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New syntheses of 2-(alkylamino)benzoxazoles (III) and 3-alkyl-2-(alkylimino)benzoxazolines
(IV) were developed. Various compounds III were obtained by the reactions of 2-
(methylthio)benzoxazole with amines. In the alkylation of 2-(monoalkylamino)benzoxazoles, the
use of a base as a catalyst was found to be important for the selective preparation of 2-(N,N-
dialkylamino)benzoxazoles; in the absence of base, IV was obtained. On the other hand,
alkylation of N,N ’-dialkyl-N-(2-hydroxyphenyl)thioureas resulted in the development of another
method for the preparation of IV.

Keywords——2-(alkylamino)benzoxazole; 3-alkyl-2-(alkylimino)benzoxazoline; 2-(methyl-
thio)benzoxazole; N,N’-dialkyl-N-(2-hydroxyphenyl)thiourea; 3-alkylbenzoxazoline-2-thione

As a continuation of our studies'® on the reactivity of benzoxazoles having a hetero
atom at position 2, we describe here new and convenient synthetic methods for 2-(alkyl-
amino)benzoxazoles (IIT) and 3-alkyl-2-(alkylimino)benzoxazolines (IV).

Some analogs of III have hitherto been prepared by the reaction of 2-chloroben-
zoxazoles,® 2-(alkylthio)benzoxazole S,S-dioxides,¥ or 2-mercaptobenzoxazoles® with an

_appropriate amine. However, these methods are somewhat troublesome, because 2-chloro-
benzoxazoles and 2-(alkylthio)benzoxazole S,S-dioxides have to be prepared by comparatively
tedious processes and are unstable compounds, and the reaction of 2-mercaptobenzoxazoles
with amine generally requires prolonged heating.

By analogy with the reactivity® of 2-(methylthio)benzoxazole (I) with alcoholate to give
2-alkoxybenzoxazoles, the nucleophilic replacement of the methylthio group of I by an amino
group might be expected. Indeed, 2-(benzylamino)-5-chlorobenzoxazole (I1Ib)” was obtained
in 859, yield simply by heating of 5-chloro-2-(methylthio)benzoxazole (Ia) with benzylamine.
The structure of IIIb was established based on the doublet signal in its nuclear magnetic
resonance (NMR) spectrum at 4.57 ppm (/=6Hz), which was assigned to the methylene
protons of the benzylamino group at the 2-position. This method using I seemed to be more
convenient for the synthesis of III than reported methods in view of the stability, availability,
and reactivity of the starting material (I).

As the reaction mechanism, nucleophilic substitution of the methylthio group of Ia with
an amine (path A) was firstly considered. However, another mechanism (path B) which
involved recyclization of the ring-opening intermediate, N’-benzyl-N-(5-chloro-2-hydroxy-
phenyl)-S-methylisothiourea (V), could not be ruled out, because Sasaki and co-workers
recently reported® that the reaction of 2-(acylmethylthio)benzoxazoles with ammonium
acetate in acetic acid afforded 2-[(2-hydroxyphenyl)amino]thiazoles.

Several analogs (IIla—i) were prepared by the reaction of Ia with a corresponding amine
(Table I). The reactions of Ia with primary amines in excess gave Illa—e in high yields, but the
yields of 2-(N,N-dialkylamino)-5-chlorobenzoxazoles obtained by the reactions of Ia with
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R! R2(X) Method R.T. (°C)® R.T.(h)® Product Yield (%)
H CH,CH,CH,CH, A 78 2.5 Ila 89
H PhCH, A 100 4.0 IIIb 85
H HOCH,CH,CH, A 100 0.5 IIlc 81
H Et,NCH,CH,CH, A 100 2.0 111d 85
H Ph A 150 2.5 IIle 82
—-CH,CH,0CH,CH,- A 129 2.5 1I1If 90
PhCH, Me A 150 6.0 IIlg 69
PhCH, Me(l) B 20 12.0 IIg 91
PhCH, PhCH, A 120 29.0 IIIh 51
PhCH, PhCH,(C]) B 20 15.0 IIh 96
Ph PhCH, A 120 29.0 IIIi 14
Ph PhCH,(C1) B 20 17.0 IITi 89
Ph PhCH,CH,(Br) B 20 12.0 1115 65
a) Reaction temperature. b) Reaction time.

secondary amines were not uniform and changed depending on the bulkiness and nucleophi-
licity of the amines. For example, 5-chloro-2-morpholinobenzoxazole (IIIf) or 2-(N-benzyl-N-
methylamino)-5-chlorobenzoxazole (I1Ig) was obtained in high yield by heating of Ia with the
corresponding amine, whereas the yield of 5-chloro-2-(N,N-dibenzylamino)benzoxazole (I11h)
obtained by the reaction of Ia with dibenzylamine or that of 2-(N-benzyl- N-phenylamino)-5-
chlorobenzoxazole (I11i) obtained by the reaction of Ia with N-benzylaniline was poor even if
the reaction time was prolonged to 29h (Table I, method A).

In order to find an improved method for the preparation of 2-(N,N-dialkylamino)-
benzoxazoles (IIIg—i), which could not be obtained in satisfactory yields by method A, al-
kylation of 2-(alkylamino)benzoxazoles was examined. Namely, the reaction of IIIb with
methyl iodide in N,N-dimethylformamide (DMF) in the presence of potassium carbonate
gave Illg in high yield (919)). Similarly, IITh, IIli, and 2-(N-benzyl-N-phenethylamino)-
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S-chlorobenzoxazole (IIIj) were obtained in 96, 89, and 659 yields, respectively (Table
I, method B). On the other hand, Sam and co-workers® also studied the alkylation of 2-
(methylamino)benzoxazole (I11k) and reported that the reaction of IITk with methyl iodide
in the absence of a base gives 3-methyl-2-(methylimino)benzoxazoline. Thus, the alkylation
of IIT in the presence of a base occurs at the nitrogen atom of the 2-alkylamino group to give
2-(N,N-dialkylamino)benzoxazoles, while in the absence of a base it occurs at the nitrogen
atom of the benzoxazole ring to give IV.

According to Sam’s method, we prepared several analogs of 3-alkyl-2-(alkylimino)-5-
chlorobenzoxazolines, IVa—c (Table III, method C). Furthermore, 7-chloro-3,4-dihydro-2H-
pyrimido[2,1-b]benzoxazole (IVd) was prepared in 59% yield by method C through bromi-
nation of 5-chloro-2-(3-hydroxypropylamino)benzoxazole (IIlc) followed by cyclization
without using a base. The resulting compounds were identified as either 2-(N,N-dialkyl-
amino)benzoxazoles (III) or 3-alkyl-2-(alkylamino)benzoxazoles (IV) on the basis of spec-
tral data. Namely, Sam and co-workers previously reported that the ultraviolet (UV)
spectra of III and IV both showed a pair of absorption bands, but III gave a more intense
absorption band at the shorter wavelength region, whereas IV gave a more intense absorption
band at the longer wave length region. These findings were confirmed in the present work with
the exception of 2-(N-arylamino)benzoxazoles (IIIi—j). Furthermore, we found that an
absorption band due to the C=N bond in the benzoxazole ring of III generally appeared at a
position of higher than 1710cm ™!, while that of the imino group of IV generally appeared in’
the region below 1700cm~!. The structure of IVd was established on the basis of these
spectral data (Table 1V).

Unfortunately, 5-chloro-2-{[3-(N,N-diethylamino)propyl]imino}-3-methylbenzoxazoline
(IVh), which was expected to have biological activity, could not be obtained by method C.
The methylation of 5-chloro-2-[3-(N,N-diethylamino)propylamino]benzoxazole (IIId) with
methyl iodide took place at the diethylamino group. Therefore, we looked for another method

TaBLe II. 3-Alkyl-2-(alkylimino)benzoxazolines

method C
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v RS
R! R? (X) Method R.T.(°C)® R.T. (h)® gﬁgi‘gﬁf Product Y(f;’l)d
PhCH, Me(I) C 100 15 — IVa 82
PhCH, Me D 20 2 Mel, K,CO;, DMF  1Va 81
PhCH, PhCH,(Cl) C 100 15 — IVb 80
PhCH, PhCH, D 20 2 Mel, K,CO;, DMF IVb 58
PhCH, PhCH,CH,(Br) C 100 48 — Ve 74
CH,CH,CH,CH, Me D 20 2 Mel, K,CO,, DMF  IVe 90
PhCH,CH, Me D 20 2 Mel, K,CO,, DMF  IVf 84
Cyclohexyl Me D 20 2 Mel, K,CO,;, DMF  IVg 59
Et,NCH,CH,CH, Me D 20 48 CH,N,, Et,0O, THF IVh 70

a) Reaction temperature. b) Reaction time.
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Tasre III. Alkylation of N’-Benzyl-N-(5-chloro-2-hydroxyphenyl)-

N-methylthiourea (VIa)
@[OH _ alkylation ©:O>=NCH2P}1, R,S, @[OR
Cl N—C—NHCH,Ph r.t. Cl N Cl N—C—NHCH,Ph
| it | i 1}
Me S Me Me S
Via IVa VII VIII
Alkylating Y Other Product (yield, 7)
reagent R RT. (hy conditions
IVa VII VIII
Mel Me 2 K,CO,, DMF 91 — —
CH,N, Me 4d» Et,0, THF 63 — 10
DCC,” MeOH Me 3d THF 54 — 7
Me,SO, Me 2 PhCH,NEt, -Cl, 38 — 45
10% KOH, CH,Cl,
PhCH,Cl PhCH, 10 K,CO;, DMF 22 14 65
PhCH,CI PhCH, 10 KI, K,CO,, DMF 76 83 —
PhCH,Br PhCH, 10 K,CO,;, DMF 93 78 —

a) Reaction time. b) Days. ¢) N, N’-Dicyclohexylcarbodiimide.

for the preparation of analogs of IV having an additional reactive site with alkyl halides, such
as an amino group in the side chain.

Heating of S-chloro-3-methylbenzoxazoline-2-thione (IIa)'® with benzylamine at 80 °C
for 40min gave N’-benzyl-N-(5-chloro-2-hydroxyphenyl)-N-methylthiourea (VIa)'" as a
major product (73%) and IVa in a poor yield (9%). Conversion of Vla into IVa did not occur
even on heating or in the presence of catalysis. On the basis of path B in the reaction of Ia with
benzylamine giving IIIb (see Chart 1), it was considered that methylation of IVa to form the
methylthio group might favor subsequent ring-closure to give I1Va. Indeed, a variety of
analogs of IV were successfully prepared from II via VI according to this method (Table II,
method D).

When a soft alkylating agent such as methyl iodide was used in the reaction with Vla, IV
was obtained in a high yield. However, it was found that an increase of the hardness of the
alkylating agent resulted in an increased yield of the byproduct, N-(2-alkoxy-S-chlorophenyl)-
N’-benzyl-N-methylthiourea (VIII), which is the O-alkylated derivative of IVa. These results
are summarized in Table III. By means of this method, IVh was synthesized in 709, yield by
the reaction of IIa with excess 3-(N,N-diethylamino)propylamine followed by treatment of the
reaction mixture with diazomethane.

Experimental

Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. NMR
spectra were taken on a Hitachi R-24 spectrometer at 60 MHz. Mass spectra (MS) were recorded on a Shimadzu
LKB-9000 spectrometer, and infrared (IR) absorption spectra on a Nippon Bunko A-102 spectrometer.

General Procedure for the Preparation of 2-(Alkylamino)- or 2-(/V,N-Dialkylamino)-5-chlorobenzoxazole——
Method A: A mixture of Ia (1g) and an amine (3—5ml) was heated under the conditions shown in Table I.
Purification of the mixture by recrystallization or column chromatography gave the corresponding IIla—i.

Method B: A mixture of IIIb or Ille (1 g) and an alkyl halide (2—4eq) in dry DMF (10 ml) was stirred at room
temperature for the time shown in Table I. The mixture was poured into ice-water and extracted with AcOEt. The
AcOEt layer was washed with water, dried, and concentrated. Column chromatography of the residue gave the
corresponding IIIg—j.

The Reactions of /N’-Benzyl-NV-(5-chloro-2-hydroxyphenyl)-/V-methylthiourea (VIa) with Alkylating Agents
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With Methyl Iodide——A mixture of VIa (0.50 g), methyl iodide (0.5 g), and anhydrous K,CO; (0.5g) in dry
DMF (Sml) was stirred at room temperature for 2 h. The mixture was poured into ice water, then extracted with
Et,0. The Et,0 layer was washed with water, dried, and concentrated. The resulting residue was recrystallized from
petr. ether to give 0.41g (91%) of IVa.

With Diazomethane——A mixture of VIa (1.00g), excess CH, N, solution in Et,0, and dry THF (100 ml) was
allowed to stand for 4 d. Acetic acid was added to the solution until the yellow color of the solution disappeared, then
the mixture was neutralized with 109, NaOH, and extracted with AcOEt. The AcOEt layer was washed with 10%
HCI and brine, dried, and concentrated. Recrystallization of the residue from benzene gave 0.10g (10%) of N’-
benzyl-N-(5-chloro-2-methoxyphenyl)- N-methylthiourea (VIIIa), mp 182—183°C. IR v} cm~!: 3340 (NH). 'H-
NMR (CDCly) 6: 3.63 (3H, s, NCHj,), 3.86 (3H, s, OCH,), 4.88 (2H, d, J=5Hz, NCH,). MS m/z: 322 (M* +2), 320
(M*). dnal. Caled for C;¢H,,CIN,OS: C, 59.89; H, 5.34; N, 8.73. Found: C, 59.67; H, 5.16; N, 8.58. The aqueous
layer was neutralized with 109, NaOH and extracted with AcOEt. The AcOFEt layer was washed with water, dried,
and concentrated. Recrystallization of the residue from petr. ether gave 0.56 g (63%) of IVa.

With Dicyclohexylcarbodiimide (DCC) and Methanol——A mixture of DCC (1.4g) and MeOH (1ml) in dry
THF (20ml) in the presence of a catalytic amount of CuCl was stirred at room temperature overnight, then VIa
(1.00 g) was added. The mixture was further stirred for 72h and filtered. The filtrate was diluted with Et,O and the
mixture was shaken with 109, HCl. The organic layer was washed with water, dried, and concentrated. Purification
of the residue by column chromatography on silica gel eluting CH,Cl, gave 0.07 g (7%) of VIIIa. The aqueous layer
was neutralized with 109 NaOH and extracted with Et,O. The Et,O layer was washed with water, dried, and
concentrated. The residue was chromatographed on silica gel, and elution with benzene gave 0.48 g (54%) of VIa.

With Dimethyl Sulfate——A mixture of IVa (1.00g), dimethyl sulfate (1g), and benzyltriethylammonium
chloride (1g) in 109, KOH (10 ml) and CH,Cl, (20 ml) was stirred at room temperature for 2 h. The organic layer was
concentrated. The residue was washed with Et,0O and recrystallized from CH,Cl, to give 0.47 g (45%) of VIIIa. The
Et,0 washing was extracted with 109 HCl and the aqueous layer was neutralized with 109, KOH then extracted with
Et,0. The Et,0 layer was washed with water, dried, and concentrated to give 0.34g (38%) of IVa.

With Benzyl Chloride——Benzyl chloride (2 g) was added to IVa (2.00 g) in dry DMF (20 ml) in the presence of
K,CO; (2 g). After being stirred at room temperature for 10 h, the mixture was poured into ice water, then extracted
with Et,0. The Et,0 layer was shaken with 109 HCL The aqueous layer was washed with Et,O, then neutralized
with 109 NaOH and extracted with AcOEt. The AcOEt layer was dried, washed with water, and concentrated to give
0.40 g (22%;) of VIa. The combined Et,0 layer was washed with water, dried, and concentrated. The resulting residue
was chromatographed on a column of silica gel with petr. ether to give 0.20 g (14%) of dibenzyl sulfide (VII), which
was identical with an authentic sample by comparison of the NMR spectra. Further elution with AcOEt gave 1.68 g
(65%) of N’-benzyl-N-(2-benzyloxy-5-chlorophenyl)- N-methylthiourea (VIIIb), mp 124—125°C (from a mixture of
benzene and cyclohexane). IR v ai*lem ~*: 3320 (NH). 'H-NMR (in CDCl,) §: 3.63 (3H, s, NCH,), 4.88 (2H, d, J=
5Hz, NCH,), 5.13 (2H, s, OCH,). MS m/z: 398 (M* +2), 396 (M*). 4nal. Calcd for C,,H,,CIN,OS: C, 66.57; H,
5.33; N, 7.06. Found: C, 66.41; H, 5.48; N, 6.85.

With Benzyl Chloride in the Presence of Potassium fodide——A mixture of VIa (1.00 g) and benzyl chloride (1 g)
in dry DMF (10 ml) in the presence of anhydrous K,CO, (1.5 g) and KI (1 g) was stirred at room temperature for 10 h,
then poured into ice water, and extracted with Et,O. The Et,O layer was treated as described for the reaction of VIa
with benzyl chloride to give 0.68 g (76%) of IVa and 0.58 g (83%) of VIL

With Benzyl Bromide——A mixture of VIa (2.00g) and benzyl bromide (2.5g) in dry DMF (20ml) in the
presence of anhydrous K,CO; (2g) was stirred at room temperature for 10h, then poured into ice water, and
extracted with Et,O. The Et,O layer was treated as described for the reaction of VIa with benzyl chloride to give
1.65g (93%) of IVa and 1.09 g (78%) of VII.

General Procedure for the Preparation of 3-Alkyl-2-(alkylimino)benzoxazoline (IV)——Method C: A mixture of
III and an appropriate alkyl halide (2—4 eq) was heated under the conditions shown in Table III, then the mixture
was made basic with 10% NaOH and extracted with AcOEt. The AcOEt layer was washed with water, dried, and
concentrated. Purification of the product was performed by column chromatography or recrystallization to give the
corresponding IVa—c.

Method D: A mixture of II (1 g) and an amine (2—5ml) was heated at 80 °C for 40 min, then neutralized with
109, HCI, and extracted with Et,O. The Et,O layer was washed with water, dried, and concentrated. Methyl iodide
(2eq) was added to the residue in dry DMF (10ml) in the presence of anhydrous K,COj;. The mixture was stirred at
room temperature for 2 h, then poured into ice water, and extracted with AcOEt. The AcOEt layer was washed, dried,
and concentrated. The resulting residue was chromatographed on a silica gel column to give the corresponding IVa—
c, e—g.

7%Chloro—3,4-dihydro—2H-primido[2,l-b]benzoxazole (IVd)y——Bromine was added to a mixture of IIlc (0.50 g)
and triphenylphosphine (1.0 g) in dry DMF (30 ml) with cooling until the color of the solution became yellow. The
mixture was stirred at room temperature for 1h, and then at 100 °C for 5h. The mixture was poured into cold 109,
HCl, washed with AcOEt, made basic with 102, NaOH, and extracted with Et,0. The Et,O layer was washed with
water, dried, and concentrated. The resulting residue was recrystallized from Et,O to give 0.26 g (59%) of IVd.
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Physical properties and analytical data for IIla—j and IVa—~h are given in Table IV.
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