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Recyclable heterogeneous copper oxide on alumina catalyzed coupling of
phenols and alcohols with aryl halides under ligand-free conditionsT
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An efficient alumina-supported CuO-catalyzed O-arylation of phenols and aliphatic alcohols with
various aryl as well as heteroaryl halides under ligand-free conditions are reported. This protocol
provides a variety of diaryl ether and bis-diaryl ether motifs by reacting different aryl/aliphatic halides
with differently substituted phenols and saturated alcohols in the presence of a catalytic amount of
CuO on alumina and KOH as a base at moderate temperature under nitrogen atmosphere. The
described methodology is simple, straightforward and efficient to afford the cross-coupled products in
high yields under ligand-free conditions. The explored catalyst is inexpensive, air-stable and recyclable

up to three cycles.

Introduction

Diaryl ethers constitute a very importanxt class of organic
compounds that are finding widespread applications in numer-
ous fields such as life sciences, chemical, pharmaceutical and
polymer industries.! The formation of diaryl ether linkage is a
challenging task to synthetic chemists because of its presence
in many biologically active natural products,> cyclopeptides
and weedicides,® such as the anti-tumor bouvardin, anti-HIV
chloropeptins and other medicinally active compounds (Fig. 1).
The Ullmann reaction is one of the most traditional methods
for the synthesis of diaryl ethers, which typically requires high
reaction temperatures and the use of a more than stoichiometric
amount of copper catalyst. There has been a tremendous volume
of work towards the development of highly efficient reaction
parameters for the synthesis of diaryl ethers using the classical
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Ullmann protocol.* Inter- and intramolecular SyAr reactions,’
arene metal complexes, thallium-promoted oxidative coupling, Pt-
promoted coupling, phenolic addition to cyclohexene oxides and
Pummerer type rearrangements are some other methodologies
towards establishing C-O coupling processes. In recent times,
several protocols have been reported for diaryl ether linkage
formation® using Pd and Cu, of which Pd-based reagents have
shown greater interest.

Buchwald’” and coworkers described the synthesis of diaryl
ethers by coupling of aryl halides with alcohols/phenols in the
presence of palladium and tunable ligands.® Hartwig’® also devel-
oped air-stable, sterically hindered ferrocenyl dialkyl phosphines
for palladium-catalyzed C-O bond forming cross-couplings.’
However, these reactions were carried out using expensive palla-
dium salts" as catalysts involving electron rich and sterically bulky
aryl dialkyl phosphines as ligands, which in turn are prepared by
tedious multi-step processes, and the high oxophilicity associated
with these phosphine ligands limits the applicability of these
processes.”? Towards the commercialization of these protocols,
the use of copper salts™® as an alternative to palladium catalysts
in the Ullmann reaction has gained significance. In spite of the
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Fig. 1 Some of the biologically active molecules with diaryl ether linkage.
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popularity of these catalytic systems, these protocols suffer from
harsh reaction conditions, higher temperatures (>200 °C), longer
reaction times, use of highly polar toxic solvents and problems
involving waste disposal arising from the use of excess catalyst.*

Meanwhile, efforts were directed to investigate and explore
the most efficient Cu/ligand systems which can work at milder
reaction conditions, for a broad substrate base with func-
tional group tolerance.” During this process of exploration it
was found that ethylene glycol diacetate,'® neocuproine,’” tri-
pod ligands,™ 1-naphthoic acid,” 2,2,6,6-tetramethylheptane-3,5-
dione,® B-ketoester?! were successfully introduced as ligands to
enhance the reaction rate in the presence of a reduced amount of
copper, with a larger substrate scope. It was explained that these
additives increased the efficacy of the catalyst by increasing the
solubility of the copper salts while preventing their aggregation.?
However, although these reactions were carried out by using
additives, higher reaction temperatures (120-220 °C) and high
loading (stoichiometric amount) of ligand are the reaction con-
straints. Dewei Ma and coworkers reported that N,N-dimethyl
glycine promoted the Ullmann coupling reaction of phenols with
aryl halides at 90 °C.% Taillefer* et al. described a general and
mild Ullmann-type synthesis of diaryl ethers by reacting aryl
halides with phenols in the presence of Cu(1), Chxn-py-Al as a
ligand and MS (3A) affording the cross-coupled product in good
yields. Wu et al. reported the synthesis of diaryl ethers through
the copper-catalyzed arylation of phenols with aryl halides under
microwave irradiation.”® Various transition metals such as Cu,*
Fe,” and Cu/Fe® have been employed in combination with
different ligands for C-O cross-coupling reactions. However, these
aforementioned protocols suffer from one or more drawbacks,
such as use of various well designed ligands, lack of catalyst recy-
clability and high cost of ligands efc. Hence, the development of
ligand-free, air-resistant, inexpensive, recyclable catalytic systems
for the formation of the ether linkage is highly desirable. Hu
and coworkers have demonstrated a highly efficient C-O cross-
coupling process involving the reaction of inactivated halides with
various oxygen nucleophiles using heterogeneous RANEY®) Ni—
Al alloy copper(1) salts under ligand-free conditions to afford the
corresponding coupled products in good yields.”” Gupta et al.
reported Zn-catalyzed Williamson’s ether synthesis in the absence
of base under microwave irradiation.* van Koten et al. devel-
oped ligand-free copper(1)-catalyzed O-arylation of aryl halides
with phenols under conventional heating conditions.?® Sekar®*
and coworkers described an efficient BINAM-Cu(1r)-catalyzed
Ullmann-type synthesis of diaryl ethers from aryl halides with
phenols under mild conditions in excellent yields.** However, the
above reactions are homogeneous, wherein catalyst recovery is the
major drawback, as well as the problems of product contamination
and lack of catalyst recyclability.

The heterogeneous catalysts are attractive both from economic
and industrial points of view as compared to homogeneous cat-
alysts. Moreover, in the realm of cross-coupling reactions, metal-
anchored heterogeneous supported reagents gained prominence
in the recent past, in view of their advantages like improved
efficacy due to the presence of numerous stable active sites, easy
product purification and reusability of the catalyst. Lei Wang
et al. demonstrated that immobilization of copper in organic—
inorganic hybrid materials worked out as highly efficient and
reusable catalysts for the Ullmann diaryl etherification.*® Kantam

et al. also developed Cu/Al-hydrotalcite as an efficient catalytic
system for the diaryl ether synthesis from aryl halide and phenol
in the presence of DMF.3* Furthermore, the nanoscale catalysts
are more advantageous as more active surface area is available to
bind the substrates selectively and enhance the reaction efficacy.®
Very recently, CuO?* and Cul* in the form of nanoparticles were
employed as recyclable catalysts for C-O cross-coupling reaction
under ligand-free conditions. However, a literature survey reveals
that copper-catalyzed O-arylation of aryl halides with oxygen
nucleophiles has only a few reports with recovery of the catalyst.
To develop a simple, efficient, and reusable catalytic system for
the cross-coupling of aryl halides with phenols under ligand-free
conditions, the role of CuO on alumina as a recyclable catalyst was
investigated in the synthesis of diaryl as well as aryl/alkyl ethers.

Results and discussion

As a part of our continuous research interest in the field of cross-
coupling reactions utilizing heterogeneous catalysts,*® we describe
herein for the first time the use of inexpensive, air-stable and
efficient CuO on alumina as a recyclable catalyst, for the synthesis
of diaryl ether derivatives from the corresponding aryl halides and
phenols under ligand-free conditions.

In our initial study towards the development of this method-
ology, we have studied the reaction of phenol (1.0 mmol) with
iodobenzene (1.0 mmol) in the presence of CuO on alumina (120
mg, 13 wt%) catalyst and KOH as a base in DMSO (2 mL)
at 100 °C under nitrogen atmosphere (Scheme 1). The reaction
afforded the corresponding cross-coupled product 3a in 98% yield
(entry 3, Table 1). No product formation was observed at room
temperature even after prolonged reaction time (entry 1, Table 1),
while the reaction afforded a lower yield of product at 80 °C (entry
2, Table 1). The efficacy of different copper sources, such as CuSO,,
Cu (OAc),, CuCl,, Cul and CuO on alumina was examined (entries
3-7, Table 1). Amongst these, CuO on alumina was found to be
efficient for O-arylation of phenols with different aryl halides. The
influence of different bases such as K,CO,, K;PO, and KOH on
the C-O cross-coupling was observed (entries 8-9, Table 1). Of the
bases tested, KOH provided the O-arylated ethers in highest yield.
Different solvents such as 1,4-dioxane, toluene, water, acetonitrile
and DMF were screened for their efficacy compared to DMSO
(entries 10-14, Table 1). The optimum reaction conditions for the
C-O cross-coupling reaction was observed to be 1a (1 mmol), 2a
(1 mmol), (120 mg, 13 wt%) of copper catalyst, KOH (2.0 equiv.)
and DMSO (2 mL) as solvent under nitrogen atmosphere, and the

optimization results are summarized in Table 1.
SA®

CuO on alumina

)+ )on

X=1Br

KOH (2.0 equiv.)
DMSO (2 mL)
100°C, 18 h

Scheme 1 Heterogeneous CuO on alumina catalyzed C-O cross-
coupling.

After having optimized the reaction parameters, C-O cross-
coupling reactions were carried out with a wide range of commer-
cially available aryl iodides/aryl bromides and alkyl iodides/alkyl
bromides with phenol under identical reaction conditions. All the
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Table 1 Optimisation studies of heterogeneous copper-catalyzed O-arylation*

Cu catalyst (120 mg, 13 wt%)

JC

base, DMSO
1a 2a 10000] 18 h 3a
Entry Copper source Base (equiv.) Temp. Solvent Yield (%)*
1 CuO KOH rt DMSO —
2 CuO KOH 80°C DMSO 55
3 CuO KOH 100 °C DMSO 98
4 CuSO, KOH 100 °C DMSO 40
5 Cu(OAc), KOH 100 °C DMSO 42
6 Cu(Cl, KOH 100 °C DMSO 45
7 Cul KOH 100 °C DMSO 50
8 CuO K,CO; 100 °C DMSO 51
9 CuO K,PO, 100 °C DMSO 58
10 CuO KOH 100 °C 1,4-dioxane 45
11 CuO KOH 100 °C toluene 59
12 CuO KOH 100 °C water —
13 CuO KOH 100 °C acetonitrile 50
14 CuO KOH 100 °C DMF 80

“Reaction conditions: 1a (1 mmmol), 2a (1 mmol), Cu source (120 mg, 13 wt%), base (2.0 equiv.), DMSO (2 mL), 100 °C, 18 h. ® Isolated yield.

reactions were very clean, and the corresponding cross-coupled
products were obtained in good to excellent yields (Table 2).
To examine the scope of this reaction under optimized reaction
conditions, phenol was subjected to the O-arylation process
with various aryl iodides bearing electron withdrawing as well
as electron donating groups. The presence of electron donating
groups such as methyl and methoxy groups on the aryl iodide
part at the para position decreased the yield (entries 2, 4 and 5,
Table 2), compared to electron withdrawing groups (entries 7—
9, Table 2). Iodobenzene with an electron donating group at the
meta position and iodobenzene with a heteroatom in the aromatic
nucleus also provided the corresponding product in good yields
(entries 3, 6 and 15, Table 2). Moreover, sterically demanding
ortho-substituted aryl iodide did not hamper the reaction and
afforded the corresponding product in moderate yield (entry 14,
Table 2). A slight decrease in the product yield was observed in the
case of alkyl iodides with increasing carbon chain length (entries
16-21, Table 2). In general, aryl bromides were less reactive than
aryl iodides and provided moderate yields (entries 22-29, Table 2).
As an extension of this work under the current optimized
reaction conditions, various substituted phenols/alcohols were
treated with iodobenzene and the results are summarized in Table
3. Various electronic and steric factors from the substituents
played a crucial role in governing the product yield. The presence
of electron donating groups at the para and meta positions on
phenols increased the yield (entries 1-5, Table 3), where as in the
case of electron withdrawing groups at the para position the yield
decreased (entries 68, Table 3). As the carbon chain length of the
alcohol used in the O-arylation process increased, a slight decrease
in the product yield was observed (entries 11-14, Table 3).
Investigations on the reusability of the copper catalyst were
examined and the results are summarized in Table 4. The catalyst
was centrifuged from the reaction mixture after completion of the
reaction and washed with ethyl acetate and acetone and then dried,
and used directly for further catalytic reactions. No significant loss
of catalyst activity was observed even after three cycles. Next, the

leaching of copper from the heterogeneous catalyst was checked.
After separation, the filtrate was checked by SEM, XRD and
FT-IR techniques and it was found that there was no change
in the nature of the catalyst before and after the reaction. It
was also observed from the spectral studies that the powder
X-ray diffraction analysis®* exhibited identical diffraction peaks
for fresh and reused catalyst, and these were comparable with those
reported in the literature (Fig. 2). The SEM analysis showed that
the catalyst before and after the reaction had identical shape and
size (Fig. 3). In addition, the FT-IR analysis* showed significant
bands in the range of 490-520 cm™, which corresponds to the Cu—
O bond, which indicated the presence of CuO in both fresh and
reused catalyst (Fig. 4). From the obtained spectral evidence and
comparison with that reported in the literature, it was evident that
the catalyst was efficiently used up to three cycles without loss of
catalytic activity.

The possible mechanism for O-arylation is represented in
Scheme 2. The reaction is assumed to occur via oxidative addition
followed by reductive elimination. Initially, the ArX oxidatively
adds on to the heterogeneous copper catalyst and forms a complex
I followed by replacement of X with the nucleophile in the presence
of base forming complex II, which upon reductive elimination
affords the desired O-arylated product.

Conclusions

In conclusion, an inexpensive recyclable catalytic system was
developed for the efficient carbon—oxygen atom coupling leading
to the formation of a C—O bond from a variety of phenols and aryl
halides under ligand-free conditions. Further investigations on
other useful applications of this catalyst are in progress. To the best
of our knowledge, this is the first novel Cu on alumina catalyzed
O-arylation protocol, which is of potential industrial significance
because of its simplicity in operation, high yields, environmental
and economical advantages, using a commercially available, eco-
nomically viable, air-stable and recyclable heterogeneous catalyst
to afford aryl/alkyl and aryl/aryl ethers.
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Table 2 Reaction of aryl halides with phenol using heterogeneous copper as catalyst*

Cu catalyst (120 mg, 13 wt%) e}
o oo
KOH (2.0 equiv.)
X=1,Br DMSO (2 mL)
1 2 100°C, 18 h 3

Entry Aryl halide Product Yield (%)?
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Table2 (Contd.)

Cu catalyst (120 mg, 13 wt%)

o)
- O 0
KOH (2.0 equiv.)

X=1,Br DMSO (2 mL)
1 2 100°C, 18 h 3

%

Entry Aryl halide Product Yield (%)”

12 II II I “/! I o} : 3l 85
13 3m 88
~)- Ot
14 Q Q 3n 72
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15 — O 30 86
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Table2 (Contd.)

Cu catalyst (120 mg, 13 wt%)

KOH (2.0 equiv.)

I

X=1,Br DMSO (2 mL)
1 2 100°C, 18 h 3
Entry Aryl halide Product Yield (%)”
24 (0} 3d 68
O 00
Me
25 Me Me o\© 3f 70
O J
Mé Me
26 o) 3g 76
F
27 O 3h 75
ClOBr /@ \@
Cl

% M/(S\Br

@ 3r 72
\(\*6\0

@ 3s 68
g0

“Reaction conditions: aryl halide (1 mmol), phenol (1 mmol), Cu source (120 mg, 13 wt%), KOH (2.0 equiv.), DMSO (2 mL), 100 °C, 18 h. ® Isolated

yield.

(a)

(b)

Fig.2 XRD spectra of heterogeneous CuO on alumina catalyst (a) before and (b) after the third cycle.

Experimental section

General methods

Aryl halides (99%), CuO on alumina (99.9%) were purchased from
Sigma Aldrich and used without purification. All experiments were
carried out under nitrogen atmosphere. Column chromatography

was carried out with 60-120 sized mesh silica gel using hexane as
eluent. Analytical TLC was performed with Merck silica gel 60 Fs,
plates, and the products were visualized by UV detection. 'HNMR
and “C NMR (Avance 300, Innova 400 MHz and Brucker Gemini
200 MHz) spectra were recorded in CDCI; using TMS as internal
standard. Chemical shifts (6) are reported in ppm, and spin-spin
coupling constants (J) are in Hz. Melting points were determined

This journal is © The Royal Society of Chemistry 2011
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Table 3 Reaction of aryl iodide with various phenols/alcohols using heterogeneous copper as catalyst*

Cu catalyst (120 mg, 13 wt%)

O+ o =y
R = aryl, alkyl KOH (2.0 equiv.)
1 2 DMSO (2 mL) 3
100°C, 18 h
Entry Phenols/Alcohols Product Yield (%)
1 o) 3d 88
e 0
Me
2 0 3b 89
oo 0
eO
3 MeQ eO o) 3c 89
or T O
4 Me Me 0) 3e 80
Me Me\,/©/
Me
5 Me Me O\© 3f 79
QOH ¢
Mé Me
6 o) 3g 75
Ve a0
F
7 3h 70
o) Q @
8 3v 70
9 OH ‘ Q 3k 69
10 'I .l OH “/llo : 31 75
11 3p 82

5

OH

WOQ
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Table3 (Contd.)

Cu catalyst (120 mg, 13 wt%) O.
OI + R-OH ©/ R
R = aryl, alkyl KOH (2.0 equiv.)
1 2 DMSOO (2mL) 3
100°C, 18 h
Entry Phenols/Alcohols Product Yield (%)*

. M’G\OH
a \M/S\OH

14 M]\OOH

3 80

o
3 78

ot
3t 75

e

“Reaction conditions: iodobenzene (1 mmol), phenol/alcohol (1 mmol), Cu source (120 mg, 13 wt%), KOH (2.0 equiv.), DMSO (2 mL), 100 °C, 18 h.

b Isolated yield.

Table 4 Recyclability of heterogeneous copper oxide catalyst*

Cu catalyst

(120 mg, 13 wt%)

@—1 + @OH

KOH (2.0 equiv.)
DMSO (2 mL)

J0

1a 2a 0 3a
100 °C, 18 h
Cycle Product isolated yield (%) Catalyst recovery (%)
Native 98 94
1 91 92
2 85 89
3 83 81

“ Reaction conditions: 1a (1 mmol), 2a (I mmol), Cu source (120 mg, 13 wt%), KOH (2.0 equiv.), DMSO (2 mL), 100 °C, 18 h.
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@ = Heterogeneous CuO on alumina

Scheme 2 Plausible mechanistic pathway for CuO on alumina catalyzed
C-O cross-coupling.

on a Fischer-Johns melting point apparatus. IR and MS were
recorded on a Thermo Nicolet Nexus 670 FT-IR spectrometer
and Finnegan MAT 1020 mass spectrometer operating at 70 eV.

Representative experimental procedure for the synthesis of diaryl
ether by using CuO on alumina as a catalyst. To a stirred solution
of iodobenzene (1a) (1.0 mmol) and phenol (2a) (1.0 mmol) in
dry DMSO (2.0 ml) were added CuO on alumina catalyst (13%,
120 mg) and KOH (2.0 equiv.), and the reaction mixture was
heated at 100 °C under nitrogen atmosphere for 18 h. The progress
of the reaction was monitored by TLC. After completion of the
reaction, the reaction mixture was extracted with ethyl acetate (3 x
10 ml). The combined organic layers were dried with anhydrous
Na,SO,. The solvent was evaporated under vacuum to give the
crude product, which was purified by column chromatography
with hexane as eluent to yield the expected product 3a (166 mg,
98%) as yellowish oil. The purity of the product was confirmed by
'H, "* C and mass and IR spectroscopies.

This journal is © The Royal Society of Chemistry 2011
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Fig.3 SEM of heterogeneous CuO on alumina catalyst (a) before and (b) after the third cycle.

(@)

(b)

Fig.4 FT-IR spectra of heterogeneous CuO on alumina catalyst (a) before and (b) after the third cycle.

Representative procedure for recycling. After extraction of the
organic compounds with ethyl acetate, the recovered heteroge-
neous catalyst was placed in a 25 mL round-bottomed flask
with a condenser. Phenol (2a) (1.0 mmol), KOH (2.0 equiv.) and
iodobenzene (1a) (1 mmol) were added under nitrogen, followed
by addition of dry DMSO (2.0 mL). The reaction mixture was
heated in an oil bath at 100 °C and stirred at this temperature for
18 h. After completion of the reaction (monitored by TLC), the
heterogeneous mixture was then cooled to room temperature and
treated with ethyl acetate (2 mL). The aqueous layer was separated
and extracted with ethyl acetate (3 x S mL). The combined organic
layers were dried with anhydrous Na,SO, and concentrated under
reduced pressure to yield the product, which was purified by
column chromatography using silica gel (ethyl acetate/hexane)
to obtain the pure product 3a (154 mg, 91%) as a yellow oil.
All the products were characterized by '"H and “C NMR, and
MS analysis, and compared with the literature values. The same
procedure was extended for further cycles.

Spectroscopic data
Oxydibenzene** (3a)

98%, yellowish oil, 'H NMR (300 MHz, CDCl,): 6 7.34-7.24 (4H,
m), 7.09-6.94 (6H, m). “C NMR (100 MHz, CDCl,): § 157.3,
129.7, 123.1, 118.9. IR: 3443, 2922, 1637, 1479, 1232, 752 cm™.
EI-MS: 170.

1-Methoxy-4-phenoxybenzene*' (3b)

81%, yellowish oil, '"H NMR (300 MHz, CDCL,): § 7.37-7.12 (5H,
m), 6.91-6.80 (2H, m), 6.76-6.67 (2H, m), 3.78 (3H, s). *C NMR
(100 MHz, CDCL): § 159.4, 155.7, 150.1, 129.7, 122.4, 121.1,

118.0, 116.3, 114.9, 55.2. IR: 3443, 2960, 1590, 1362, 1172, 753,
694 cm™. EI-MS: 200.

3-Methoxy-4-phenoxybenzene®?® (3c)

86%, yellowish oil,"H NMR (300 MHz, CDCl,): § 7.34-7.24 (2H,
m), 7.20-7.12 (1H, m), 7.09-6.95 (3H, m), 6.62-6.50 (3H, m), 3.76
(3H, s). °C NMR (75 MHz, CDCl,): § 160.9, 158.5, 157.1, 130.1,
129.6,123.2,119.0, 110.9, 108.9, 104.8. IR: 3443, 2958, 1596, 1362,
1170, 849, 753, 694 cm™'. EI-MS: 200.

1-Methyl-4-phenoxybenzene'® (3d)

80%, yellowish oil, "H NMR (400 MHz, CDCl;): 6 7.30-7.23 (2H,
m), 7.18-6.83 (5H, m), 6.80-6.74 (2H, m), 2.32 (3H, s). ®*C NMR
(100 MHz, CDCl,): 6 157.7, 154.6, 132.7, 130.1, 129.5, 122.9,
119.5, 118.2, 20.6. IR: 3440, 2930, 1591, 1298, 1169, 760, 698
cm™'. EI-MS: 184.

1-Tert-butyl-4-phenoxybenzene* (3e¢)

79%, white solid, m.p. 52-53 °C. '"H NMR (300 MHz, CDCl,):
8§ 7.33-7.24 (4H, m), 7.06-6.85 (5H, m), 1.32 (9H, s). *C NMR
(75MHz, CDCl,): §157.1,154.1,145.2,129.1,126.4,123.2, 118 .4,
34.1, 31.3. IR: 3448, 2959, 2926, 1591, 1498, 1364, 874, 754, 692
cm™'. EI-MS: 226.

1,3-Dimethyl-5-phenoxybenzene* (3f)

80%, yellowish oil, "H NMR (300 MHz, CDCl;): 6 7.31-7.19 (2H,
m), 7.06-6.90 (2H, m), 6.85-6.76 (2H, m), 6.70-6.57 (2H, m), 2.27
(6H, s). "C NMR (75 MHz, CDCl,): 6 158.3, 157.1, 139.4, 132.0,
129.6, 127.6, 124.9, 122.8, 121.9, 120.1, 118.7, 116.8, 21.3. IR:
3440, 2859, 2490, 1638,1480, 1240 cm™'. EI-MS: 198.
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1-Fluoro-4-phenoxybenzene” (3g)

89%, yellowish oil, "H NMR (300 MHz, CDCl;): 6 7.58 (1H, d, J
8.9), 7.36-7.20 (2H, m), 7.13-6.89 (4H, m), 6.77-6.64 (2H, m). *C
NMR (75 MHz, CDCl;): 6 160.4,157.7,152.9, 138.6,129.7, 123.1,
120.5,120.4,118.3,116.4, 116.1. IR: 3445, 2925, 2854, 1591, 1485,
1213, 841, 757, 690 cm™. EI-MS: 188.

1-Chloro-4-phenoxybenzene* (3h)

88%, yellowish oil, "H NMR (300 MHz, CDCl;): 6 7.35-7.22 (4H,
m), 7.12-7.03 (1H, m), 7.01-6.89 (4H, m). *C NMR (75 MHz,
CDCl,): 6 156.9,156.1, 129.8,129.7, 123.6, 129.1, 119.0. IR: 3447,
2924, 2853, 1583, 1482, 1089, 833, 753,691 cm™". EI-MS: 204.65.

1-Phenoxy-4-(trifluoromethyl)benzene'* (3i)

85%, yellowish oil, "H NMR (300 MHz, CDCl;): 6 7.55 (2H, d,
J 8.5), 7.45-7.30 (2H, m), 7.22-7.10 (3H, m), 7.02 (2H, d, J, 8.5).
BC NMR (75 MHz, CDCl,): 6 160.5, 155.7, 130.2, 130.0, 127.0,
124.4,124.1,119.9,119.4, 117.8. IR: 3440, 2925, 2850, 1596, 1480,
1220, 841, 760 cm™. EI-MS: 238.

1,2-Dimethyl-4-phenoxybenzene?” (3j)

80%, yellowish oil, '"H NMR (300 MHz, CDCL,): § 7.34-7.22 (2H,
m), 7.11-6.94 (4H, m), 6.90-6.73 (2H, m), 2.22 (6H, ). *C NMR
(75 MHz, CDCl,): § 158.0, 154.1, 138.2, 131.0, 130.1, 129.5, 123.1,
120.4, 118.2, 117.0. IR: 3444, 2924, 2859, 1479, 1232, 10230 cm"".
ELI-MS: 198.

1-Phenoxynaphthalene®® (3k)

75%, colorless oil, 'H NMR (300 MHz, CDCl;): 6 8.17 (1H, d,
J 179),17.82 (1H, d, J 7.9), 7.56 (1H, d, J 7.6), 7.50-7.42 (2H,
m), 7.36-7.22 (3H, m), 7.09-6.89 (4H, m). *C NMR (75 MHz,
CDCly): 6 157.9, 153.1, 135.0, 129.7, 128.1, 127.7, 126.5, 125.9,
125.7, 123.3, 123.1, 122.2, 118.9, 118.6, 113.4. IR: 3440, 2925,
1599, 1480, 1235, 1152, 1039 cm™. EI-MS: 220.

2-Phenoxynaphthalene®” (31)

85%, white solid, m.p. 47-48 °C. '"H NMR (300 MHz, CDCl,):
6 7.85-7.62 (3H, m), 7.45-7.18 (6H, m), 7.13-6.95 (3H, m). *C
NMR (75 MHz, CDCl;): 6 157.1,155.0, 134.3,129.7, 129.6, 127.6,
127.1, 126.4, 124.6, 123.3, 119.9, 119.0, 118.8, 114.1. IR: 3440,
2920, 1591, 1496, 1243, 1159, 1040 cm™. EI-MS: 220.

1,4-Diphenoxybenzene”* (3m)

88%, colorless oil. '"H NMR (300 MHz, CDCl,): 6 7.32-7.23 (4H,
m), 7.06-7.01 (2H, m), 6.99-6.92 (8H, m). *C NMR (75 MHz,
CDCly): 6 157.8,152.7,129.7,122.9, 120.4, 118.3. IR: 3395, 2960,
2329, 1596, 1238, 1050, 850 cm™". EI-MS: 262.

1,2-Diphenoxybenzene*' (3n)

72%, white solid, m.p. 89-90 °C. '"H NMR (300 MHz, CDCl;):
7.94 (1H, d, J 7.5), 7.85 (1H, d, J 7.5), 7.56 (1H, d, J 8.1), 7.49—
7.39 (2H, m), 7.36-7.17 (6H, m), 7.12-6.89 (3H, m). *C NMR
(75 MHz, CDCly): 6 157.8,148.5,129.7,125.1,122.9,121.8, 118.5.
IR: 3400, 3100, 2958, 1240, 1029 cm™. EI-MS: 262.

2-Phenoxypyridine'* (30)

86%, colorless oil. "H NMR (300 MHz, CDCl,): 6 7.56-7.44 (4H,
m), 7.34-7.17 (5H, m). *C NMR (75 MHz, CDCl,): é 162.6,
154.0, 148.1, 139.5, 129.8, 124.9, 121.2, 119.1, 111.3. IR: 3359,
3050, 2960, 1360, 1285, 1172, 840, 752, 680 cm™. EI-MS: 171.

Hexyloxybenzene (3p)

89%, yellowish oil. "H NMR (300 MHz, CDCl;): 6 7.28-7.15 (2H,
m), 6.91-6.78 (3H, m), 3.92 2H, d, J 6.9), 1.77 2H, d, J 6.9, J
7.9), 1.51-1.23 (6H, m), 0.92 (3H, d, J 6.9). *C NMR (100 MHz,
CDCl,): 6 159.1, 129.3, 120.4, 114.4, 67.7, 31.6, 29.3, 25.7, 22.6,
14.1. IR: 3444, 2930, 2862, 1596, 1496, 1386, 1244, 1146 cm™.
Found: C, 79.74; H, 10.19; C,H 3O, requires C, 8§0.96; H, 10.19%.
EI-MS: 178.

Heptyloxybenzene (3q)

86%, yellowish oil. "H NMR (300 MHz, CDCl,): 6 7.25-7.17 (2H,
m), 6.89-6.80 (3H, m), 3.92 (2H, d, J 6.6), 1.77 (2H, d, J 6.6, J
7.9), 1.51-1.24 (8H, m), 0.90 (3H, d, J 6.8). *C NMR (100 MHz,
CDCl,): 6 159.0, 129.3, 120.4, 114.4, 67.7, 31.8, 29.3, 29.1, 26.0,
22.6, 14.1. IR: 3444, 2927, 2859, 1598, 1495, 1243, 1170 cm™.
Found: C, 81.29; H, 10.46; C,;H,,0, requires C, 81.31; H, 10.47%.
EI-MS: 192.

Octyloxybenzene (3r)

81%, yellowish oil. "H NMR (400 MHz, CDCl;): 6 7.25-7.16 (2H,
m), 6.90-6.79 (3H, m), 3.92 (2H, d, J 6.6), 1.77 (2H, d, J 6.6, J
7.9), 1.51-1.23 (10H, m), 0.92 (3H, d, J 6.6). *C NMR (100 MHz,
CDCl,): 6 159.0, 129.2, 120.3, 114.4, 67.6, 31.9, 29.5, 29.4, 29.3,
26.2, 22.7, 14.1. IR: 3440, 2921, 1597, 1491, 1240, 1159 cm™.
Found: C, 81.54; H, 11.00; C,,Hx, O, requires C, 81.62; H, 10.74%.
EI-MS: 206.

Decyloxybenzene® (3s)

80%, yellowish oil. '"H NMR (300 MHz, CDCL,): § 7.27-7.15 (2H,
m), 6.91-6.79 (3H, m), 3.92 2H, d, J 6.9), 1.77 (2H, d, J 6.6, J
7.9), 1.52-1.23 (14H, m), 0.92 (3H, d, J 6.9). *C NMR (100 MHz,
CDCl,): § 159.0, 129.3, 120.3, 114.4, 67.7, 31.9, 29.7, 29.6, 29.3,
26.0, 22.7, 14.1. IR: 3400, 3045, 2930, 1592, 1239, 1170 cm™'. EI-
MS: 234.

Dodecyloxybenzene (3t)

75%, yellowish oil. "H NMR (400 MHz, CDCl;): 6 7.31-7.17 (2H,
m), 6.93-6.78 (3H, m), 3.93 2H, d, J 6.9), 1.77 2H, d, J 6.9, J
8.9), 1.50-1.22 (18H, m), 0.89 (3H, d, J 6.9). *C NMR (100 MHz,
CDCl,): 6 159.1, 129.3, 120.3, 114.4, 67.7, 31.9, 29.7, 29.6, 29.5,
29.4,29.3,26.0,22.7, 14.1. IR: 3441, 2925, 2859, 1596, 1493, 1177
cm™. Found: C, 82.46; H, 11.66; C3H;,0, requires C, 82.51; H,
11.54%. EI-MS: 262.

Hexadecyloxybenzene (3u)

70%, white solid, m.p. 98-99 °C. 'H NMR (300 MHz, CDCl,):
6 7.28-7.18 (2H, m), 6.90-6.79 (3H, m), 3.92 (2H, d, J 6.9), 1.77
(H, d, J 6.9, J 7.9), 1.49-1.22 (26H, m), 0.89 (3H, d, J 6.9). °C
NMR (100 MHz, CDCl5): 6 159.1, 129.3, 120.4, 114.4, 67.7, 31.9,
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29.8,29.7, 29.6, 29.5, 29.4, 29.3, 26.1, 22.7, 14.1. IR: 2920, 2850,
1596, 1469, 1251, 1168 cm™. Found: C, 82.08; H, 11.94; C,,H;50,
requires C, 83.08; H, 12.04%.EI-MS: 318.

1-Bromo-4-phenoxybenzene** (3v)

70%, vellowish oil, '"H NMR (300 MHz, CDCL): & 7.40 (1H, d,
J 8.9), 7.33-7.23 (3H, m), 7.10-7.03 (2H, m), 6.97 (2H, d, J 7.9),
6.86 (1H, d, J 8.9). ®C NMR (75 MHz, CDCL,): § 157.2, 156.5,
132.6, 129.8, 129.6, 123.6, 123.1, 120.3, 118.9, 118.8, 115.5. IR:
3445, 2926, 2853, 1592, 1485, 1213, 840, 756, 690 cm™'. EI-MS:
247.
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