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The Use of Phase-Transfer Catalysis for the Synthesis
of Phenyl and 8-Quinolinyl Ethers

WANG CHIN-HSIEN*, L1U XIANG-TE, CHAO XIAO-HUN

Department of Chemistry, Northwest Teachers’ College, 51 An Nin
Road (E.), Lanchow, People’s Republic of China

Aromatic ethers such as 2,4-dichlorophenyl 4-nitrophenyl eth-
er, 2,4-dichlorophenyl 3-methoxy-4-nitrophenyl ether, 4-nitro-
phenyl 2-nitro-4-trifluoromethylphenyl ether and heteroana-
logues of diphenyl ether such as 3-(substituted phenoxy)-pyri-
dazines have been found to be useful as pesticides'™, fungi-
cides®, and as selective herbicides for the control of various
noxious weeds.

Ethers are generally prepared by the Williamson reaction and
the related alkylation of phenols to give aromatic ethers is
well known’. The phase-transfer catalysis technique has been
successfully applied to the Williamson ether synthesis™”. Pre-
viously reports had appeared on the application of phase-
transfer catalysis to the synthesis of symmetrical ethers'’ and
aromatic ethers'"'>'?, This type of reaction was used for the
preparation of methyl, ethyl, butyl, and benzy! ethers from, es-
pecially. phenolic alkaloids and hydroxypyridines'*™"".

The use of resin-bound phenoxides in a convenient synthesis
of nitrophenyl p-D-galacto- and f-D-glucopyranosides has
been described'®. Furthermore, the arylation of phenols by
chloropyridines and chloroquinolines under phase-transfer-
catalysed conditions has also been published'®. However, as
far as we are aware, no detailed studies on the applications of
phase-transfer catalysis to the preparation of 8-quinolinyl eth-
ers from 8-hydroxyquinolines are available.

We now report on the synthesis of 8-quinblinyl ethers 3 from
8-hydroxyquinolines 1 and organic halides 2 under phase-
transfer-catalysed conditions (Scheme A and Table 1).

NaOH/H,0/CH,Cl, or CeHg/
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Scheme A

This reaction has also been extended to the preparation of
various phenyl ethers 5 from phenols 4 and organic halides 2
(Scheme B and Table 3).

NaOH/H,0/ CH,Cl, or CeHe!

-C,Hg),N® B, 25°C
) - o )
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4 2 5
Scheme B

The reactions are performed by stirring the reagents 1 or 4
and 2 in a solvent such as dichloromethane or benzene with
an aqueous solution of sodium hydroxide (or solid sodium
hydroxide) in the presence of tetra-n-butylammonium brom-
ide at room temperature or slightly above. The products 3 or
5 are obtained in good yields with the exception of 3h and 3j
(Tables 1 and 3). In the absence of the catalyst no ether (e.g.
3j) is formed and the starting materials are obtained un-
changed from the organic layer.
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Table 1. 8-Quinolinyl Ethers 3a-r (Scheme A)
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Product Hal Reaction Yield m.p. [°C] or Molgcular fowxula”
in 2 Conditions®* [%] of 3 b.p. [°C)/torr or Lit. m.p. [°C]
No. X R time/temperature
NO,

3a H OZN‘@- al 4h/70°C 92¢ 167-168° 165-166.5°
3b N Cl-CH=C—CHp—  Cl 41/25°C 77 105-106° CHCLNO  (254.0)

Cl .
3¢ H H,C=C—CH, — i 41/25°C 52¢ 189-190°/640  C,.H,uCINO  (219.6)

&

i ‘
3d H Oi-cn- & 4 h/25°C 80 122-123° ChHLNO,  (263.2)
3e H @—cnz— al 40/25°C 90¢ 216-218°/10  C,H,sNO (235.2)
3f H H,C=CH-CH,— Br 4 h/25°C 84¢ 150-152°/10 145-150°/8%

0

1} ’ N
3g 57-d-C @‘C‘CHz— Br 41/25°C 60 104-105° CH,CLNO, — (332.1)

NO,
3h s7-di-C 0N o 4h/70°C 21¢ 170-171° CsH-CLN,O¢  (380.1)
3 i 57-di-Cl @—cm— al 41/25°C 90 87.5-88.5° CiH CLNO  (304.1)
3 j s7-di—Cl HL=C-CH—  « 4h/25°C 35:0° 95-96° C,HCLNO  (288.5)

Cl ‘
3k 57-di~Cl Cl-CH=C—CH—  C 4h/25°C 57 89-91° CLH.CLNO  (322.9)

Cl

i
3 1 57-di-8r C=CHi~ ¢l 4h/25°C 85 116-117° C,;H,\Br:NO,  (421.0)
3m 57-di-Br 0N , a 4h/70°C 90 172-173° CsH;Br:N,O5  (469.0)

4h/25°C 78
3n S7-di-Br @‘C“z” cl 4h/25°C 88 108-109° C\Hy B, NO  (393.1)

i
30 5HO—S0,— C-CH~  « 6 h/25°C 85 134-135° C,H:NOS  (343.2)

i
3p 5-HO=S0,~/7-) C-CHp~  « 6 h/60 °C 97 123-124° C,H,INOS  (469.1)
3q 5-HO=50; /7-) H,C=CH—CHp—  Br 6 h/60°C 64 214-215° CHEINOS  (391.2)
3r 5-H0—-502—©-N=N— HC=CH=CH,—  Br 5h/75°C 48¢ CHisN.OS  (369.4)

* 0.1 equivalents of tetra-n~butylammonium bromide as catalyst unless otherwise stated.
P Satisfactory microanalyses obtained: C +0.25, H £0.25, N £0.22; exception: 3r, C +0.45, N +0.5.

¢ By method B.

¢ Product purified by column chromatography on neutral alumina, eluting with petroleum ether/benzene or benzene/ether.

¢ In the absence of catalyst.

It has been reported'*>?' that quaternary ammonium salts
are partially dealkylated at higher temperatures or decompose
under alkaline conditions. Thus quaternary phosphonium
salts have sometimes been employed'*?>2, We have circum-
vented this inconvenience by working at room temperature or
only slightly above and have found no evidence for a decom-
position of the catalyst. Use of alkyl halides such as 2,3-di-
chioropropene or 1,2,3-trichloropropene resulted in lower
yields of the products 3 or 5.

8-Quinolinyl (3) and Phenyl (5) Ethers; General Procedures:

Method A: A mixture of dichloromethane (100 ml), water (100 ml),
the 8-hydroxyquinoline 1 or phenol 3 (20 mmol), solid sodium hy-
droxide (1.2 g, 30 mmol), the organic halide 2 (40 mmol) and tetra-n-
butylammonium bromide (166 mg, 0.5 mmol) is agitated with a vi-

bromixer at room temperature for 4-5 h. The organic layer is sepa-
rated and the aqueous layer extracted with dichloromethane (2 x 40
ml). The organic layers are combined and evaporated. The residue is
mixed with water (50 ml), extracted with ether (3 x 20 ml), the extract
is washed with 2 normal sodium hydroxide solution (2% 20 ml) to re-
move unreacted 1 or 3, and then with saturated sodium chloride solu-
tion (2 x 20 ml). The extract is dried with sodium sulphate, the solvent
is evaporated, and the product purified by distillation or recrystallisa-
tion.

Method B: A mixture of the 8-hydroxyquinoline 1 or phenol 3 (0.05
mol} and 50% w/w sodium hydroxide solution (0.1 mol) is magneti-
cally stirred at room temperature for 50 min. Benzene (50 ml), the or-
ganic halide 2 (0.05 mol), and tetra-n-butylammonium bromide (498
mg, 1.5 mmol) are then added. The mixture is heated at the tempera-
ture and for the time given in the Tables. Water (80 ml) is added and
the mixture is extracted with ether (3 x 30 ml). The extract is washed
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Table 2. Spectral Data for 3-Quinolinyl Ethers 3a-r

SYNTHESIS

Prod- IR.(KBr) vecm™] 'H-N.M.R. (CDCL/TMS)
uct - [ppm]
Ven Voo Ve VNO, Voo
3a 3100, 3050  — 1600 1520, 1335 1260 6.70 (d, 1 H); 7.35 (s, 1H); 7.58 (q, 1 H): 7.2-8.5 (m, 6 H)
3b 3020 - 1600 — 1250 5.25 (s, 2H); 6.47 (s, 1 H); 7.1-7.6 (m, 3H); 7.4-9.1 (m, 3H)
3c 3040 - 1620 — 1250 5.37 (s, 2H); 6.37 (s, 2H); 7.2-8.6 (m, 6 H)
3d - 1690 1590 - 1220 5.68 (s, 2H); 7.0-8.5 (m, 11 H)
3e 3040 - 1580 - 1260 5.50 (s, 2H); 7.3-8.5 (m, 11 H)
3f 2961) — 1610 — 1250 5.60 (q, 4H); 7.0-8.4 (m, 6 H); 7.4 (m, I H)
3 - 1700 1580 — 1210 5.88 (s, 2H); 7.53 (s, 5H); 7.66 (s, 1 H); 8.0-8.3 (m, 3 H)
3h 3015 - 1600 1515, 1340 1260 6.72 (d, 1 H); 7.35 (s, 1H); 7.59 (q, 1 H): 7.80 (s, 1 H); 8.1-9.1 (m, 3H)
3 3040 — 1580 — 1220 5.50 (s, 2H); 7.3-7.7 (m, 5H): 8.43 (s, 1 H); 8.1-9.0 (mn, 3 H)
3 3060, 2920 - 1590  — 1240 5.37 (s, 2H); 6.37 (s, 2 H): 8.47 (s, LH); 7.5-9.0 (m, 3 H)
3k 3080 — 1580 — 1240 5.37 (s, 3H); 6.37 (s, 1 H); 8.47 (s, 1 H); 7.4-9.0 (m, 3 H)
3 3060 1680 1600 — 1200 5.90 (s, 2H); 7.63 (s, 5H); 8.50 (s, 1 H); 8.1~8.9 (m, 3 H)
3m - — 1610 1540, 1340 1260 6.65 (d, 2H); 7.35 (s, 1H); 7.56 (q, 1 H); 7.93 (s, 1 H); 8.2-9.0 (m, 3H)
3n 3020 - 1590 - 1220 5.56 (s, 2H); 7.4-7.7 (br s, SH); 8.50 (s, 1 H); 8.1-9.0 (m, 3H)
30 3040 1680 1600 — 1220 4.70 (d, 2H); 5.30 (d, 2H); 6.0 (m, 1H); 7.5-8.8 (m, 4H); 9.37 (s, | H)"
3p 2960 1680 — 1220 4.50 (s, 2H): 7.4 (m, 5H); 7.5-8.8 (m, 4H); 9.30 (5, | H)*
3q — 1625  — 1230 4.58 (s, 2H); 7.5 (m, SH); 7.8-8.5 (m, SH); 9.30 (s, | H)*
3r - - 1600 — 1260 —
* DMSO-d,, solution.
Table 3. Phenyl Ethers 5a-s (Scheme B)
Product Hal Reaction Yield m.p. [°C] or Molecular I.LR. {KBr)
in 2 conditions* [W]of5 b.p. [°Cl/torr  formula® vem™']
No. X R time/ or Lit.
temperature m.p. [°C]
0'
5a 2-HC {;}-E—CHz— Br 4h/25°C 76 60-61° 63°7 3050, 1680, 1590, 1210
NO,
5 b 2-HC ozN—@— cl 4h/25°C 82 88-89° 88-89°4 3080, 1600, 1525, 1345, 1260
5 ¢ 2-HC </:_:\>‘CH2‘ Cl 4h/25°C 97¢ 150-152°/10  284°/760% 3020, 2940, 1600, 1240
5 d 2-0:N ct "CH=$"CH2‘ Cl 4 h/55°C 10 86-87° CoH,CLNO; 3060, 2910, 1500, 1510, 1340,
o (248.0) 1240
NO,
B e 2-i-CyHy/5-H,e  OpN—{ N a 4h/25°C 97 63-64° 64.5-66.5°"* 3100, 2960, 1600, 1520, 1330,
= 1260
i
5 f 2-i-CyHy /5-H,C C\ C—CH,y— Br 4h/25°C 93 55-56° 522 2960, 1700, 1620, 1230
5 g 2-i-C3Hy/5-HyC </;>— CHy— o 7h/40°C 92 190-192°/10  221-223°/35% 3040, 2960, 1600, 1250
5 h 2:-CiH;/5-HiC  HpC=CH—CHyp— B 4h/25°C  87° 116-118°/10  132-133°/23% 2940, 1610, 1570, 1250
o}
5 i 23-—CH=CH—),— </;:\>—E—CH2~' B 4h/25°C 72 71-72° 6872 3060, 1710, 1590, 1220
o}
5j 24-6-0Q C}—'c'—cﬂz— Br 4h/30°C 71 73-74° 73.5-74.57 2900, 1705, 1600, 1240
NO,
5 k 24-di—Cl Om—@— ¢l 5h/30¢C 91 115-116° 118-118.5°" 3040, 1620, 1540, 1350, 1260
51 24-di—Cl </;\>—CH2—° ¢t 5h/30°C 45¢ 60-61° 60°%° 3020, 2920, 1600, 1260
5 m 2.4-di~Cl Ol-CH=C—CH—  Cl Sh/30°C 44 206-207°/640  CoHCLO 3080, 1590, 1250
al (271.9)
5n 24-di—-Cl H,C=C—CH,— Cl 5h/30°C 21¢; 09 222-223°/640 CoH,CL,O 2980, 2920, 1680, 1580, 1250
& (237.4)
5 0 2-H,CO </:\>*C—CH2~ Br 5h/25°C 51 106-107° 106°2* 2920, 1690, 1600, 1250
=
5 p 2-HyCO H2|:=(I:—CH2—- cl 8h/25°C 22¢ 127-129°/10 78°/0.6*" 2920, 1590, 1250

Ci
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Table 3. (Continued)
Product Hal  Reaction Yield m.p. [°C] or Molecular I.R. (KBr)
in2 conditions* [%]of 5 b.p.[°Cl/torr  formula® viem~']
No. X R time/ or Lit.
temperature m.p. [°C]

5 q 2-Hy00 Cl—CH=C~CH,— Ct 8h/25°C 16¢ 217-219°/640  C,,H,;,ChO0, 2920, 1600, 1250

(I:l (233.0)

NO,

5 r 2-Hc0 OzN—@ cl 5h/25°C 94 94-95° 92.5-94°1 3060, 1600, 1540, 1350, 1265
5 s 2-HCO H,C=CH—CH,~ Br S h/60°C 82¢¢ 107-109°/10  111-113°/13% 2940, 1630, 1260

* 1 equivalent of tetra-n-butylammonium bromide as catalyst unless otherwise stated.

b Satisfactory microanalyses obtained: C +£0.20, H +0.18, N #0.25: exceptions: 5p, 5s, C +0.35, H +0.30.
¢ Product purified by column chromatography on neutral alumina, eluting with benzene/ether.

¢ In the absence of catalyst.
¢ Method B.

wit

h water (3 x40 ml), dried with sodium sulphate, and the solvent

evaporated. Most of the products are purified by recrystallisation from
ethanol.

Deng Duo, Xu Pengki, Zhang Qinghai, and Liang Zupei participated in
part of the work.
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