FACILE SYNTHESIS OF PHENACYL ETHERS BY
USING MIXTURE OF TETRABUTYLAMMONIUM

BROMIDE AND DIBENZO-[18]-CROWN-6.
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ABSTRACT

Tetrabutylammonium bromide in combination with
dibenzo-[18]~crown-6 is found to be highly effective in
the synthesis of phenacyl ethers by reaction of phenols

with phenacyl bromide.

INTRODUCTION

Preparation of ethers is an important synthetic
reaction of which a wide variety of procedures have been
reported in literatures in last decades. Valerius
Cordusl described the preparation of ethyl ether from
ethanol and o0il of vitriol in 1544. Alexander Williamson
estblished the correct formula of ethyl ether and
contributed a very important method for the synthesis of
ethers; the reaction of alkoxides with alkyl halides
(4.1). With considerable modification, the utility of this
method has become well documented by a humber of workers,
The formation of alkoxide coates the sodium, but by using
a large excess of alcohol, the difficulty can be overcome.
After the sodium has dissolved, the alkyl halide is added
to form the etherz. Synthesis of alkyl phenyl ethers are
carried out by refluxing aqueous or alcoholic solutions of
alkali phenolates with alkyl halides; the yields vary with
the nature of the alkyl halides (40—80%)2'3. The reactive
halogen in benzyl halides is easily replaced by an alkoxyl
groups4’5. The choice of a solvent is sometimes important

For example, in the preparation of the alkyl ethers of
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o-and p-hydroxybiphenyl from a mixture of phenol, alkyl
halide and powdered potassium hydroxide; high yields are
obtained wusiny acetone as a solvent, whereas, with
alcohol, only small yields are obtaineds. Triarylmethyl

chlorides reacts with alcohols directly (97%)7; (4.2).

Substituted diaryl ethers (ArOAr') are prepared by
~ the reaction of alkyl phenoxides with aryl halides in the
presence of copper catalyst (Ullman)s’g. Further studies
have shown that the yield varies considerably with

different copper-catalyst preparationslo’ll.

By addition of alkyl halides to a hot solution of
sodium in excess trimethylene glycol diluted with
xylene12'13'hydroxy ethers of the type R OCH,CH,OH are
obtained. In a similar way the sodium phenoxide 1is
treated with the chlorohydrin to get phenyl ethersl4'15.
The synthesis of o- and p-chlorophenyl phenyl ethers have
been successfully accomplished by the Ullman procedure,

whereas chlorination of diphenyl ether yields an inseparable

. . 8
mixture of isomers .

Mixed aliphatic ethers containiny methyl or ethyl

radicals can be synthesized from the corresponding alkyl

16,17

sulphate and magnesium alcoholates , but the method is

more general in the preparation of phenolslg’lg. One or
both alkyl gyroups in the alkyl sulphate may be utilized.

In the preparation of anisole, an aqueous solution of

phenoxide is treated at 10°C with dimethyl sulphate. The
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first methyl group is readily furnished but the second
only under reflux. In certain phenanthrene compounds, the
phenolic groups have been quantitatively methylated by
adding dimethyl sulphate to a suspension of the compounds

. . L. 2
in acetone and aqueous potassium hydroxide 0.

The hydroxyethylation of phenols with ethyl sulphite
or ethylene carbonate 1is promising reaction for the

formation of hydroxyethers of ROCH,CH,OH (4.3)21.

The phenoxide ion is yenerated by treatment of the
phenol with a base as sodium, sodium hydride and sodium
amide in a solvent such as benzene, toluene or hexane.
Then alkylation of phenoxide with the appropriate alkyl
halide is then normally carried out in the same solvent.
This method is again usually highly efficient, although
some care must be exercised in the choice of solvent in
order to avoid formation of botn C- and O-alkylated

productszz'ZB.

The effect of solvent and alkylating aygent on
beta~-naphthol and l-methyl-2-naphthol have been
investigated by Wenkert and co—workerszz. Methylation of
dry sodium salt of beta-naphthol with methyl sulphate gave
exclusively the methyl ether while alkylation with methyl
-iodide in toluene led preponderantly td l-methyl-2-naphth-
ol (4.4). Under the latter conditions sodium
beta-naphthoxide and n-butyl bromide gave both 0- and

C-alkyl products in a 1.4:1 ratio (4.5). Alpha-alkylation
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of already alkylated naphthols proved to be a much yielding
process than alkylation of beta-naphthol itself (4.6).
But the interaction of the same dry salt with n-butyl
iodide gave a 59% yield of ketone and a 29% yield of ether
(4.7), while treatment of dry sodium l-(n-butyl)=-naphthox-
ide with methyl iodide gave a similar ratio of products,

59% of ketone and 30% of ether (4.8).

Solvation as a factor in the alkylation of sodium
beta-naphthoxide, in a variety of a solvents, with benzyl
bromide, methyl iodide and n=-propyl bromide has been
studied by Kornblum and co—worker523. The results of
these studies proved a clear demonstration of the ability
of the solvent to decide the course of an ambidient anion
reaction. The study of the solvent affects on the course
of ambidient anion processes distinguishes between>protic
and aprotic solvents and which emphasized the utility of
this distinction.

The preparation of highly hindered anisole is
described by Cohen24. Sodium salt of substituted 2,4-di-
tert-butyl phenols are treated with methyl iodide in
toluene in a pressure bottle and heated by steam for 18

hours. The residue was extracted with petroleum ether to

get corresponding anisoles.

The condensation of haloygenphenols and ethyl
acrylate in presence of sodium and direct hydrolysis of

the mixture with cold aqueous alkali affords a number of
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beta~halogenphenoxypropionic acid (4.9)25.

Camps cszt.alz-6

reported the synthesis of ethers from
alcohols and alkyl halides in the presence of nickel bis

(acetylacetonate) as catalyst (4.10).

The results with nitrophenols, salicyladehyde and 1-
and 2- naphthols shows O-alkylation, which is contrary to
Kornblums report of C-alkylation for naphth01323.' The
exclusive O-alkylation, of this study, provides supporting

evidence for kinetic data reported by Starks et.al.27.

Bow28 reported in 1926 that benzyl phenyl ethers
were obtained when phenols were heated with benzyldimethy-
laniline chloride for several hours in the presence of
either sodium hydroxide or sodium carbonate. This reaction
has been used for preparation of methyl, ethyl, butyl and
benzyl ethers, especially those of phenolic alkaloids and

hydroxypyridineszg*33.

Benzyl ethers of a number of phenols have been
synthesized by the use of phenolates of strongly basic

anion exchange resins with an ethanol solution of benzyl

chloride at room temperature34.

The use of ©phase-transfer catalysis for the
preparation of phenol ethers has been reported by Mckillop
and co—workersBS. Phase transfer catalysis is a technique
which is of much interest in recent years and also often

referred as a "ion pair partition" or Textractive
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alkylation". The ﬁethbd has a number of very useful synthe-
tic applications and can be applied to the synthesis of
aryl ethers36. Phenol 1is added to a two-phase system
consisting of an aqueous solution of the quaternary
ammonium hydroxide and a methylene dichloride solution of
the alkylating agyent. The phenol which is partitioned
naturally between the two phases, is converted into the
corresponding quaternary ammonium phenoxide in the aqueous
phase. This latter salt has a discrete solubility in the
organic phase; consequently, transport of the phenoxide
ion into the methylene chloride solution is followed by
rapid irreversible alkylation and formation of the phenol

ether,

Ethers ROR' (R = Me, Et, Bu, Ph. R' = Me, Et, Bu,
PhCHZ) were prepared by refluxing ROH with R'X, sodium

hydroxide and PEG-400 or PEG-600 in water37.

Aryl ethers were obtained in excellent yield under

mild reaction  conditions by phase transfer catalysis
38

in absence of organic solvent™ , where the reaction of
stoichiometric amount of phenocl and finely powdered
potassium hydroxide with alkyl bromide in presence of 2%
Aliquat 336 was carried out (4.12).

Diphenyl ethers were also prepared by using
ultrasonic irradiation and PTC39. A mixture of p=-nitro-

chlorobenzene, phenol, tetrabutylammonium bromide and

KZCO3 in chlorobenzene and water was stirred at 25 - 35¢C
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under ultrasound irradiation.

Two substituted diphenyl ethers were prepared by
PTC40. 4- methylphenyl-4-nitro~phenyl ether and
4-chlorophenyl-4-nitrophenyl ether were prepared from
corresponding phenols with 4-nitrophenyl chlorides using
tetrabutylammonium bromide as PTC. The synthesis of
phenyl allyl ether from phenoxide ion and allyl chloride
was conducted using PEG as PTC in a two phase reaction

system4l.

PRESENT WORK

Hendrickson42 has reported that the phenols can be
protected as phenacyl ethers which have been synthesized
according to traditional method and serve very well for
synthetic purpose, as phenacyl ether is more readily
cleaved by nucleophiles than other ether, Mohlau43
- synthesized phenacyl ethers from aqueous sodium phenoxide
and phenacyl bromide or phenacyl chloride in low yield.
This method has been modified by Yates and co—workers44 to
get quantitative yield of phenoxfacetophenone under reflux

condition.

The use of phase transfer catalysis for the
synthesis of phenacyl and 8- quinelinyl ether has been
reported by Wang et.al.45. They have prepared number of
ethers including phenacyl ethers of a range of phenols.

The reaction was performed by stirring the phenolic

compounds with halogen compounds in a dichloromethane or
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benzene with aqueous solution of sodium hydroxide or solid
sodium hydroxide in the presence of tetrabutylammonium
bromide at room temperature or slightly above. In the
absence of catalyst no ether was formed. However,
phenacyl ether synthesized by this method requires quite

longer time with lower yields.

Salunkhe et.al.46 synthesized phenacyl ethers from
polymer supported phenoxide and phenacyl bromide at room
temperature. Recently Ahluwalia et. al.47 Synthesized
phenacyl ethers while study%ﬁﬁg the nature of halogens at

« - position in carbonyl compounds.

We now report here an efficient method for synthesis
of phenacyl ethers by consideriny their importance as
protecting group and enzyme inhibition. The potassium salt
of phenol (I) on treatment with phenacyl bromide (II) in
two phase system (water and dichloromethane) in presence
of mixture of tetrabutylammonium bromide and dibenzo-[{18]-
crown-6 gave correspondidny phenacyl ethers(III) in high
yield within a very short time wunder mild reaction

conditions. (SCHEME).
0

@—62 4 BrCH2-'c'~@ TBAB+ DB-[18)-C-6

R CHZCiz/HZO Room temp.

(n : 1689 0

" @—o-——cﬁz —¢ ——@
] |

(I1I)

( SCHEME)
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We have also "carried out the etherification of
phenol either in presence of tetrabutylammonium bromide or
dibenzo-[18]-crown-6, but the reaction required more time
with lower yields. Thus presence of both the catalysts
plays important role during etherification because here
the nucleophilicity of the alkoxyanion is enhanced and
hence the reaction is completed within very short time.

(Table 1).

Table-l: Effect on synthesis of phenacyl ether of phenol
(0.05 mmol) usiny different combinations of PTC
(TBAB) and dibenzo-[18]-crown-6 at room temper-

ature.
Expt. Dibenzo~[18] PTC [TBAB] Time Yield
No. -crown-6 (mg) (mg) {h) (%)
1. 0 32 4.00 88
2. 4 0 3.00 89
3. 1 32 1.5 90
4, 2 32 1.5 91
5. 3 32 1.25 92
6. 4 32 0.75 95
7. 1 48 1.5 91
8. 2 48 1.5 91
9. 3 ‘ 48 1.25 93
10. 4 48 0.75 95

When the reaction was moderated by varying the

amount of both catalysts (Table-1l), mixture of 4 my of
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dibenzo-[18]~crown-6 and 32 my tetrabutylammonium bromide
was found to be effective in achieving rapid

etherification with higyh yields (Expt No.6, Table-l).

The results of the syntheses of the phenacyl
ethers of various phenols are yiven below (Table-2). The
products were characterized by lH-—NMR spectra (Table-4)
and IR spectra. Some illustrative NMR and IR spectra of

etherification are given just after the experimental part.

Table-2: Phenacyl ethers of different phenols.

Phenol Time Yield M.P. (Lit.)
[min] [ % 1] [ °C ]

Phenol : 45 95 70 (71)18

« =Naphthol 10 91 60 - 62

B -Naphthol 10 95 102 - 104 (105)%?
o-Cresol 30 91 61 (63)48
p-Cresol | 30 90 57 (56)48
o-Nitrophenol 60 88 118 (117 - 119)49
o-Chlorophenol 15 95 106 (107)48
p-Nitrophenol 60 89 146-148 (148-150)%7
p-Chlorophenol 15 93 96 - 98 (99.5)48
4—Methylf7~hydroxy 30 926 158

coumarin

As expected, for the reaction with phenols containing
electron withdrawing substituents, the rate was slow while

for phenols containing electron donating substituents the



rate was fast (Table-2).

It was also observed that spatial co-ordination of
ion and ligand cavity plays important role in using crown
ethers. The etherification of potassium salt of phenol
get completed in 0.75 h when dibenzo-[18]}-crown~6 was
used, whereas the reaction get/completed in 7.5 h when
[15]-crown-5 was used. Obviously the effective cavity
volume of the 18 membered crown ether ring is better
suited to the ion diameter of K+ (2.66 A°). By using

[15]-crown-5 the reaction was completed within 3h for

sodium salt of phenol.

Solvent effect:

The formation of phenacyl ether by phase transfer
catalysis proceeds in polar as well as in non polar

solvents like dichloromethane, chloroform and benzene. The

time required for etherification(ég%;better than non polar ;5

solvent such as benzene (Table~3).

Table~3: Solvent effect on phenacyl ether.

Compound Solvent Time (h) Yield (%)
Dichloromethane 0.75 95
Phenol Chloroform 1.00 92

Benzene , 3.00 90
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EXPERIMENTAL

General:

Potassium hydroxide (Merck), Sodium hydroxide (Qualigens),
phenol (Qualigens), o-nitrophenol (SRL) p-nitrophenol (SRL),
o-chlorophenol (SRL), p-chlorophenol (SRL), o-cresol (SRL),
p-cresol (S.d.fine) « -naphthol (Merck) B —-naphthol
(Qualigens),dichloromethane (Qualigens), tetrabutylammonium
bromide (Loba), dibenzo-~[18]~crown-6 (Merck), [1l5]-crown-5

(Merck), benzene (Merck), chloroform (RL) are commercially

available.

Phenacyl bromide50 and 4-methyl —7-hydroxy
coumarin51 were prepared by the method reported in
literature.

NMR : lH-NMR spectra were recorded on Brucker MSL 300
spectrometer,

IR ¢+ IR spectra weré recorded on Perkin Elmer-783
spectrophotometer,

TLC: TLC was carried out using Kodak 13181 silica yel with

fluorescent indicator precoated plates.

Procedure for preparation of 4-methyl-7-hydroxy Coumarin:

20 ml concentrated'sulphuric acid was placed in a
three necked flask fitted with a thermometer, mechanical
stirrer and a dropping funnel. The flask was cooled in an
ice bath. When the temperature falls below 10°C, a
solution of 2 gms (0.018 mol) of resorcinol in 2.680 gyms

(2.61 ml, 0.02 mol) of redistilled ethyl acetoacetate was
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added dropwise and with stirring. The temperature was
maintained below 10°C by means of an ice salt during the
addition. The reaction mixture was kept at room
temperature for about 18 hours and then poured with
vigorous stirring into a mixture of ice and water. The
precipitate was collected by suction filtration and washed
with cold water. The solid obtained was then dissolved in
30 ml1 of 5 percent sodium hydroxide solution, filtered and
2 M sulphuric acid (11 ml) was added with vigorous
stirring until the solution 1is acidic to litmus. The
crude product was filtered at the pump, washed with cold

water and recrystalized from 95% ethanol.

General procedure for the synthesis of phenacyl ethers:

An aqueous solution of (2.5 ml) of I (0.05 m mol
prepared by reacting stoichiometric amount of hydroxy aryl
compound and aqueous potassium hydroxide) containing
tetrabutylammonium bromide (32 mg) and dibenzo-[18]-crown-6
(4 mg) was added to dichloromethane (2.5 ml). The system
was stirred for 10 minutes. Then phenacyl bromide II (0.05
m mol) was added and the reaction mixture was stirred at room
temperature until the TLC analysis (Pet ether: EtDAc, 9:1,
v/v) indicated completion of reaction. The oryanic layer
was separated and dried over anhydrous sodium sulphate.
The solvent was evaporated and the product III was
purified by column chromatoyraphy. (Pet ether: EtOAc, 9:1,
v/Vv). The products were characterized by NMR, IR and

comparison with authentic samples.



Table~4 : lH—NMR Spectral data

Sr. Phenacyl Ether 1H—NMR (cpCl.)
No. §{ppm)

1. 0 5.4 (S, 2H, -COCH,)
O“C”Z“‘C 7.4 - 8.15 (m, 12H, Ar-H)

2- O*CHz—c.@ 5.25 (S' ZH, "'COCHz)

7.8 (d, 2H, ortho to - COCHZ)

3. cz--@mcaz-c——@ 5.24 (S, 2H, -COCH,)
v 6.76 - 8.12 (m, 9H, Ar-H)
4.H3C@O,CH2__C_@ 2.24 (S, 3H, Ar-CH,)
g 5.2 (s, 2H, -COCH,)
= 5.4 (s, 2H, -COCH,)
0 o~cu2-c@ 6.15 (S, 1H, olefinic H)
I

6.85 (dd, 2H, Ar-H, J = 8 Hz & J =
2 Hz ortho to -~ OCHZ)

7.25 - 7.65 (m, 4H, Ar-H, meta to
-OCH2 & meta and para to CO)

7.95 (4, 2H,J = 8Hz Ar-H ortho to
CO)

I.R. SPECTRA : + max (Nujol) em™L

IR spectra of phenacyl ethers showed characteristic absorption bands

at 1705 - 1690 em ¥ for € = O group.
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