Organic Process Research & Development 2005, 9, 814-817

Communications to the Editor

Regioselective Synthesis of

2,6-Dimethylnaphthalene

2,6-Dimethyltetralin:

Key Precursor to

Byung Hyun Kim, Jong Gil Lee, Woon Ki Kim, and Young Gyu Kim*
School of Chemical and Biological Engineering, Seoul Nationalvgrsity, Seoul 151-744, Republic of Korea

Abstract:

A novel regioselective synthesis for 2,6-dimethyltetralin (2,6-
DMT), a key precursor to 2,6-dimethylnaphthalene (2,6-DMN),
is described. The synthesis comprises the following three steps;
the Heck reaction between commercially available 4-bromo-
toluene and 3-methyl-3-buten-1-ol, the catalytic reduction of
the coupling products, and the acid-catalyzed cyclization of the
alcohol intermediate. The process has an advantage over the
established processes in that 2,6-DMT is obtained as the only
isomer, and the isomerization and/or the complicated separation
and purification steps are not required to produce pure 2,6-
DMT. 2,6-DMN could be also obtained as a major product
depending on the cyclization conditions.

Introduction

2,6-Dimethylnaphthalene (2,6-DMN) is an important raw
material in industry for the synthesis of poly(ethylene
naphthalate) (PEN) and liquid crystalline polym&mEN
is a high performance polyester superior to poly(ethylene

addition of p-xylene to butene or butadiene to generate a
mixture of adducts and then cyclodehydrogenation to furnish
2,6-DMN S Kobe Steel and Mobil Technology Company
have investigated the process in which naphthalene or meth-
ylnaphthalene is used as a starting material to produce 2,6-
DMN.”# However, most of the above processes yield a mix-
ture of DMN isomers and have to go through an extra separa-
tion and/or purification step to produce pure 2,6-DMN. Some
of them are suffering from low yield of the desired product.

There are 10 possible isomers of DMN, and it is difficult
to obtain pure 2,6-DMN free from other DMN isomers using
conventional separation methods such as distillation or
solvent extraction. In particular, it is troublesome to cleanly
separate 2,6-DMN from 2,7-DMN because they are very
similar in some physical properti€d herefore, it is worth-
while to develop a synthetic method for 2,6-DMN free from
other isomers. We have recently developed a regioselective
synthetic process for 2,6-dimethyltetralin (2,6-DMT) whose
conversion to 2,6-DMN by catalytic oxidation is well
establishetf and report the results as follows.

terephthalate) (PET) in many properties such as mechanical,

thermal, and electrical properties. Therefore, it has receivedResults and Discussion

continual attention since the late 1950s because of its high  Our retrosynthetic analysis for the regioselective synthesis
growth potential in a variety of applications including of 2,6-DMT is shown in Scheme 1. The Heck reaction
packaging. However, PEN has been slow in expanding its between commercially available compounds, 4-halotoluene

market share because of short monomer supply that is related4) and 3-methyl-3-buten-1-ol5f, would provide the key

to the price and availability of 2,6-DMN.
The mass production of 2,6-DMN by separation from
naphtha oil did not look feasibfeand various synthetic

precursor3 with an excellent regioselectivity after catalytic
reduction of the coupling product. The regioselectivity in
the Heck reaction of aryl halides with 1,1-disubstituted

methods aimed at its economical production have beenalkenes is known to be nearly exclusive to yield the

proposed:®* BP Amoco has commercialized a four-step
process for 2,6-DMN that involves the isomerization of 1,5-
DMN derived from 5-6-tolyl)pent-2-ene into 2,6-DMN and
the separation between thérvlitsubishi Gas Chemical has
also explored several potential routes to 2,6-DRBiptatech

substitution products at the terminal carbon of the alkenes
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Scheme 1. Retrosynthetic analysis for the regioselective
synthesis of 2,6-DMT and 2,6-DMN
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Scheme 2. Regioselective synthesis of 2,6-DMT
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as the only isomeric productd®® Cyclization ofpara-aryl
substituted alcohd under the conditions of a FriedeCrafts
alkylation reaction should produce the desired isoger

In reality, the Pd-catalyzed coupling reaction of 4-bro-
motoluene 4a) and 5 resulted in the expectepara-sub-
stituted product as an isomeric mixture of alkefesgether
with aldehyde7 in a combined yield of 90% (Scheme 2).
Formation of the olefinic mixturé can be explained by the
pB-hydrogen elimination of the different hydrogens at C-2,
C-4, or C-5 with the initial Pd adduct at C-3. Aldehydés
most likely obtained from the corresponding enol isomer
derived from the in situ Pd-catalyzed isomerization of the
double bond at C-2 and C¥3The ratio of6 to 7 was about
3:2. The same Heck reaction with 4-iodotoluedé)(gave
a low yield (25%) of the desired coupling products, and the
major byproduct was a homocoupling product, 4jdneth-
ylbiphenyl. Although the olefinic mixturé and aldehyd&

Friedel-Crafts

-

alkylation

O T
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Table 1. Intramolecular Friedel —Crafts alkylations of 3 with
acid?

yield® (%)
entry acid (equiv) 2 1
1 SnCl, (2) 22
2 BFR:-OE% (2) 6
3 FeCk (2) 70 8
4 TiCly (2) 76 10
5 H,SO, (2) 60
6 HsPOy, (2) 40 1
7 CSA (1.5) 34

aln a pressure tube, 20TC, 2 h in chlorobenzene (PhClYy.Isolated as a
mixture and the ratio determined by G€10-Camphorsulfonic acid.

Table 2. Intramolecular Friedel —Crafts alkylations of 3 with
solid acid?

yield® (%)
entry solid acid 2 1
1 Amberlyst 15 85 2
2 Amberlite IR 120 74 2
3 Nafion NE 450 44 33
4 Nafion 1035 65 10
5 Zeolite H-Y 71 6

aln a pressure tube, 20@, 2 h inPhCI.? Isolated as a mixture and the ratio
determined by GC.

(Table 1). We were concerned here about the stability and
reactivity of the primary alcohol in the presence of acid. If
the lifetime of the cationic primary carbon is long enough,
a rearrangement problem would complicate the reaction re-
sults* There also might be further difficulty by migration
of the methyl group on 2,6-DMT. We were pleased to find
that some of the acids were effective to provide 2,6-DMT
as the only isomeric product. No other isomers were notice-
able. With aluminum chloride (AIG) or p-toluenesulfonic
acid (p-TsOH), however, no product was detected (not
shown). Interestingly, a small amount of 2,6-DMN was pro-
duced with iron(ll) chloride (FeG) and titanium(1V) chlor-

ide (TiCly) (entries 3 and 4), probably because of the in situ
air oxidation of 2,6-DMT. Commonly used acids in the
Friedel-Cratfts alkylation reaction of alcohols such as sulfuric
acid (H:SO,) and phosphoric acid @P0,) were not as effec-

were separable by conventional methods, they were reducedjye as the Lewis acids, Fegand TiCl (entries 5 and 6%

together to the desired key intermedi&eunder the Pt-

We have also screened some solid acids because they can

catalyzed hydrogenation conditions. The higher yield in the pe easily separated from the reaction mixture and reused to
hydrogenation was obtained at higher hydrogen gas pressuremake them be catalytic in amount (Table 2). The use of solid

Separate reduction reactions 6f and 7 with different
reducing agents were also possible to gieThe Pd-
catalyzed hydrogenation éfunder atmospheric pressure of
hydrogen gas at room temperature g&va 90% yield and
the sodium borohydride (NaBjdreduction of7 in methanol
at 0°C produced3 in 75% vyield.

We then investigated the cyclization reaction3afinder
the Friedetl-Crafts alkylation conditions with various acids

acids also would minimize the tendency of the methyl group
migration?® It is shown that Amberlyst 15, a sulfonic acid
resin, is the most effective in the cyclization reaction and
provides a good yield of 2,6-DMT with a minute amount of
2,6-DMN (entry 1). No rearranged or isomerized adduct was
observed. All of the solid acids used in Table 2 including
Nafion (perfluorinated sulfonic acid resiijand acid zeolite
(aluminosilicate}® produce a mixture of 2,6-DMT and 2,6-

(12) Tsuiji, J.Palladium Reagents and Catalysi®hn Wiley & Sons: Chichester,
2004; pp 105-176.

(13) Larock, R. C.; Leung, W.-Y.; Stolz-Dunn, $etrahedron Lett1989 30,
6629.

(14) Olah, G. A.Friedel—Crafts ChemistryWiley: New York, 1973; p 68.

(15) Olah, G. A Friedel—Crafts ChemistryWiley: New York, 1973; p 47.

(16) (a) Olah, G. A.; Kaspi, J.; Bukala, J. Org. Chem1977, 42, 4187. (b)
Sohn, J. RJ. Ind. Eng. Chem2004 10, 1.
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Table 3. Effect of solvent on the intramolecular
Friedel—Crafts alkylations of 32

yield® (%)
entry solvent 2 1
1 PhCI 85 2
2 PhBr 79 2
3 toluene 73 1
4 CLCHCH,CI 84 2
5 1,4-dioxane 73 3

a|n a pressure tube, 20, 2 h, Amberlyst 15° Isolated as a mixture and
the ratio determined by GC.

Table 4. Application of the intramolecular Friedel —Crafts
alkylations to alcoholst

entry alcohol time (h) product yield (%)
OH
Cl Cl
OH
OH
3

a|n a pressure tube, 200, PhCI, Amberlyst 15.

DMN in reasonable vyields. It is also worth noting that
production of 2,6-DMN is considerable with the Nafion
resins (entries 3 and 4).

With the results from the solid acids in hand, the effect
of the reaction solvent was examined with Amberlyst 15 as
acid and the results are described in Table 3. Although all
the solvents shown in Table 3 look quite effective to give
2,6-DMT, chlorobenzene (PhCI) and 1,1,2-trichloroethane
(CI,CHCHCI) give better yields than the rest (entries 1 and
4). With every case in Table 3, a very small quantity of 2,6-
DMN is always present in the product.

Next, we tried to find milder reaction conditions with
Amberlyst 15 in PhCI. At a lower temperature of 150,
however, the reaction rate became very slow and the reactio
was not complete in 2 h. Only 2,6-DMT was obtained in
33% yield, and no 2,6-DMN was noticed. At higher temper-
ature of 250°C, on the other hand, the composition of the

products dramatically changed and 2,6-DMN became a major

product. The yield o2 was 5%, and that ol was 78%.

This result indicates a possible pathway for direct conversion : ; i : X
d otherwise. High-resolution mass spectra were obtained with

of compound3 to 2,6-DMN, but the solid acid was damage
during the reaction because of high temperature.
The intramolecular FriedelCrafts alkylation conditions

in the present study were applied to some compounds with

different functional groups (Table 4). The compounds with

an electron-donating group such as a methoxy group were
readily reacted to generate the expected cyclized products

However, an electron-withdrawing group retarded the reac-
tion rate (entry 2), and the reaction with 4-(4-nitrophenyl)b

tan-1-ol gave only the dehydrated products (not shown in
Table 4).

Finally, we attempted to change the heating method to a
microwave reactor. Automated and focused microwave flash
heating has been recently proven to enhance the preparative
efficiency and to dramatically reduce the reaction time for
various types of organic transformatiofsin the present
study, the microwave assisted alkylation was also successful
to give the expected cyclization product efficiently. Even at
a lower temperature of 151, most of the starting material
was converted to 2,6-DMT in 85% yield only in 10 min and
only a trace of 2,6-DMN was observed.

Conclusion

In summary, we have developed a novel and highly
regioselective synthetic route for 2,6-DMT starting from
commercially availabldaand5. The Pd-catalyzed coupling
reaction of4aand5 produced a mixture of olefingtogether
with aldehyde7 that were bothpara-aryl and terminally
substituted products. The mixture of b@tand7 was then
catalytically reduced without separation to the key precursor
3. Finally, para-aryl substituted alcoh@ was cyclized with
acid to give the desired product, 2,6-DMT, without any other
regioisomers. Some Lewis acids and solid acids were very
effective in the intramolecular FriedeCrafts alkylation of
the primary alcohol substrate without rearrangement or
migration. At higher temperature, considerable amount of
2,6-DMN was obtained as a major product. Although the
yields in the present study were not optimized, the highly
regioselective method for 2,6-DMT shown here should be
useful for developing an economical and practical process
for 2,6-DMN.

Experimental Section

Materials were obtained from commercial suppliers and
used without further purification. Reactions were monitored
by TLC. Commercially available TLC plates (silica gel 60

pF2s4) Were visualized under UV light (254 or 365 nm) follow-

ed by molybdophosphoric acid staining. Column chromato-
graphy was performed on silica gel 60 (7830 mesh,
Merck). The microwave-assisted reaction was performed with
a microwave reactor (Discover LabMate, CEN NMR
and'3C NMR spectra were measured in CR@t 300 and

75 MHz (JEOL JNM-LA 300), respectively, unless stated

a JEOL JMS-AX505WA gas chromatographmass spec-
trometer.

Olefinic Mixture 6 and 3-Methyl-4-( p-tolyl)butyralde-
hyde (7).To a solution of 4-bromotoluendd) (2.5 g, 14.6
mmol) in acetonitrile (100 mL) were added palladium(ll)
acetate (164 mg, 0.73 mmol), wifolyl)phosphine (445 mg,

1.46 mmol), triethylamine (6.1 mL, 43.8 mmol), and 3-meth-

u- yl-3-buten-1-ol B) (4.5 mL, 43.8 mmol). The mixture was

heated under reflux for 24 h. After the resulting mixture was

(17) Yamato, T.; Hideshima, C.; Prakash, G. K. S.; Olah, GJ.AOrg. Chem.
1991, 56, 2089.
(18) Espeel, P. H.; Janssens, B.; Jacobs, Rl.2rg. Chem1993 58, 7688.
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VCH: Weinheim, 2002. (b) Lidstm, P.; Tierney, J.; Wathey, B.; Westman,
J. Tetrahedron2001, 57, 9225.



cooled to room temperature, the solvent was evaporated129.0, 135.2, 137.9; HRMS (EI) calcd fog ;50 178.1358,
under reduced pressure. Distilled water (100 mL) was addedfound 178.1356.
to the residue, and the aqueous layer was extracted with 2,6-Dimethyltetralin (2). To a solution of 3-methyl-4-
CH.CI; (2 x 100 mL). The combined organic layers were (p-tolyl)-1-butanol 8) (50 mg, 0.28 mmol) in chlorobenezene
dried over magnesium sulfate, filtered, and concentrated un-(2.8 mL) in a pressure tube was added Amberlyst 15 (50mg,
der reduced pressure. The crude product was chromatographt00 wt %), and the reaction mixture was heated at 200
ed on a silica gel column with hexane/ethyl acetate (from for 2 h. The reaction mixture was then filtered and
16:1 to 4:1 v/v) to give the olefinic mixturé (1.42 g, 55%) concentrated, and the resulting residue was chromatographed
and aldehyde& (0.90 g, 35%). The major isomer 6fwas on a silica gel column with hexane as an eluent to afford 39
(E)-3-methyl-4-p-tolyl)-3-buten-1-ol (E)-64); *H NMR (500 mg (87%) of mixture ofl and2 (1.2 = 2:85). Data of2:
MHz) 6 1.89 (s, 3H), 2.34 (s, 3H), 2.43 (t, 2H~= 6.3 Hz), IH NMR 6 1.05 (d, 3H,J = 6.4 Hz), 1.36-1.43 (m, 1H),
3.79 (t, 2H,J = 6.3 Hz), 6.33 (s, 1H), 7.057.16 (M, 4H); 1.76-1.92 (m, 2H), 2.2%+2.40 (m, 1H), 2.28 (s, 3H), 2.72
BCNMR6 17.6,21.1,43.7,60.4, 127.6, 128.7, 128.8, 134.2, 2.83 (m, 3H), 6.8%6.98 (m, 3H);**C NMR ¢ 20.9, 22.0,
134.9, 135.8; HRMS (El) calcd forH;¢0 176.1201, found  29.2, 29.4, 31.6, 37.7, 126.2, 128.9, 129.4, 133.8, 134.8,
176.1199. Data of: 'H NMR 6 0.98 (d, 3H,J = 6.6 Hz), 136.4; HRMS (El) calcd for ©His 160.1252, found
2.32 (s, 3H), 2.182.47 (m, 3H), 2.54 (d, 2H] = 6.8 Hz), 160.1258.
7.01-7.13 (m, 4H), 9.689.71 (m, 1H);**C NMR 6 19.8, Pretreatment of Amberlyst 15: Amberlyst 15 is an
20.8, 30.1, 42.6, 50.0, 128.9, 128.9, 135.4, 136.7, 202.4;acidic resin (4.7 meq of Hg), and it was washed sequen-
HRMS (CI) calcd for G,H1s0 [M — H]* 175.1123, found tially with methanol, an aqueous solutioh 2 N HCI, and
175.1126. distilled water before use. Afterward, the resin was rinsed
3-Methyl-4-(p-tolyl)-1-butanol (3). To a solution of the using acetone and dried at room temperature to enhance the
olefinic mixture6 (1.42 g, 8.07 mmol) and aldehyde€0.90 catalyst activity.
g, 5.11 mmol) in ethyl acetate (50 mL) in an autoclave was
added 5% Pt/C (5.14 g, 1.32 mmol) at room temperature.
The mixture was stirred under 10 atm of hydrogen gas for 24 h
at room temperature. The resulting mixture was filtered
through Celite. The clear solution was concentrated, and the . - .
residue was chromatographed on a silica gel column with BK 21 Project funded by the Ministry of Education and

4:1 hexane/ethyl acetate to gi8€1.88 g, 80%) as a colorless EuTan ReYsourceli Devglr?pmellttcr)]f KDorea.t We tals%octrl]wank
oil. TH NMR: 6 0.89 (d, 3H,J = 6.8 Hz), 1.12 (br, 1H), rofessor roung Reun Lhung at the Department of Lhem-

1.37-1.46 (M, 1H), 1.66-1.71 (m, 1H), 1.82-1.96 (m, 1H) istry, Seoul National University for the microwave reactor.
2.32 (s, 3H), 2.41 (dd, 1H] = 13.4 and 7.7 Hz), 2.59 (dd,
1H,J = 13.4 and 6.4 Hz), 3.603.77 (m, 2H), 7.0+7.11

(m, 4H);13C NMR 0 19.5, 21.0, 31.7, 39.4, 43.3, 61.1, 128.8, OP050072G
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