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A New Method for the Preparation of 2-Alkoxybenzoxazoles
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A one-pot synthesis of 2-alkoxybenzoxazole (I) from benzoxazoline-2-thione (II) was
achieved. Treatment of benzoxazoline-2-thione with methyl iodide followed by an alcohol at
room temperature in the presence of sodium hydride gave I. The reaction involves the intermedi-
ate of 2-(methylthio)benzoxazole (I11a), followed by substitution of the methylthio group by
an alkoxide anion. The general applicability of this method is discussed.
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In the course of a study on the synthesis and biological activity of benzoxazole analogs,
preparation of 2-alkoxybenzoxazoles (I) became necessary. A few congeners of I have been
synthesized: Koyama et al. reported that the treatment of 6-methoxybenzoxazolin-2-one
(coixol) with diazomethane gave 2,6-dimethoxybenzoxazole in 409 yield accompanied with
6-methoxy-3-methylbenzoxazolin-2-one in 60% yield."’ Compound I has been generally
synthesized from benzoxazoline-2-thione (II) via two steps: chlorination of II with phos-
phorus pentachloride or chlorine to give 2-chlorobenzoxazole® followed by replacement of
the chlorine atom by an alkoxide anion.® Watanabe and Mukaiyama synthesized I from 2-
fluorobenzoxazole.¥ However, 2-halobenzoxazoles are sensitive to hydrolysis and the yields
of I from 2-halobenzoxazoles are not satisfactory.

We previously reported the solvent effect on the reaction of II with alkyl halide: the
reaction of II with alkyl halide in dimethylformamide (DMF) in the presence of a base gives
the corresponding 2-(alkylthio)benzoxazole (III), while the same reaction using methanol in
place of DMF as a solvent gives 2-methoxybenzoxazole (Ia).>» We were interested in this result
and followed up this unexpected observation by a series of experiments. Consequently, we
found new methods for the preparation of I from II.

Since we thought that the reaction of II with alkyl halides in methanol proceeded via the
formation of III, the reaction of 2-(methylthio)benzoxazole (II1a) with alkoxide anion was
carried out. Stirring of a solution of IITa and phenethyl alcohol in tetrahydrofuran (THF) in
the presence of sodium hydride for 2h at room temperature gave 2-(phenethyloxy)-
benzoxazole (Id) in 599 yield. This finding led us to develop methods for one-pot synthesis
of I from II. One of the methods (method A) involves removal of the methylthio group by an
alkoxide ion. The reaction was performed by adding methyl iodide and 2eq of sodium
hydride to a THF solution of II at room temperature, followed after 2 h by addition of alco-
hol® (Table I).

The substitution rate of the methylthio group of IIIa by an alkoxyl group decreased in
the order of primary, secondary, and tertiary alcohols. For example, the 2 h reaction of IIla
with primary alcohol gave Ia—g in moderate to high yields. On the other hand, the same
reaction of IIla with a secondary alcohol such as cyclohexanol gave 2-(cyclohexyloxy)-
benzoxazole (Ih) in a poor yield. When the reaction time was prolonged to 6, 10, and 15h,
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the yields of Th increased to 42, 49, and 639, respectively. In the case of rers-butyl alco-
hol, the yield of 2-tert-butoxybenzoxazole (Io) was less than 639 even if the reaction
was carried out for 65h.

A difference of substitution rate between the reactions of stereoisomeric alcohols with
II1a was also observed. The reaction of IIla with cis-4-tert-butylcyclohexanol for 25h gave 2-
(cis-4-tert-butylcyclohexyloxy)benzoxazole (Ij) in 249 yield; the yield did not exceed 349
even after reaction for 6 d, while the similar reaction with trans-4-tert-butylcyclohexanol gave
2-(trans-4-tert-butylcyclohexyloxy)benzoxazole (Ii) in 529, yield. These findings prompted us
to use I1la as a separating agent for the stereoisomeric alcohols. For this purpose, the reaction
of II with methyl iodide and 4-tert-butylcyclohexanol (cis: trans=1:1) was undertaken
(Chart 1). Treatment of a mixture of cis- and trans-4-tert-butylcyclohexanol with IIla
prepared from II gave Ii in 719 yield, and this was hydrolyzed with potassium hydroxide to
give trans-4-tert-butylcyclohexanol in 779 yield. cis-4-tert-Butylcyclohexanol was not de-
tected in the product.

The above method was applied to the preparation of various 2-alkoxybenzoxazoles and
was found to be useful for the preparation of 2-[(w-N,N-dialkylamino)alkoxy]benzoxazoles
(Ie—g), which carry a substituent reactive to methyl iodide. The yields of Ia and 2-
benzyloxybenzoxazole (Ic) by this method were relatively low. In the case of the preparation
of Ia, benzoxazolin-2-one (IV) was obtained as a by-product in 209, yield and in the case of Ic,
IV and benzyl methyl sulfide (Va) were produced in 20 and 229% yields, respectively. These
compounds may be the products of attack of the methanethiolate anion, which was produced
together with Ia or Ic, on the methoxy or benzyloxy group in Ia or Ic. The yields of IV and Va
increased on increasing the reaction temperature of Illa with benzyl alcohol. It seemed
probable that attack of methanethiolate anion on the benzyloxy group in 2-(a-substituted.
benzyloxy)benzoxazole (I), which is produced by the reaction of II with methyl iodide and «-
substituted benzyl alcohol, would be hindered. Therefore, the reaction of II with methyl
iodide and a-substituted benzyl alcohol such as 1-phenethyl alcohol or diphenylmethyl alcohol
was carried out. 2-(1-Phenethyloxy)benzoxazole (Ik) or 2-(diphenylmethoxy)benzoxazole
(Im) was obtained in 76 or 639 yield and the corresponding sulfide and IV were not formed.
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Compounds Ia and Ic were also prepared by another method, method B. Compound II
was reacted with 3 eq of methyl iodide, 3 eq of an alcohol and 4 eq of sodium hydride in THF
at room temperature for 2h to give 2-(dialkoxymethylene)aminophenols (VI),® which on
heating at 100 °C gave 2-alkoxybenzoxazoles (I). By this method, Ia and Ic were synthesized in
74 and 579 yields, respectively (Table I).

Attempted preparations of 2-alkoxybenzimidazoles or 2-alkoxybenzothiazoles from
benzimidazoline-2-thione or benzothiazoline-2-thione by method A were unsuccessful, and
instead I-methyl-2-(methylthio)benzimidazole or 2-(methylthio)benzothiazole was obtained.

Experimental

Melting points (determined on a Yanagimoto micro-melting point apparatus) are uncorrected. Nuclear magnetic
resonance (NMR) spectra were taken with a Hitachi R-24 spectrometer at 60 MHz, with tetramethylsilane as an
internal standard.

Reaction of 2-(Methylthio)benzoxazole (IIla) with Phenethyl Alcohol——NaH (50%; in oil, 0.6 g) was added to a
solution of IITa” (2 g), methyl iodide (1.9 g), and phenethyl alcohol (1.5 g) in THF (100 ml). The mixture was stirred at
room temperature for 2h, poured into ice water, and extracted with Et,O. The Et,O layer was washed, dried, and
concentrated. The residue was distilled under reduced pressure to give 2-phenethyloxybenzoxazole (Id), bp 188—
190°C (10mmHg).

General Procedure for the Preparation of 2-Alkoxybenzoxazoles (Ib, d, h—o) (Method A)——NaH (50% in oil,
0.02mol) was gradually added to a solution of II (0.01 mol) and methyl iodide (0.02 mol) in THF (100 ml) under
cooling. The mixture was stirred at room temperature for 2 h, then an alcohol (0.01 mol) was gradually added and the
whole was stirred at room temperature® for the time shown in the Table, then poured into ice water, and extracted
with AcOEt. The AcOEt layer was washed, dried, and concentrated to leave a residue which was purified by
crystallization or distillation.

Physical properties and analytical data for Ia—o are given in Table L.

General Procedure for the Preparation of 2-Alkoxybenzoxazole Picrates (Ie—g) (Method A)——NaH (509 in oil,
0.02mol) was added to a solution of IT (0.01 mol) and methyl iodide (0.02mol) in THF (100 ml) under cooling. The
mixture was stirred at room temperature for 2 h, then an w-aminoalcohol (0.01 mol) was gradually added and the
whole was stirred at room temperature, then poured into ice water, and extracted with benzene. Excess picric acid was
added to the benzene layer. The resulting precipitate was filtered off and crystallized from MeOH or THF to give Ie—
g

2-Methoxybenzoxazole (Ia)——Method A: NaH (50% in oil, 3 g, 0.06 mol) was added to a solution of II
(0.01 mol) and methyl iodide (0.02 mol) in THF (100 ml) under cooling. The mixture was stirred at room temperature
for 2h, then abs. MeOH (1 g, 0.03 mol) was added and the whole was stirred at room temperature for 2 h, poured
into ice water, and extracted with AcOEt. The AcOEt layer was washed, dried, and concentrated. The residue was
chromatographed on silica gel with a mixture of benzene and cyclohexane (1:2, v/v) to give 2g (42%) of 1a.¥
The aqueous layer was made acidic with 10% HCI solution and extracted with AcOEt. The AcOEt layer was
washed, dried, and concentrated. The residue was recrystallized from cyclohexane to give 0.9 g (20%) of benzoxa-
zolin-2-one (IV), mp 137—139 °C (lit.*’ mp 140—141 °C).

Method B: NaH (50%; in oil, 3.8 g, 0.08 mol) was added to a solution of II (3 g, 0.02mol), methyl iodide (8.5 g,
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0.06 mol), and MeOH (1.9 g, 0.06 mol) in THF under cooling. The mixture was stirred at room temperature for 2h,
then poured into ice water, and extracted with AcOEt. The AcOEt layer was washed, dried, and concentrated. The
residue, without purification, was heated at 100 °C for 2 h to give 2.2 g (74%) of Ia, which was purified by distillation.

2-Benzyloxybenzoxazole (Ic)——Method A: NaH (50% in oil, 1.3 g, 0.027 mol) was added to a solution of I1 (2 g,
0.013 mol) in THF (50 ml) under cooling. The mixture was stirred at room temperature for 2 h, then benzyl alcohol
(1.4g, 0.012mol) was added and the whole was stirred at room temperature for 2h, poured into ice water, and
extracted with AcOEt. The AcOEt layer was washed, dried, and concentrated. The residue was chromatographed on
silica gel. The first eluate with cyclohexane gave 0.4 g (22%) of benzyl methyl sulfide (Va), bp 80—81°C (5mmHg)
[lit.% bp 195—198 °C (760 mmHg)]. The second eluate with cyclohexane-benzene (1: 1, v/v) gave 1.1g (40%) of Ic, mp
49—50°C. The aqueous layer was made acidic with 10% HCI solution, and the resulting precipitate was filtered off
and crystallized from cyclohexane to.give 0.36 g (20%;) of IV.

Method B: Compound Ic was prepared actording to the described procedure of method B for the preparation of
Ia.

Reaction of IT with Methyl Iodide and Benzyl Alcohol in Boiling THF——NaH (507 in oil, 1.3 g) was added to a
solution of II (2 g) and methyl iodide (1.9 g) in THF (100 ml). The mixture was stirred at room temperature for 2h,
then benzyl alcohol (1.4 g) was added and the whole was refluxed for 1h, poured into ice water, and extracted with
Et,0. The Et,0 layer was washed, dried, and concentrated. The residue was distilled under reduced pressure to give
1.3g (71%) of Va. The aqueous layer was made acidic with 107, HCI solution, then the resulting precipitate was fil-
tered off and crystallized from cyclohexane to give 1.7 g (67%,) of IV.

Reaction of IT with Methyl Iodide and 4-tert-Butylcyclohexanol——NaH (50% in oil, 0.65 g, 13 mmol) was added
to a solution of II (1 g, 6.6 mmol) and methyl iodide (1 g, 7mmol) in THF (50 ml). The mixture was stirred at room
temperature for 2 h, then 4-zert-butylcyclohexanol (cis : trans=1:1) (1 g) was added and the whole was stirred at room
temperature for 2h, poured into ice water, and extracted with Et,0. The Et,0 layer was washed, dried, and
concentrated. The residue was chromatographed on silica gel with benzene-cyclohexane (1:5, v/v) to give 0.62g
(71%) of 2-(trans-4-tert-butylcyclohexyloxy)benzoxazole (li), mp 70—71°C.

Hydrolysis of i——A mixture of Ii (0.5g), 105, KOH solution (2 ml), and EtOH (50 ml) was refluxed for 2h,
then excess EtOH was evaporated off in vacuo. The residue was extracted with Et,0. The Et,0O layer was washed with
10% KOH solution and brine, dried, and concentrated. The residue was crystallized from petr. ether to give 0.22 ¢
(77%) of trans-4-butylcyclohexanol, mp 83—85°C (lit.'” mp 81—82°C).
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