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Abstract: A three steps synthesis of non-symmetric 1,4-dialkoxybenzenes starting from
4-hydroxybenzaldehydes was described. At first step 4-alkoxyphneols were alkylated to give
4-alkoxybenzaldehydes. At the second step 4-alkoxybenzaldehydes were submitted to a Baeyer-Villiger
oxidation with 30% H,0O, to afford 4-alkoxyphenols. At the last step 4-alkoxyphenols were secondly
alkylated to give the title compounds.
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1. Introduction

Both 4-alkoxyphenols and 1,4-dialkoxybenzenes are important raw materials for the
industry.  Several simple 4-alkoxyphenols, for instance 4-methoxyphenol and
4-benzyloxyphenol, are of high interest because of their biological activity'. For example,
4-methoxyphenol serves as an antioxidant, a polymerization inhibitor, a stabilizer
of photosensitive materials, or as an intermediate in the pharmaceutical industry. It is also an
active ingredient in topical drugs used for skin depigmentation (Mequinol).® Also
4-benzyloxyphenol is used in cosmetics and medicine (Monobenzone)® or as a starting material
for syntheses of new azo dyes for polyesters.*

Symmetrical 1,4-dialkoxybenzenes (e.g., 1,4-dimethoxy and 1,4-diethoxy) are mainly
used as dyestuff intermediates and pharmaceutical intermediates as well as in production
of perfumes and soaps.’ 1,4-Dialkoxybenzenes are also widely used as starting materials
in synthesis of conducting polymers characterized by low band gaps.®’ It was discovered
already twenty five years ago that polymers having a conjugated system of multiple bonds can
find applications in light emitting devices.**® That discovery stimulated intensive research
on PPV-type (Poly-Phenylene-Vinylene) polymers. Syntheses and properties of such polymers
have been still widely investigated'*? as active laser components, photovoltaic devices, light
emitters, transistors, photodetectors and photodiodes. As a result of easy preparation
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of symmetric 1,4-dialkoxybenzenes through exhaustive O-alkylation of hydroquinone,
overwhelming number of PPV-type polymers contain core of such type. The analogue polymers
bearing two different alkyl substituents are much rarer since the access to the corresponding
non-symmetric 1,4-dialkoxybenzenes is still difficult.

Effective mono-O-alkylation of hydroguinone is limited to the synthesis of 4-methoxy,
4-ethoxy- and 4-benzyloxyphenol. 4-Alkoxyphenols with longer alkyl chain and the same non-
symmetric 1,4-dialkoxybenzenes with two longer but different alkyl chains are rather difficult
to obtain. Recently interest on PPV-type and PPP-type' Poly(P-Phenylene) polymers based
on non-symmetric 1,4-dialkoxybenzenes has been significantly increasing. ® * 2% Some
polymers based on 1-alkoxy-4-methoxybenzene are already commercially available e. g., MEH-
PPV, MDMO-PPV and their analogues depicted in Fig. 1.
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Figure 1. Non-symmetrical 1,4-dialkoxybenzene derived PPV-polymers

Similar polymers with 1,4-dialkoxybenzene core containing two different longer alkoxy
substituents have been synthesized only few times due to difficulties in preparing starting
dialkoxybenzenes.

Many of PPV-type polymers comprises electron rich 1,4-dialkoxybenzene core
connected via a carbon-carbon double bond with five-membered heteroarenes such as furan,?
tiophene,™™™® selenophene® or even tellurophene.®* Such polymers are preferably obtained
by using electrochemical methods. According to our best knowledge, electro-polymerization
of monomers containing non-symmetrical 1,4-dialkoxybenzene and five-membered heteroarene
fragments connected by C=C bonds has not been investigated since the pioneering works
of Lacaze and co-workers published in 1991% though through the next twenty five years that
paper was cited over a dozen times. The mentioned substitution pattern provides sufficient
solubility of polymers, while diversity of alkoxy groups in a starting monomer improves
electropolymerization process by reducing the negative luminescence quenching of polymers,
which may reasoned by too strong intermolecular n-x interactions in too orderly solid layers
of electropolymerization products. As already mentioned, the main problem that limits broaden
electrochemical studies on PPV-type polymers with broken symmetry of the central core is lack
of general, efficient and simple method for synthesis of non-symmetrical 1,4-dialkoxybenzenes
containing both longer alkyl chains.

In general, two possible approaches to the preparation of non-symmetrical
1,4-dialkoxybenzenes 2 can be considered as outlined in Figure 2. In both cases 4-alkoxyphenol
1 is an intermediate.
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Figure 2. Possible strategies for synthesis of non-symmetrical 1,4-dialkoxybenzenes 2

Partial O-alkylation of hydroquinone, realized via Williamson reaction allows,
in practice, for effective preparation of O-methoxy, O-ethoxy or O-benzyloxyphenols only.
O-Alkylation of hydroquinone using longer-chain alkyl halides provides predominately
symmetrical 1,4-dialkoxybenzenes and unreacted hydroquinone along with traces of the
4-alkoxyphenols. Yields of 4-alkoxyphenols decrease with the increase of length of an
alkylation agent as well as with increase of its bond order due to competitive elimination
reaction. The complementary to Williamson reaction is O-alkylation of hydroquinone with
alcohols under acidic conditions exemplified by high yielding procedures for preparation
of 4-methoxyphenol with the use of zeolites® or heteropolyacids on montmorillonite.*
An application of these procedures for synthesis of 4-alkoxyphenols with longer alkyl chain
have not been checked. The recently published® preparation of 4-methoxyphenol, through the
alkylation of hydroquinone with methanol in the presence of small amounts of sodium
nitrate(I11) and sulfuric acid is also suitable for hydroguinone O-alkylation with other alcohols.
Unfortunately, the introduction of longer alkyl groups requires a significant elongation
of reaction time and may decrease of product yield. For example, the replacement of methanol
by butanol as an alkylating agent of hydroquinone, resulted in elongation of the reaction time
seventy two times.** Preparation of 4-alkoxyphenols with alkyl chains longer than butyl by this
method was not described.

The alternate approach to the synthesis of 4-alkoxyphenols and non-symmetrical
1,4-dialkoxybenzenes assumes use of phenol bearing substituent at the C-4 that differ from the
hydroxyl group and can be readily converted into hydroxyl group at the further synthesis steps.
For example, 4-alkoxyphenols may be obtained from 4-acyloxyphenols® * (Figure 3). Next, 4-
acyloxyphenols can be subjected O-alkylation reaction to provide 1-acyloxy-4-alkoxybenzenes
which, after hydrolysis, would give desired 4-alkoxyphenols (Figure 3).
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Figure 3. Synthesis of non-symmetrical 1,4-dialkoxybenzenes via 4-acyloxyphenols

Since 4-acyloxyphenols are sensitive to acids and bases, it is more suitable to perform
the O-alkylation process under Mitsunobu conditions® in polar organic solvents e.g.
in dimethylformamide. Although, Mitsunobu reaction proceeds under favorable mild and inert
conditions®, its considerable disadvantage is the high cost of reagents, low atom-economy and
necessity of removal of large amount of by-products such as phosphine oxide and
dicarboxylhydrazine derivatives. These reasons, makes preparation of 4-alkoxyphenols with the
use of Mitsunobu strategy unattractive for industry, therefore it is limited to special cases.
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For example, Merlo and co-workers®® applied this approach to preparation of 1-benzyloxy-4-
(2’-methyl-1’-butyloxy)benzene.

Interesting solution could be use of 4-aminophenol, as an easily available starting
compound. Selective acylation of the amino group, followed by O-alkylation and hydrolysis
should provide the corresponding 4-alkoxyaniline. The diazotization of the latter one with
subsequent denitrification of the forming diazonium salt would result in formation of desired
4-alkoxyphenol (Figure 4).

N-acylation )J\ O-alkylation /©/ diazotisation /©/
H,N ” hydrolysis H,N HO

Figure 4. Synthesis of 4-alkoxyphenols from 4-aminophenols

In practice, only the steps of O-acetylation and O-alkylation of the resulting
4-hydroxyacetanilide occur with high vyields, asit was demonstrated by Glatzhofer and
co-workers® who converted 4-methoxyacetanilide directly to 4-methoxyphenyl acetate.
We tested the approach presented in Figure 4, however, low vyields and difficulties
in purification of intermediates practically excluded 4-aminophenol as a starting reagent in the
general synthesis of 4-alkoxyphenols containing longer alkyl substituents. In this manuscript,
we present a new protocol for efficient preparation of asymmetric 1,4-dialkoxyphenols.

2. Results and discussion

During the search of alternative methods for preparation of 4-alkoxyphenols and further
non-symmetrical 1,4-dialkoxybenzenes, we considered use of 4-hydroxybenzaldehyde
as a starting material (Figure 5). It was assumed that it O-alkylation followed by Baeyer-Villiger
rearrangement® should provide 4-alkoxyphenyl formates easily hydrolysable to desired
4-alkoxyphenols (1), direct precursors of target non-symmetrical 1,4-dialkoxybenzenes (2)
(Figure 5).

R 30% H,0, R2|

CHO CHO OH OR?
MeOH
HO MeACN R'0 % R'0 DMSO R'0
3a-f 1a-f 2a-j
1aR'=Et, 91% 2a R'= Et, R? = i-Pr, 91% (from 1a), 77% (from 1b)
1b R = i-Pr, 83% 2b R'= j-Pr, R? = n-Bu, 86%
1c R" = n-Bu, 70% 2c R'= n-Bu, R% = n-CgH47, 81% (from 1c), 79% (from 1e)

1d R" = n-CgHy3, 65%  2d R'= n-CgHy3, R2 = n-CgH47, 80% (from 1d), 68% (form 1e)
1e R' = n-CgHq7,65%  2e R'= n-CgHyz, R2 = n-Pr, 85%
1f R'=n-CypHps, 60%  2f R'= n-CyoHpg, R2 = n-CgHyz, 87% (from 1d), 87% (form 1f)
2g R'=Et, R? = n-CgHy3, 90%
2h R'= Et, R? = n-CgH47, 85% (from 1a), 95% (from 1e)
2i R'= Et, R? = n-Cy5Hys, 92%
2j R'=n-CgHy3, R = i-Pr, 47%

Figure 5. Synthesis of 4-alkoxyphenols and non-symmetrical 1,4-dialkoxybenzenes from
4-hydroxybenzaldehyde

Initial O-alkylation of 4-hydroxybenzaldehyde was performed by using a slightly
modified procedure reported by Brun and Etemad-Moghadam.”’ Less active bromides were
replaced by iodides, what led to higher yields of products 3 (Figure 5). The transformation of
aldehydes 3a-f into the corresponding phenols 1a-f via Baeyer-Villiger reaction was conducted
by using modified procedure reported by Matsumoto and co-workers.** The selected procedure

26



Motyka et al., Org. Commun. (2016) 9:1 23-31

of Baeyer-Villiger rearrangement is particularly attractive since under those conditions also the
subsequent acid hydrolysis of intermediate 4-alkoxyphenyl formate proceeds to afford
4-alkoxyphenols. For purifications of 4-alkoxyphenols with a longer alkyl chain (1c-f), a simple
and rapid precipitation of the products by introducing the post-reaction mixture into ice water
was applied instead of the chromatography. The obtained solid 4-alkoxyphenols 1 were then
recrystallized from cyclohexane. Five 4-alkoxyphenols with unbranched alkyl groups (1a, 1c-f)
and 4-isopropyloxyphenol (1b) were synthesized in yields of 60-90% (Figure 5). The resulting
4-alkoxyphenols (1a-f) were O-alkylated with alkyl iodides in DMSO in the presence of NaOH
following the procedure reported by Johnston and Rose.” Advantage of this procedure is no
need for anhydrous solvent. We have obtained ten 1,4-dialkoxybenzenes 2a-j with yields of 65-
95%, eight of which hitherto not described in the literature 2a-e, 2h-j (compounds 2f and 2g are
known and were described in the literature®®*’). Five compounds, namely, 1-ethoxy-4-
isopropyloxybenzene (2a), 1-butyloxy-4-octyloxybenzene (2c), 1-hexyloxy-4-octyloxybenzene
(2d), 1-dodecyloxy-4-hexyloxybenzene (2f), and 1-ethoxy-4-octyloxybenzene (2h), were
prepared by two ways which differed in the order of introduction of alkyl substituents. Both the
reactions led to products with identical properties.

3. Experimental Section

The melting points (not corrected) were determined with a Boetius HMK apparatus
or with an open capillary. *H and **C spectra were recorded on a Varian XL-300 (300 MHz for
'H and 75 MHz for **C) in DMSO-ds or CDCI; and with TMS as the internal reference. The
chemical shifts (8) are reported in parts per million and the coupling constants (J) in hertz.
HRMS (ESI) spectra were recorded on a Xevo G2 QTof (Waters Corporation) spectrometer.
Elemental analyses (EA) using a 2400 Series Il CHNS/O Elemental Analyzer were performed
only for new non-symmetric dialkoxybenzenes; other purified compounds were characterized
by m.p., NMR and sometimes IR spectra.

3.1 Synthesis of 4-alkoxyphenols from 4-alkoxybenzaldehydes, general procedure:

To a stirred solution of 4-alkoxybenzaldehyde (10.0 mmol) in methanol (15 mL) a solution
of 30% H,0, (4.6 mL, 1.53 g, 45.0 mmol) was added dropwise. Next, trifluoroacetic acid
(0.11 g, 1.0 mmol) was added slowly. The reaction mixture was heated then to 40-45 °C and
maintained that temperature for 4 hours. The progress of the reaction was monitored by thin
layer chromatography. Then the post-reaction mixture was cooled to room temperature and
poured into water (100 mL). An excess of hydrogen peroxide was destroyed by sodium bisulfite
and the solution was neutralized with sodium bicarbonate. The neutral solution was extracted
with diethyl ether (3x25 mL). The combined extracts were dried over anhydrous MgSQO, and
then solvents were evaporated using a rotatory evaporator. The residue was chromatographed
on silica gel by using chloroform as the eluent. The obtained solid products were additionally
recrystallized from a mixture of hexane-dichloromethane by slow evaporation of the solvents
(In case of 1c, 1d and 1e after pouring the mixture into water, the precipitate was collected
by filtration, dried over P,Os and crystallized from cyclohexane).

3.1.1. 4-Ethyloxyphenol (1a): Yield 91%, white needles, m.p. 64-66 °C (lit.”* 64-67 °C); 'H
NMR 8y 6.68-6.74 (m, 4H), 5.33 (br. s, 1H), 3.97 (q, 3Jun 7.0 Hz, 2H), 1.38 (t, 33,4 7.0 Hz, 3H).
B3C NMR (75 MHz, CDCl5) 8¢ 153.0, 149.6, 116.2, 115.8, 64.4, 15.0.

3.1.2. 4-1sopropopyloxyphenol (1b): Yield 83%, thick yellowish liquid (commercial, but
no data available in the literature except lit.* b.p. 117 °C/4 mm Hg). ‘H NMR &, 6.68-6.74
(m, 4H), 4.90 (br. s, 1H), 4.40 (sept., *Jyn 6.0 Hz, 1H), 1.30 (d, *Juy 6.0 Hz, 6H). *C NMR ¢
152.1, 150.0, 118.1, 116.4, 71.6, 22.4.

3.1.3. 4-Butyloxyphenol (1c): Yield 70%, white solid flakes, m. p. 63.5-64.0 °C (lit.** 63.0-
64.0 °C); *H NMR &y 6.70-6.78 (m, 4H), 4.64 (br. s, 1H), 3.90 (t, %J, 6.6 Hz, 2H), 1.70-1.80
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(m, 2H), 1.42-1.52 (m, 2H), 0.96 (t, *Juy 7.3 Hz, 3H). *C NMR (75 MHz, CDCls) ¢ 153.3,
149.6, 116.2, 115.8, 68.7, 31.5, 19.3, 14.0.

3.1.4. 4-Hexyloxyphenol (1d): Yield 65%, white solid flakes, m. p. 44.5-46.5 °C (lit.** 44
°C); '"H NMR 8y 6.73-6.77 (m, 4H), 4.74 (br. s, 1H), 3.89 (t, *J, 6.6 Hz, 2H), 1.68-1.81
(m, 2H), 1.25-1.51 (m, 6H), 0.90 (t, *Juy 6.9 Hz, 3H). *C NMR (75 MHz, CDCls) 8¢ 153.4,
149.5, 116.1, 115.8, 68.9, 31.7, 29.5, 25.9, 22.7, 14.2.

3.1.5. 4-Octyloxyphenol (1e): Yield 65%, white solid flakes, m. p. 59.5-60.5 °C (lit. ** 60.0-
61.0 °C); *H NMR &y 6.72-6.79 (m, 4H), 4.43 (br. s, 1H), 3.89 (t, Iy 6.6 Hz, 2H), 1.71-1.78
(m, 2H), 1.15-1.50 (m, 10H), 0.84-0.93 (m, 3H). *C NMR (75 MHz, CDCl,) 5¢ 153.2, 149.3,
116.0, 115.7, 68.8, 31.8, 29.4, 29.2, 26.0, 22.6, 14.1.

3.1.6. 4-Dodecyloxyphenol (1f): Yield 60%, white solid, m. p. 73-75 °C (lit. *® 74-75 °C); 'H
NMR & 6.73-6.80 (m, 4H), 4.62 (br. s, 1H), 3.89 (t, *J.y 6.6 Hz, 2H), 1.68-1.81 (m, 2H), 1.20-
1.52 (m, 18H), 0.88 (t, 3J,4 6.7 Hz, 3H). *C NMR (75 MHz, CDCl5) &: 153.32, 149.26, 115.95,
115.58, 68.71, 31.90, 29.66, 29.63, 29.59, 29.56, 29.42, 29.36, 29.33, 26.05, 22.67, 14.10.

3.2. Synthesis of non-symmetrical 1,4-dialkoxybenzenes. General procedure:
4-Alkoxyphenol (5.0 mmol) and powdered sodium hydroxide (0.3 g, 7.5 mmol) were mixed
in DMSO (20 mL) under nitrogen atmosphere for 10 min. Then alkyl iodide (5.3 mmol) was
added dropwise with stirring. Precipitations were observed during the course of reaction. The
stirring was continued for 1-5 h; the progress of the reaction was monitored by TLC. Water (70
mL) was added to the reaction mixture and then precipitated solids were separated by filtration,
rinsed with water and dried on air. Crude products were chromatographed on silica gel using
hexane and then dichloromethane as eluents. In a case when oil, instead of a solid, separated
after the addition of water, post-reaction mixture was extracted with hexane (3x20 mL),
combined extracts were rinsed with water and dried over MgSO,. A resulting solution was
evaporated and the residue was flash-chromatographed using the same eluents as before.

3.2.1. 1-Ethoxy-4-isopropyloxybenzene (2a): Yield 91% (starting from 1a) and 77%
(starting from 1b), yellowish oil. '"H NMR (300 MHz, CDCl;) 8 6.71 (s, 4H), 4.29 (sept., *Jun
6.0 Hz, 1H), 3.84 (q, ®Jun 7.0 Hz, 2H), 1.27 (t, *Jun 7.0 Hz, 3H), 1.19 (d, *Jus 6.0 Hz, 6H).
C NMR (75 MHz, CDCls) 8¢ 153.0, 151.7, 117.2, 115.2, 70.6, 63.7, 22.0, 14.8. HRMS (ESI)
Calc. for Cy;H160,+H" m/z 181.1223; Found m/z 181.1219

3.2.2. 1-Butyloxy-4-isopropyloxybenzene (2b): Yield 86% (starting from 1b), yellowish oil;
'H NMR (300 MHz, CDCl3) 8y 6.81 (s, 4H), 4.40 (sept., 33, 6.0 Hz, 1H), 3.90 (t, *Juy 7.2 Hz,
2H), 1.73 (pent., *Juy 7.2 Hz, 2H), 1.46 (sext., *Jun 7.2 Hz, 2H), 1.29 (d, *J, 6.0 Hz, 6H), 0.96
(t, *Jun 7.2 Hz, 3H). ®*C-NMR (75 MHz, CDCls) 8¢ 153.3, 151.6, 117.3, 115.2, 70.7, 68.1, 31.4,
22.0,19.2, 13.8. HRMS (ESI) Calc. for Cy3H,0,+H" m/z 209.1536; Found m/z 209.1536.

3.2.3. 1-Butyloxy-4-octyloxybenzene (2c): Yield 81% (starting from 1c) and 79% (starting
from 1e); white plates; m. p. 36.0-36.5 °C; '"H NMR §,, 6.81 (s, 4H), 3.85-3.93 (m, 4H), 1.65-
1.80 (m, 4H), 1.20-1.60 (m, 12H), 0.97 (t, *Juy 7.3 Hz, 3H), 0.86-0.90 (m, 3H). *C NMR
8¢ 153.39, 115.58, 68.86, 68.52, 31.97, 31.63, 29.57, 29.54, 29.40, 26.23, 22.80, 19.41, 14.23,
14.00; Anal. calc. for CigH3,0, (%): C 77.64, H 10.67; Found: C 77.78, H 10.81.

3.2.4. 1-Hexyloxy-4-octyloxybenzene (2d): Yield 80% (starting from 1d) and 68% (starting
from 1e); white plates; m. p. 38.0-38.5 °C. 'H NMR & 6.81 (s, 4H), 3.89 (t, *Ju 6.6 Hz, 4H),
1.70-1.82 (m, 4H), 1.15-1.50(m, 16H), 0.86-0.93 (m, 6H). *C NMR & 153.23, 115.43, 68.60,
31.82, 31.62, 29.42, 29.38, 29.24, 26.07, 25.74, 22.65, 22.60, 14.07, 14.01. HRMS (ESI) Calc.
for CyH3,0,+Na" m/z 329.2451; Found m/z 329.2464. Anal. calc. for CyH3,0, (%): C 78.38,
H 11.18; Found C 78.80, H 11.20.
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3.2.5. 1-Octyloxy-4-propyloxybenzene (2e): Yield 65% (starting from 1e), white plates,
m. p. 36.5-37.5 °C; 'H NMR &y 6.81 (s, 4H), 3.87 (m, 4H), 1.72-1.79 (m, 4H), 1.10-1.52. (m,
10H), 1.02 (t, *Juy 7.3 Hz, 3H), 0.82-0.94 (m, 3H). *C NMR & 153.21, 153.18, 115.37, 70.14,
68.63, 31.84, 29.41, 29.40, 29.27, 26.09, 22.70, 22.68, 14.11, 10.78. Anal. calc. for Cy7H»50,
(%): C 77.22, H 10.67; Found: C 77.09, H 10.77.

3.2.6. 1-Dodecyloxy-4-hexyloxybenzene (2f): Yield 87% (starting from 1d), 87% (starting
from 1f); white slightly waxy solid, m. p. was not determined; *"H NMR &, 6.82 (s, 4H), 3.90
(t, *Jun 6.60 Hz, 4H), 1.69-1.81 (m, 4H), 1.20-1.50 (m, 24H), 0.85-0.95 (m, 6H). **C NMR &
153.16, 115.34, 68.62, 31.91, 31.61, 29.65, 29.62, 29.58, 29.41, 29.38, 29.34, 26.04, 25.74,
22.68, 22.62, 14.11, 14.04. HRMS (ESI) Calc. for C,H,,0,+Na* m/z 385.3077; Found m/z
385.3086. Anal. calc. for for C,4H4,0, (%): C 79.50, H 11.68; Found: C 79.74, H 11.88.

3.2.7. 1-Ethoxy-4-hexyloxybenzene (29): Yield 90% (starting from 1a), white solid, m.p.
36.0-39.0 °C; 'H NMR (300 MHz, CDCls) &4 6.85 (s, 4H), 3.99 (q, 3Jun 7.0 Hz, 2H), 3.92 (t,
3Jun 6.6 Hz, 2H), 1.74-1.82 (m, 2H), 1.28-1.54 (m, 6H), 1.41 (t, *Juy 7.0 Hz, 3H), 0.94 (t, *Juy
6.8 Hz, 3H). *C-NMR (75 MHz, CDCl5) &¢ 153.2, 152.9, 115.3, 68.5, 63.9, 31.6, 29.3, 25.7,
22.6, 14.9, 14.0. HRMS (ESI) Calc. for C14H,,0,+H" m/z 223.1693; Found m/z 223.1684.

3.2.8. 1-Ethoxy-4-octyloxybenzene(2h): Yield 85% (starting form 1a), 95% (starting from
1e); white plates; m. p. 34.5-35.5°C; *H NMR &, 6.81 (s, 4H), 3.97 (q, *Jun 7.0 Hz, 2H), 3.89 (t,
334n 6.6 Hz, 2H), 1.70-1.78 (m, 2H), 1.11-1.50 (m, 10H), 0.83-0.92 (m, 6H). *C NMR & 153.3,
152.9, 115.4, 68.6, 63.9, 31.8, 29.4, 29.3, 26.1, 22.7, 14.9, 14.1. Anal. calc. for C;sH,c0, (%):
C 76.75, H 10.47; Found: C 76.90, H 10.35.

3.2.9. 1-dodecyloxy-4-ethoxybenzene (2i): Yield 92% (starting from 1a), white crystalline
solid, m.p. 51.0-52.5 °C; *"H NMR (300 MHz, CDCl5) &, 6.83 (s, 4H), 3.98 (q, *Juy 7.0 Hz, 2H),
3.90 (t, *Jyy 6.6 Hz, 2H), 1.71-1.81 (m, 2H), 1.39 (t, J = 7,0 Hz, 3H), 1.21-1.50 (m, 18H), 0.89
(t, J = 6,7 Hz, 3H). *C NMR (75 MHz, CDCl5) 8¢ 153.20, 152.90, 115.33, 68.59, 63.95, 31.94,
29.65, 29.62, 29.59, 29.58, 29.41, 29.38, 29.34, 26.04, 22.68, 14.94, 14.11. HRMS (ESI) Calc.
for C,oH3,0,+H* m/z 307.2632; Found m/z 307.2637.

3.2.10. 1-isopropyloxy-4-octyloxybenzene (2j): Yield 47%, colorless oil; ‘*H NMR &, 6.81
(br. s, 4H), 4.40 (m, 1H), 3.89 (t, *Jun 6.6 Hz, 2H), 1.72-1.79 (m, 2H), 1.10.-1.52 (m, 16H),
0.86-0.91 (m, 3H). *C NMR & 153.42, 151.78, 117.46, 115.36, 70.93, 68.59, 31.85, 29.43,
29.41, 29.28, 26.09, 22.68, 22.16, 14.20. Anal. calc. for Cy;H»0, (%): C 77.22, H 10.67;
Found: C 77.35, H 10.86.

5. Conclusion

In conclusion, a series of 4-alkoxyphenols 1(a-f) and non-symmetric
1,4-dialkoxybenzenes 2(a-j) were prepared from 4-hydroxybenzaldehyde. The obtained
dialkoxybenzenes can be potentially applied to the synthesis of dialkoxyterephthalaldehydes®
useful staring materials for PPV-type polymers.

References

[1] Hudnall P. M. "2000. Hydroquinone". Ullmann's Encyclopedia of Industrial Chemistry, Wiley-
VCH Verlag GmbH & Co. KGaA, 2002

[2] Bolognia J. L.; Lapia, K. and Somma, S., Depigmentation therapy, Dermatologic Therapy 2001,
14, 29-34.

[3] Njoo M. D.; Vodegel R. M.; Westerhof W., Depigmentation therapy in vitiligo universalis with
topical 4-methoxyphenol and the Q-switched ruby laser, J. Am. Acad. Dermatol. 2000, 42, 760—
769.

29


http://onlinelibrary.wiley.com/doi/10.1111/dth.2001.14.issue-1/issuetoc

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]
[12]

[13]
[14]
(18]

[16]

[17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]
[26]
[27]

(28]

Non-symmetric 1,4-dialkoxybenzenes via 4-alkoxyphenols

Yousefi H.; Yahyazadeh A.; Moradi Rufchahi E.O.; Rassa M., Synthesis, spectral properties,
biological activity and application of new 4-(benzyloxy)phenol derived azo dyes for polyester
fiber dyeing, J. Mol. Lig. 2013, 180, 51-58.

Fahlbusch K. G.; Hammerschmidt F. J.; Panten J.; Pickenhagen W.; Schatkowski D.; Bauer K.;
Garbe D., Surburg H. Flavors and Fragrances in Ullmann's Encyclopedia of Industrial
Chemistry; Wiley-VCH, 2003.

Lacroix J. C.; Harvard G.; Aaron J. J.; Taha-Bouamri K.; Lacaze P. C., Modeling the growth and
molecular structure of conductive polymers: Application to poly(dialkoxybenzene)s, Struct.
Chem. 1997, 8, 177-188.

Carlé J. E., Andreasen J. W., Jargensen M., Krebs F. C., Low band gap polymers based on 1,4-
dialkoxybenzene, thiophene, bithiophene donors and the benzothiadiazole acceptor, Sol. Energ.
Mat. Sol. Cells 2010, 94, 774-780.

Burroughes J. H.; Bradley D. D. C.; Brown A. R.; Marks R. N.; Mackay K.; Friend R.; H. Burn
P. L.; Holmes A. B. Light-emitting diodes based on conjugated polymers, Nature 1990, 347,
539-541.

Organic Light Emitting Devices: Synthesis, Properties and Applications; K. Mullen, U. Scherf
(eds.); Wiley: Weinheim, 2006.

Organic Light-Emitting Devices: A Survey, J. Shinar (ed.); Springer, 2004.

Schols S. Device Architecture and Materials for Organic Light-Emitting, Springer, 2011.

The Handbook of organic materials for optical and (opto)electronic devices; Ostroverkhova O.
(ed.); Woodhead Publishing, 2013.

Organic Light Emitting Devices, Singh J. (ed.); inTech., 2012.

Friend R. H.; Gymer R. W.; Holmes A. B.; Burroughes J. H.; Marks R. N.; Taliani C.; Bradley
D. C.; Dos Santos D. A.; Bredas J. L.; Logdlund M.; Salaneck W. R., Electroluminescence in
conjugated polymers, Nature 1999, 397, 121-128.

Gabanski R.; Waskiewicz K.; Suwinski J., Synthesis and some properties of three sterecisomers
of 1,4-diethoxy-2,5-bis[2-(thien-2-yl)ethenyl]benzene, Arkivoc 2005 (v) 58-65.

Lapkowski M.; Waskiewicz K.; Zak J.; Gabanski R.; Suwinski J., Electrochemical and spectral
properties of thienylene-polyparaphenylenevinylene derivative stereoisomers, Russ. J.
Electrochem. 2006, 42, 1267-1274.

Waskiewicz K.; Gabanski R.; Motyka R.; Lapkowski M.; Suwinski J.; Zak J., Photochemical
and electrochemical Z-E isomerization of 1,4-dialkoxy-2,5-bis[2-(thien-2-yl)ethenyl]benzene
stereoisomers J. Electroanal. Chem. 2008, 617, 27-37.

Fuks-Janczarek I.; Ebothe J.; Miedzinski R.; Gabanski R.; Reshak A. H.; Lapkowski M.; Motyka
R.; Kityk I. V.; Suwinski J., 1,4-dialkoxy-2,5-bis[2-(thien-2-yl)ethenyl]benzenes as promising
materials for laser optical limiters, Laser Physics, 2008, 18, 1056-1069.

AlSalhi M. S.; Ibnaouf K. H.; Masilamani V.; Yassin O. A., Amplified spontaneous emission
from internal energy transfer process in the copolymer BEHP-co-MEH-PPV, J. Lumin. 2012,
132, 484-490.

Data P.; Lapkowski M.; Motyka R.; Suwinski J., Influence of alkyl chain on electrochemical and
spectroscopic properties of polyselenophenes, Electrochim. Acta, 2013, 87, 438-449.

Pathak D.; Wagner T.; Adhikari T.; Nunzi J. M., Photovoltaic performance of AglnSe,-
conjugated polymer hybrid system bulk heterojunction solar cells, Synth. Met., 2015, 199, 87-92.
Burn P. L.; Kraft A.; Baigent D. R.; Bradley D. D. C.; Brown A. R.; Friend R. H.; Cymer R. W.;
Holmes A. B.; Jackson R. W., Chemical tuning of the electronic properties of poly(p-
phenylenevinylene)-based copolymers, J. Am. Chem. Soc., 1993, 115, 10117-10124.

Lu S. L.; Yang M. J.; Bai F. L., Synthesis, Electrochemical, and Optical Properties of a Novel
PPV/PPE Block-Copolymer, Macromol. Rapid Commun., 2004, 25, 968-971.

Collison C. J.; Rothberg, L. J.; Treemaneekarn, V.; Li, Y., Conformational Effects on the
Photophysics of Conjugated Polymers: A Two Species Model for MEH-PPV Spectroscopy and
Dynamics, Macromolecules, 2001, 34, 2346-2352.

Barbara P. F.; Gesquiere A. J.; Park S. J.; Lee Y. J., Single-molecule spectroscopy of conjugated
polymers, Acc. Chem. Res., 2005, 38, 602-610.

Kohler A; Hoffmann S. T; Bassler H., An Order—Disorder Transition in the Conjugated Polymer
MEH-PPV, J. Am. Chem. Soc., 2012, 134, 11594-11601.

Ibnaouf K.H., Laser from external energy transfer of MEH-PPV conjugated polymer, Optics &
Laser Technology, 2012, 44, 710-713.

Altinok E; Friedle S; Thomas S. W., Furan-Containing Singlet Oxygen-Responsive Conjugated
Polymers, Macromolecules, 2013, 46, 756—762.

30


http://www.sciencedirect.com/science/article/pii/S0927024809004541
http://www.sciencedirect.com/science/article/pii/S0927024809004541
http://www.sciencedirect.com/science/journal/09270248
http://www.sciencedirect.com/science/journal/09270248
https://espace.library.uq.edu.au/list/author/Bradley%2C+D.+D.+C./
https://espace.library.uq.edu.au/list/author/Brown%2C+A.+R./
https://espace.library.uq.edu.au/list/author/Marks%2C+R.+N./
https://espace.library.uq.edu.au/list/author/Mackay%2C+K./
https://espace.library.uq.edu.au/list/author/Friend%2C+R.+H./
https://espace.library.uq.edu.au/list/author_id/4949/
https://espace.library.uq.edu.au/list/author_id/4949/
https://espace.library.uq.edu.au/list/author/Holmes%2C+A.+B./

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]
[37]
(38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]

[47]

(48]

Motyka et al., Org. Commun. (2016) 9:1 23-31

Zeng Q; Liu Y.-L.; Meng K.; Zhao X.-J. Wang S.-F.; Gong Q.-H., Steady State and Time-
Resolved  Fluorescence  Dynamics of  Triphenylamine Based Oligomers  with
Phenylene/Thiophene/Furan in Solvents, Chinese Phys. Lett., 2009, 26, 077810.

Lapkowski M.; Motyka R.; Suwinski J.; Data P., Photoluminescent Polytellurophene Derivatives
of Conjugated Polymers as a New Perspective for Molecular Electronics, Macromol. Chem.
Phys. 2012, 213, 29-35.

El Moustafid T.; Aeiyach S.; Aaron J. J.; Mir-Hedayatullah H.; Lacaze P. C., New soluble
poly(2-methoxy-5-alkoxy paraphenylenes). Electrosynthesis and spectroscopic characterization,
Polymer, 1991, 32, 2461-2468.

Lee S. C.; Lee S. W.; Kim K. S.; Lee T. J.; Kim D. H.; Kim J. C., O-alkylation of phenol
derivatives over basic zeolites, Catal. Today, 1998, 44, 253-258.

Yadav G. D.; More S. R., Green alkylation of anisole with cyclohexene over 20% cesium
modified heteropoly acid on K-10 acidic montmorillonite clay, Appl. Clay Sci., 2011, 53, 254—
262.

Gambarotti C.; Melone L.; Punta C.; Shisodia S. U., Selective Monoetherification of 1,4-
Hydroquinone Promoted by NaNO,, Curr. Org. Chem., 2013, 17, 1108-1113.

Merlo A. A.; Ritter M. S.; Pereira F. V.; Vieira C. H.; da Silveira N. P., Chiral liquid-crystalline
polyacrylates from (S)-(-)-2-methyl-1-butanol. Synthesis, mesomorphic properties and light
scattering, J. Braz. Chem. Soc., 2001, 12, 184-191.

Majnusz J.; Szczepankiewicz W.; Nawrat D., Synthesis of oligomeric alkylhydroquinone
terephthalates, Pol. J. Appl. Chem., 1995, 39, 285-288.

Hughes D. L., Progress in the Mitsunobu reaction. A review., Org. Prep. Proced. Int., 1996, 28,
127-164.

Glatzhofer D. T. Roy R. R.; Cossey K. N., Conversion of N-Aromatic Amides to O-Aromatic
Esters, Org. Lett., 2002, 4, 2349-2352.

Renz M.; Meunier B., 100 Years of Baeyer—Villiger Oxidations, Eur. J. Org. Chem., 1999, 737—
750.

Brun A.; Etemad-Moghadam G., New Double-Chain and Aromatic (a-Hydroxyalkyl)phosphorus
Amphiphiles, Synthesis, 2002, 10, 1385-1390.

Matsumoto M.; Kobayashi H.; Hotta Y., Acid-catalyzed oxidation of benzaldehydes to phenols
by hydrogen peroxide, J. Org. Chem., 1984, 49, 4740-4741.

Johnstone R.; Rose M., A rapid, simple, and mild procedure for alkylation of phenols, alcohols,
amides and acids, Tetrahedron, 1979, 35, 2169-2173.

Majetich G.; Zhang Y.; Wheless K., Hydride-promoted demethylation of methyl phenyl ethers,
Tetrahedron Lett., 1994, 35, 8727-8730.

Klarmann E.; Gatys L.; Shternov V., Bactericidal properties of monoethers of dihydric phenols.
I1. The monoethers of hydroquinone, J. Am. Chem. Soc., 1932, 54, 298-305.

Ronda J. C.; Serra A.; Cadiz V., Coordinative polymerization of p-substituted phenyl glycidyl
ethers, 1. Effect of electron-donating groups, Macromol. Chem. Phys., 1997, 198, 2917-2934.
Nambiar R.; Woody K. B.; Ochocki J. D.; Brizius G. L. and Collard D. M., Synthetic
Approaches to  Regioregular ~ Unsymmetrical  Dialkoxy  Substituted  Poly(1,4-
PhenyleneEthynylene)s, Macromolecules, 2009, 42, 43-51

Takeda Shintaro; Kagawa Hiroyuki; Araya Kotaro; Kondo Katsumi, Active matrix liquid crystal
display device containing compound with single-ring structure, Assignee: Hitachi Ltd., Japan,
Patent Information: Jun 26, 2001, JP 2001172635, A

Ahn T.; Shim H-K., Synthesis and Luminescent Properties of Blue Light Emitting Polymers
Containing both Hole and Electron Transporting Units, Macromol. Chem. Phys., 2001, 202,

3180-3188.
ACG

publications
© 2016 ACG Publications

31


http://www.sciencedirect.com/science/article/pii/0032386191900906
http://www.sciencedirect.com/science/article/pii/0032386191900906
http://www.sciencedirect.com/science/article/pii/0032386191900906
http://www.sciencedirect.com/science/article/pii/0032386191900906
http://www.sciencedirect.com/science/article/pii/0032386191900906
http://www.sciencedirect.com/science/journal/00323861
http://www.sciencedirect.com/science/journal/00323861/32/13

