possible through the alkylation of cumene
with isobutylene in open and closed systems in the
presence of A36Dry, KU-2-8, and AICI, catalysts.

Simultaneously, the alkylation of cumene
with tert-butyl alcohol (TBA) in the presence of
concentrated sulfuric acid practically eliminated all
the formation of the meta-isomer of TBC (Table 2).
Therefore, these investigations revealed that this
reaction does not follow the usual rules of orientation,
despite the mild conditions of the process. This can
be explained by the appearance of the steric effect
associated with the size of the functional group and the
resulting spatial difficulty. According to previously

reported, the ratio of ortho-and para-isomers in the
alkylation of alkylphenols depends on the size of the
incoming alkyl group. For example, the ratio of
o- and p-isomers in the alkylation of toluene CH,Br
is 1.9 : 1; (CH,),CHBr—1.2 : 1; CH,CH,Cl-—0.82 : 1;
no ortho-substitution product was detected during
alkylation with tert-butyl bromide [22].

Accordingly, when the cumene was alkylated
with fert-butyl alcohol in a 30 min reaction at 35°C
with molar ratio cumene : TBA : H,SO, 3 : 1 : 3, it
was possible to synthesize para-TBC with a yield of
87-89% on the loaded TBA with a cumene conversion
of ~30%. Table 3 shows the material balance of the
process.

The para-TBC isolated from the reaction mixture
can be oxidized to tertiary hydroperoxide, which can
be decomposed to produce para-tert-butylphenol
together with acetone [23].

Table 2. Influence of various parameters on the alkylation of cumene with zert-butyl alcohol (TBA)
in the presence of sulfuric acid. Cumene : TBA : H SO, ratiois 3: 1:3

@ e 10 Cumene conversion, p ara-TB? para-TBC yield for the taken
Temperature, °C | Reaction time, h o concentration, o
%o wt % tert-butyl alcohol, %
20 0.5 23.6 16.8 71.1
25 0.5 28.2 23.4 82.9
30 0.5 32.9 34.8 89.4
35 0.5 49.0 42.7 87.1
30%* 0.5 35.5 14.4 49.0
15 0.25 19.2 12.1 63.0
15 1.0 20.1 12.5 62.0
15 2.0 21.3 13.3 62.4
15 3.0 30.4 13.7 45.0

*the ratio of cumene : TBA : H,SO,is 2 :1:2.

Table 3. Material balance of the process of alkylation of cumene with tert-butyl alcohol (TBA)

in the presence of concentrated sulfuric acid

Compound Molar mass, g/mol Taken Obtained

g wt % g wt %
Cumene 120.19 49.5 49.50 35.37 35.37
TBA 74.12 10.17 10.17 0.00 0.00
H,SO, 98.08 40.33 40.33 39.53* 39.53*
para-TBC 176.30 0 0.00 20.47 20.47
di-TBC 233.41 0 0.00 2.33 2.33
Losses - 0 0.00 2.30 2.30
Total - 100.00 100.00 100.00 100.00

*mass of acidic layer after reaction.
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CONCLUSIONS

In summary, the regularities of the alkylation of
cumene reaction with isobutylene in the presence of
catalysts such as Amberlyst 36 Dry, KU-2-8, aluminum
chloride, and TBA, and concentrated sulfuric acid were
investigated. The sulfuric acid alkylation of cumene
with TBA produced an individual para-isomer of tert-
butylcumene with a yield of 87-89% on the loaded
TBA with a cumene conversion of ~30%. These results
confirmed that high-purity para-tert-butylphenol can be
obtained using the hydroperoxide method based on the
aerobic liquid-phase oxidation of para-TBC.
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