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The roles of 3- and 4-isopropylbiphenyls in the isopropylation
of biphenyl over a H-mordenite
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The isopropylation of mixtures of 3- and 4-isopropylbiphenyls (3- and 4-IPBPs) was examined over a dealuminated H-mordenite (HM)
to elucidate the role of 3- and 4-IPBPs in the isopropylation of biphenyl (BP). 4-IPBP was consumed much faster than 3-IPBP in all cases.
4-IPBP was an exclusive precursor to diisopropylbiphenyls (DIPBs), particularlyD4RB, and 4,4DIPB was found in encapsulated
products during the reaction. These results show that 4-IPBP can allow establishment of an active complex with propylene and acid site in
HM pores, whereas 3-IPBP cannot. Itis concluded that the isopropylation of BP over HM occurs threadfara selectivity mechanism,
and through aestricted transition state mechanism, but not through g@roduct selectivity mechanism.
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1. Introduction air at 450°C prior to the reaction. BP, 3-IPBP, 4-IPBP, and
4,4-DIPB were obtained from Tokyo Kasei Kogyo Ltd. The
Shape-selective catalysis over zeolites occurs by diffésopropylation was carried outin a 100 ml stainless-steel au-
entiating reactants, products, and/or reaction intermediateslave in the presence of propylene. A standard set of reac-
according to their shape and size in sterically restricted etion conditions is included: an equimolar mixture of 3- and
vironments of their pore structures [1,2], and it is the mogtIPBPs 100 mmol, HM 1 g, propylene pressure 0.8 MPa
promising way to synthesize the symmetrically substitutethd reaction temperature 2%0. Product composition was
polynuclear aromatics. H-mordenite (HM), paticularly afedetermined by a Shimadzu gas chromatograph model GC-
ter dealumination is the effective catalyst for shape-selecti¥é¢A equipped with a capillary column of Ultra-1 from HP,
isopropylation of biphenyl (BP) to 44liisopropylbiphenyl as previously described [4,5]. Encapsulated products in cat-
(4,4-DIPB) [3-10]. We have been interested in why andlysts recovered from the reaction were also analyzed by GC
how shape-selective catalysis occurs, and proposed that @fter the destruction of HM used for the reaction by aqueous
types of mechanisms, originally proposed by Csicsery [ydrofluoric acid solution.
operate in this catalytic reaction [3,5]. The first mecha-
nism is therestricted transition state mechanism; it works ) ]
in the first step of the alkylation of BP to isopropylbiphenyls: Resultsand discussion

(IPBPs), and in the second stage of 4-IPBP td-D¥B. The isopropylation of biphenyl over dealuminated HM

T_he .s_econi mecr;]anism is dtlneacta?t hselecl:lt(ivlity_ nec??l-DB lglt a moderate temperature and a propylene pressure occurs
nism; it works on the second step of the alkylation o shape-selectively to yield predominantly the least bulky iso-
to DIPB to choose 4-IPBP as only a precursor of Q{PB.

i i X mers, 4-IPBP among IPBP isomers (IPBPs), and-B)#B
However, roles of intermediate products, particularly 3- ar}ﬂnong DIPB isomers (DIPBs) [3-5]. Diisopropylbiphenyls

4-1PBPs were still unclear because they were observed O'Z'HIPBS), particularly 4,4DIPB, were produced with the
in low amounts during the reaction. In this paper, we deqng mption of 4-IPBP and the accumulation of 2- and 3-
scribe the isopropylation of mixtures of 3- and 4-IPBPS ovgpppg and the selectivity for 4-DIPB was almost constant
a dealuminated H-mordenite, and discuss their roles in tginq the reaction. However, roles of the intermediates, 3-
isopropylation of BP. and 4-IPBPs, are still unclear because their yields are too
small to analyze their roles. It is important to elucidate the
relative reactivity of 3- and 4-IPBPs, and the selectivity of
DIPBs from them. For these purposes, we examined the iso-
The dealuminated HM (SigAI,0; = 128) was ob- prop:ylation of an equimolar mixture of_ 3- and 4-IPBPs at
tained from TOSOH Corp., Tokyo, Japan, and calcined %50. C under 0.8 MPa of propylene. Figure 1 ;hows com-
position of bulk and encapsulated products during the reac-
* To whom correspondence should be addressed. tion. The initial rate for the isopropylation of IPBPs was very

2. Experimental
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Figure 1. The isopropylation of an equimolar mixture of 3- and 4-IPBPs. Reaction conditions: 3- and 4-IPBPs (1:1) 100 mmol (total), HM(128) 1 g,
propylene 0.8 MPa, temperature Z5D.
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Figure 2. Effects of initial 3-/4-IPBP ratio on the isopropylation of the mixture of 3- and 4-IPBP. Reaction conditions: 3- and 4-IPBPs 100 mjmol (total
HM(128) 1 g, temperature 25, propylene 0.8 MPa, period 4 h.

high. The 4-IPBP isomer was much more reactive than Beaction step. Some of 3-IPBP should participate in the iso-
IPBP. Although 70% of 4-IPBP was consumed in the initighropylation, whereas its principal reaction sites should be at
10 min, only 7% of 3-IPBP was consumed during the santiee external surface of HM.

period. The results mean that there is an about ten timesFigure 2 summarizes the effect of initial 3-/4-IPBP ra-
difference between these two isomers in their initial reatio on their isopropylation. The selectivity of bulk products
tion rate. After initial rapid reaction over fresh catalysts, theas changed significantly with the ratio of both isomers.
isopropylation slowed down, and proceeded gradually witvhen the isopropylation started from a mixture with initial
reaction period. The selectivity for 4;DIPB in both bulk 3-/4-IPBP ratio of 1: 4, 4-IPBP was consumed preferentially
and encapsulated products was high and constant duringtindorm 4,4-DIPB, whereas the conversion of 3-IPBP was
reaction. The selectivity for 4DIPB in encapsulated prod- very low. However, the conversion of 3-IPBP and the yield
ucts was higher than that for bulk products; the differencedd 3,4-DIPB increased with the increase of the amount of
due to the isopropylation of 3-IPBP at acid sites on the ext&d-IPBP in the reactant mixture. It means that 3-IPBP iso-
nal surface. These results show that the isopropylation of Bfers could participate in the isopropylation after the amount
occurs by a consecutive mechanism inside HM pores: BPas4-IPBP decreased. Product composition of encapsulated
isopropylated to IPBPs with selective formation of 4-IPBRyroducts was also shown in figure 2. The encapsulated DIPB
and 4-1PBP yields 4;4DIPB regioselectively in the secondisomer was exclusively 4DIPB for all initial 3-/4-IPBP
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Figure 3. Effects of reaction temperature on the isopropylation of an equimolar mixture of 3- and 4-IPBPs. Reaction conditions: 3- and 4-IPBPs (1:1)
100 mmol, HM(128) 1 g, temperature 225-325 propylene 0.8 MPa, period 4 h.

ratios, and their selectivities weca. 80% even when the re- is isomerized at the external acid sites at higher tempera-
action started from initial 3-/4-IPBP ratio ¢&. 4:1. These tures.

high selectivities in encapsulated products show that 4-IPBP Figure 4 summarizes the effect of propylene pressure on
was the exclusive precursor for 4@IPB and that selec- the isopropylation of an equimolar mixture of 3- and 4-
tive formation of 4,4DIPB occurs inside the pore. 3-IPBPIPBPs. The composition of bulk and encapsulated prod-
was found in considerable amount in encapsulated produétsts shows similar features to the isopropylation of BP [3,4];
particularly when a mixture which contains 3-IPBP in théhe selectivity for 4,4DIPB decreased with the decrease in
high ratio was used as substrate. However, the selectivity fiopylene pressure, whereas the selectivity fof-BHPB in
3,4-DIPB was less than 10% in all encapsulated products.@bcapsulated product remained constant under every pres-
means that the isopropylation of 3-IPBP does not occur sigré; eéven under low pressure as 0.2 MPa. These results
nificantly although 3-IPBP can enter HM pores. The low reshoW that 4,4DIPB is formed exclusively from 4-IPBP un-
activity of 3-IPBP inside the pores is ascribed to the fact thde" €very pressure. The decrease of the selectivity under
the HM pore is too narrow to establish an active comple!P Pressure of propylene is due to the isomerization df 4,4
Almost no further isopropylation of 40IPB was observed DIEB Fo thermodynamically stable 3;BIPB at the external

in both bulk and encapsulated products in all mixtures. HI@ICld sites [3,4].

. . Figure 5 shows the effect of ceria-modification on the

ores are too small to form polyisopropylbiphenyls (PIPBS) . . .

P : . . polyisopropylbiphenyls ( ?éopropylatlon of mixtures of 3- and 4-IPBPs. Ceria mod-

as discussed in previous papers [3-5]. e ] . . .

Fiqure 3 shows the effect of reaction temperature on t#]fécatlon is an effective method to deactivate acid sites over
9 P external surface of HM [10]. The selectivity of 4.BIPB

isopropylation of an equimolar mixture of 3- and 4-IPBPs, 4 fom 47 to 68% in the isopropylation of initial

The conversion of 3- and 4-IPBPs increased with the i ) |bpp ratig of 1:3. Similar improvement of the selec-

crease of temperatL/lre, and 4-IPBP was consumed M ity for 4,4'-DIPB was observed at high temperature and
faster than 3-IPBP. 4DIPB was selectively formed at low under low propylene pressure from an equimolar mixture of

to moderate temperatures; however, the selectivity 6t 4,4_ 5,4 4_|pBPs as shown in figure 5, and the selectivity of
DIPB decreased with temperatures higher than’ZZsThe 3 3 anq 3 4-DIPBs decreased significantly. The improve-

product composition of isopropylated BP derivatives insidgent resulted by the deactivation of external acid sites, as
pores was quite different from that of bulk products. Thgescribed in the previous paper [10].

selectivity for 4,4-DIPB was higher than 80% at all tem-  The results of this work are in a good agreement with
peratures, even at such a high temperature aS@G0Uhese  the features of the isopropylation of BP, in which’41PB
results again show that the precursor of 44PB is 4-IPBP, was formed principally from 4-IPBP inside HM pores, and
and that 3-IPBP is not isopropylated effectively to DIPBs insome of 3,4DIPB was formed from 3-IPBP at the exter-
cluding 3,4-DIPB, although 3-IPBP is found in considerableal acid sites. The high reactivity of 4-IPBP, as compared
amounts in encapsulated products. These features are \erg-IPBP, was due to the recognition of difference in bulki-
similar to the isopropylation of BP [3,5]. The catalysis ocness among IPBP isomers inside HM pores. These findings
curs inside HM pores to give 4;DIPB shape-selectively at lead to the conclusion that both thestricted transition state
every temperature, whereas ‘4R2PB formed inside pores mechanismand thereactant selectivity mechanismoperate in



162 Y. Sugi et al. / 3- and 4-IPBPs

Bulk products Encapsulated products

m— 100 — — -

oes | &

3.3-DIPB | § 60

3.4-DIPB §

aapp | £

[] a-pBP 3 20

B 3-pBP

0.8 0.4 0.2 0.1 0.8 0.4 0.2 0.1
Propylene pressure (MPa)
3-IPBP conversion(%) 17.4 191 279 303 - - - --
4-IPBP conversion(%) 949 955 875 79.6 -- -- -- -
4,4'-DIPB selectivity(%) 69.4 67.3 427 18.1 79.8 848 87.9 86.9

Figure 4. Effects of propylene pressure on the isopropylation of an equimolar mixture of 3- and 4-IPBPs. Reaction conditions: 3- and 4-IPBPs (1:1)
100 mmol, HM(128) 1 g, temperature 250, propylene 0.1-0.8 MPa, period 4 h.
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Figure 5. Effects of ceria modification of HM on the isopropylation of the mixture of 3- and 4-IPBPs. Reaction conditions: (A) 3- and 4-IPBPs (78:22)

100 mmol (total), HM(128) 1 g (as HM for Ce(30)HM(128)), temperature A50propylene 0.8 MPa, period 4 h. (B) 3- and 4-IPBPs (1:1) 100 mmol

(total), HM(128) 1 g (as HM for Ce(30)HM(128)), temperature 30 propylene 0.8 MPa, period 4 h. (C) 3- and 4-IPBPs (1:1) 100 mmol (total),
HM(128) 1 g (as HM for Ce(30)HM(128)), temperature 2%L) propylene 0.1 MPa, period 4 h.

this isopropylation reaction. The former mechanism works Conclusion

in the first step of the isopropylation: 4-IPBP is predom-

inantly formed because it has the smallest transition state The isopropylation of BP over HM occurs shape-selec-
among IPBP isomers. Both mechanisms work in the secotikly to yield 4,4-DIPB. 3- and 4-IPBPs are considered to
step from IPBPs to DIPBs; 4-IPBP becomes the precurdse key intermediates in the isopropylation. We examined the
to DIPBs because it is the least bulky among IPBP isomeisppropylation of mixtures of 3- and 4-IPBPs over a dealu-
yielding 4,4-DIPB because it forms the smallest transitiominated HM to elucidate their roles in the isopropylation of
state with propylene and acid sites inside pores. On the otiB#.

hand, theproduct selectivity mechanism does not operate in  The initial rate of 4-IPBP was ten times faster than that
the isopropylation of BP. If it operated, the isomer composof 3-IPBP. This is one of the major reasons for the shape-
tions in encapsulated products should be in equilibrium, orsglective catalysis. 4-IPBP was almost exclusive precur-
least the selectivity for 4,4DIPB in encapsulated productssor to DIPBs, particularly 4,4DIPB. 4,4-DIPB was always
should be much lower than that in bulk products becaugaund with high selectivity in encapsulated products. This
only the less bulky products, 4-IPBP and/or'4¥PB come is a second indication for shape-selective catalysis. Only
out to the bulk products. 4-1PBP can form an active complex with propylene and acid
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site in HM pores, whereas 3-IPBP cannot. These shapeq

selective reactions occur through thestricted transition
state mechanism and through theeactant selectivity mecha-
nism. On the other hand, tharoduct selectivity mechanism
does not operate in the isopropylation of BP over HM.
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