11.13 Product Class 13:
Benzoxazoles and Other Annulated Oxazoles

M. Schniirch, . Himmerle, and P. Stanetty

General Introduction

Previously published information regarding this product class can be found in Houben—
Weyl, Vol. E 8a, pp 1020-1194. Benzoxazole (1) is also named benzo[d]oxazole or 1,3-ben-
zoxazole, although the numbering can be omitted. Scheme 1 shows the basic structure
and numbering of the benzoxazole ring system, as well as "H NMR" and *C NMR? spec-
troscopic data for the parent compound. UV data for benzoxazole are as follows: A (€):
231 (3.90; 3.97), 263 (3.38), 270 (3.53; 3.61), 276 (3.51; 3.64).1

2-Methyl- and 2-phenylbenzoxazole were prepared in 1876 by Ladenburg and their
structure was also correctly assigned.

Scheme 1 Numbering of the Parent Ring System and NMR Shifts(*2]
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2-Heteroatom-substituted benzoxazoles may exist in two tautomeric forms (e.g., 2 and 3,
Scheme 2). The X-ray analysis of such compounds shows that benzoxazol-2(3H)-one (2,
X=0), benzoxazole-2(3H)-thione (2, X=S§), and N-benzylbenzoxazol-2(3H)-imine (4,
R'=Bn) exist with an exocyclic double bond in the crystalline form.® For benzoxazol-
2(3H)-ones and benzoxazole-2(3H)-thiones this is also true in solution (according to IR
and *C NMR#)). In solution, benzoxazol-2-amines occur in their 2-amino form 5 but in
the crystalline state it depends on the substituents; either only benzoxazol-2(3H)-imines
4 or a mixture of the imino and 2-amino form are present.”’)
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2 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 2 Tautomeric Equilibria in 2-Heteroatom-Substituted Benzoxazoles!>-
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Some reactions of benzoxazoles such as salt formation and quaternization occur, in anal-
ogy to oxazoles, at the ring nitrogen. Electrophilic substitutions, e.g. nitration or halogen-
ation, take place at the 5- or 6-position of the benzene ring, with preference for the
6-position. Nucleophiles attack benzoxazoles, benzoxazolium salts, and N-alkylbenzoxa-
zolium salts in the 2-position. As expected, nucleophilic substitutions of 2-halobenzoxa-
zoles take place very easily, but the alkylsulfanyl group is also a useful leaving group. N-Al-
kyl-2-chlorobenzoxazolium salts are still more reactive and are therefore efficient dehy-
drating agents,['% e.g. for the synthesis of isocyanides from formamides,!'!! or the forma-
tion of ketones from a-hydroxycarboxylic acids.['

The benzoxazole ring system occurs in a number of natural products, e.g. pseudo-
pteroxazole and salvianen (Scheme 3).3! Additionally, some biologically active com-
pounds containing the benzoxazole moiety, e.g. the herbicide fenoxaprop, have been de-
scribed in the literature.['”!

Scheme 3 Benzoxazole in Natural and Biologically Active Products!'!

pseudopteroxazole salvianen fenoxaprop
11.13.7 Synthesis by Ring-Closure Reactions
11.13.1.1 By Annulation to an Arene

11.13.1.1.1 With Formation of One 0—C and One N—C Bond
11.13.1.1.1.1 Fragment 0—C—C—C—N

11.13.1.1.1.1.1 Method 1:
Synthesis from 2-Hydroxybenzoic Acids, Amides, or Azides

Lossen reaction of 2-hydroxybenzoic acid (6, salicylic acid) with hydroxylamine hydro-
chloride in the presence of polyphosphoric acid at 150-170°Cl'Y and Hofmann degrada-
tion of salicylamide (8) both lead to benzoxazol-2(3H)-one (7) (Scheme 4).1%]
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11.13.1 Synthesis by Ring-Closure Reactions 3

Scheme 4 Benzoxazol-2(3H)-one via Lossen Reaction and Hofmann Degradationl's!
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In the reaction of 2-hydroxybenzoic acids 9 with sodium azide in concentrated sulfuric
acid at 0-5°C, benzoxazol-2(3H)-ones 10 are again formed (Scheme 5).1%°

Scheme 5 Benzoxazol-2(3H)-ones from Salicylic Acid via Schmidt Reaction!'6!
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11.13.1.1.1.12  Method 2:
Synthesis from 1-(2-Hydroxyphenyl)alkanone Oximes and Derivatives

Thereof (Beckmann Rearrangement)

The photolysis of oximes 11 leads to benzoxazoles 12 via Beckmann rearrangement and
cyclization. The reaction is carried out in protic solvents such as water, methanol, or eth-

anol (Scheme 6).117]

Scheme 6 Benzoxazoles via Photolytic Beckmann Rearrangement!'”!
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The reaction of 1-(2-hydroxyphenyl)alkanone oximes 13 under dehydrating reaction con-
ditions leads either to 1,2-benzisoxazoles (see Section 11.10.1.1.3) or via Beckmann rear-
rangement and cyclization to benzoxazoles 12. As expected, only E-oximes lead to benz-
oxazoles readily.'®1?l Most acidic catalysts commonly used in the Beckmann rearrange-
ment are applicable, including zeolites.?! Examples are presented in Scheme 7.
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11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 7 Beckmann Rearrangement of Oximes[20-24l
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Me Me HY zeolite, 160°C 92 83-85/20.25 [20]
@] Me HY zeolite, 160°C 90 52-53 (201
H Me PPSE,? PPE, rt 75 - (21]
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Me T H  concd H,S0, heat 81 144 (MeOH/H,0) (22]
% ©
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Me — Ac  NaOH, 185°C 54 144 (MeOH/H,0) (221
> O

N

Br Ph H PPA, 110°C,35min 93 111-112 (MeOH) (23]

2 PPSE = polyphosphoric acid trimethylsilyl ester.

OH
S N
/ \ N \OR]_ NaH, DMF, rt, 2-5 h <\;[ \;
S (0]
R Yield (%) Ref
Ac 80 (24]
2,4-(0,N)CgH, 58 (24]

Hydroxy-substituted 2-methylbenzoxazoles 14 are best formed in the presence of phos-
phoryl chloride/dimethylacetamide in acetonitrile (62-92% yields) (Scheme 8).2 With
this method, no concomitant formylation of the 2-methyl group is observed even at

slightly elevated temperatures.
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11.13.1 Synthesis by Ring-Closure Reactions 5

Scheme 8 Examples of the Preparation of Hydroxy-Substituted 2-Methylbenzoxazoles!?®!
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rt, 45 min N

Lee>m o >_
R3 R3
14

R R? R3 Yield (%)  mp (°C) Ref
H OH H 83 194-196 (25]
t-Bu OH Me 85 166-168 11
CEt,Me OH H 87 217-218 25]
OH 4-Tol H 92 195-196 (251
H O(CH,)sMe H 76 56-57 [25]

6-Hydroxy-2-methylbenzoxazole (14, R' = R® = H; R? = OH); Typical Procedure:!

POCl, (2.4 mL, 26 mmol) was added dropwise (at <30 °C) to a stirred soln of 2,4-dihydroxya-
cetophenone oxime (4.20 g, 25 mmol) in DMA/MeCN (1:3; 20 mL) over 15 min. The mix-
ture was stirred for 30 min at rt and then poured into a soln of NaOAc (6.0 g) in ice water
(200 mL). The product precipitated and was collected by filtration; yield: 3.08 g (83%); mp
194-196°C.

11.13.1.1.1.2 Fragments O—C—C—N and C

11.13.1.1.1.21  Method 1:
Synthesis from 2-Nitrophenols and Carbonic Acid Derivatives or Aldehydes

2-Nitrophenols can be reduced to 2-aminophenols and then reacted with a C; component
and cyclized to benzoxazoles 15 in some cases in situ. One example for such an applica-
tion is reduction with Raney nickel. After filtration of the catalyst, the reaction mixture
is immediately reacted with cyanogen bromide (Scheme 9).2¢!

Scheme 9 Benzoxazol-2-amines from 2-Nitrophenols Using Raney Nickel/Cyanogen

Bromide!26]
RL NO. 1. Hy, Raney Ni, MeOH or EtOH, 20 °C, 100 atm Rl
| N 2 2. BICN, K,CO3, H,0, 45 °C, 8 h or reflux, 2.5 h \E): N\>—NH
2
ZoH X0
15
R Yield (%) mp (°C) Ref
H 53 132 26]
CO,Me 78 235 126]
CO,Et 75 210 (26]
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6 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Alternatively, this type of transformation can be carried out with chromium(II) chloride/
manganese(0) and aldehydes in a redox-coupled reaction (Scheme 10). Both aliphatic and
aromatic aldehydes can be converted into benzoxazoles 16 by this one-pot method.?”
An electron-withdrawing group para to the nitro functionality is essential for a successful
transformation.

Scheme 10 Benzoxazol-2-amines from a 2-Nitrophenol Using Chromium(ll) Chloride/
Manganese(0)127]

1. CrCly, Mn
NO; [e) TMSCI, DMF N
(a0 & WL
MeO,C OH MeO,C o
16
R Yield (%) Ref
Ph 73 127]
2,4-(MeO),C.H, 47 7]
4-MeOCgH, 35 7]
(CH,),Me 76 (27]
Pr 67 127]
(CH,),Me 55 127]
&Y 81 1271
iPr 57 [27]
s-Bu 62 1271
2-HOC H, 0 7]

Benzoxazol-2-amines 15; General Procedure:¢!

The 2-nitrophenol (1 mol) was dissolved in MeOH or EtOH (1.3 L) and hydrogenated under
Raney Ni catalysis (15 g) at 20°C and 100 atm H, in a shaking autoclave. The catalyst was
then removed by filtration and BrCN (105.9 g, 1 mol) and K,CO, (138.2 g, 1 mol) were add-
ed in portions [dissolved in H,0 (200-300 mL)]. During the addition the temperature rose
to 45°C. The mixture was stirred for 8 h or refluxed for 2.5 h. The resulting precipitate
was then filtered, washed with H,0, and purified by recrystallization.

Methyl 2-Phenylbenzoxazole-6-carboxylate (16, R! = Ph); Typical Procedure:?”

Methyl 3-hydroxy-4-nitrobenzoate (99 mg, 0.5 mmol), Mn chips (165 mg, 3 mmol), and
CrCl, (13 mg, 0.1 mmol) were taken up in dry DMF (3ml) in a flame-dried, N,-purged
round-bottomed flask. TMSCI (0.25 mL, 2 mmol) was slowly added dropwise (CAUTION:
on a larger scale, this step proceeds noticeably exothermically and should be carried out at
0°C). After allowing this mixture to stir at rt for 15 min, PhCHO (53 mg, 0.5 mmol) was
added, and stirring was allowed to continue at rt for 18h. The reaction was then
quenched with H,O (3 mL), and the mixture was allowed to stir for an additional 1 h. The
resulting mixture was then poured into H,0 (10mL) and extracted with EtOAc (3 x
15 ml). Care must be taken during the extraction procedure not to vigorously agitate the
mixture, as intractable emulsions can result. The combined organic extracts were dried
(Na,SO,) and filtered, and the solvent was removed under reduced pressure. Purification
of the crude product by flash chromatography (silica gel, hexane/EtOAc 4:1) provided a
white solid; yield: 92 mg (73%).
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11.13.1 Synthesis by Ring-Closure Reactions 7

11.13.1.1.1.22  Method 2:
Synthesis from 2-Aminophenols and Carbonic Acid Derivatives

11.13.1.1.1.22.1 Variation 1:
Synthesis of 2-Alkoxybenzoxazoles or Benzoxazol-2(3H)-ones

2-Ethoxybenzoxazole is formed from 2-aminophenol by reaction with tetraethoxyme-
thane (60% yield) or triethoxyacetonitrile (48%).128!

Benzoxazol-2(3H)-ones (e.g., 17) are formed in the reaction of 2-aminophenols and
phosgene,?°31l ethyl chloroformate,’? or urea.*%3334 In the case of phosgene (Scheme
11) the reaction is mostly carried out in presence of a base (e.g., KOAc,? pyridine,!32
NaOH, % or NaOAck®)).

Scheme 11  Benzoxazol-2(3H)-ones from 2-Aminophenols and Phosgenel30:31:35-37]

Rl Rl
o)
R? NH, ¢ R? o
Cl Cl /\=O
R3 OH R3 o
R R
17
R R? R®* R* Conditions Yield (%) Ref
Me Me H  KOAc, EtOAc, reflux 68 (301
Me H Br  CHCl;, reflux, 30 min 57 (371
Br H NaOAc, EtOAc 90 (361
NO, H 4 M NaOH, toluene, 5°C, 1 h, then 20°C, Th 62 (3]
CO,Me H H toluene, pyridine 96 (1]

2-Aminophenols are cyclized easily with ethyl chloroformate in the presence of sodium
ethoxide in ethanol to the corresponding benzoxazol-2(3H)-ones 18 in good yields.?
The use of phenyl chloroformate and sodium hydrogen carbonate has also been reported
and good yields are usually obtained (Scheme 12).1%!

Scheme 12 Benzoxazol-2(3H)-ones from 2-Aminophenols and Phenyl Chloroformatel8!

R? Rl
R2 NHy 1. PhOCOCI, NaHCO3, EtOH R2 H
2. NaOH N>=O
R® OH R3 ©
18

R R? R3 Yield (%) mp (°C) Ref

H H 83 139-140 B8]

Me H 66 131-132 (8]

H Me 80 145-146 (8]
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8 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

R R? R3 Yield (%) mp (°C) Ref
H NO, H 76 229-230 (38]
NO, H H 78 229-231 (38]
H CO,Et H 71 132-133 (38]
H H OMe 70 152-153 (38]

The reaction of 2-aminophenols®? (or their hydrochlorides)®*34 with urea is widely ap-
plied (Scheme 13). The synthesis can be carried out neat in the melt at an optimal temper-
ature of 145 °C.

Scheme 13 Benzoxazol-2(3H)-ones from 2-Aminophenol Hydrochlorides and Ureal30-3439]

le@i NHy+HCl o )J\NHZ Rl H
R? OH Rz: C :O/EO
19
R’ R? Conditions Yield (%) Ref
a H 140-150°C, 2h 92 [34]
OMe 180°C, 2h 26 139
H 180°C, 2h 88 [30]
Me H 180°C, 2h 79 30]
Pr H 180°C, 2h 79 o)
OMe H 180°C, 2h 76 [30]
(CHy),Me H 180°C, 2h 90 [30]
OH H 145°C, 3h 47 B3]
H OH 145°C, 3 h 34 133]

An alternative reagent, 1,1’-carbonyldiimidazole, has been applied in a series of exam-
ples, giving benzoxazol-2(3H)-ones 20 in good to excellent yields (Scheme 14).14%I The reac-
tions are carried out in refluxing tetrahydrofuran; thus, comparatively mild reaction con-
ditions are sufficient.!
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11.13.1 Synthesis by Ring-Closure Reactions 9

Scheme 14 Benzoxazol-2(3H)-ones from 2-Aminophenols and 1,1’-Carbonyldiimidazolel

o

Né\N)J\N«N
NH, \a \k/ H
THF, reflux
-_— >:O
R? R2
20

R R? Yield (%) mp (°C) Ref
H H 97 1415 (ol
Me H 75 145-146 [40]
OMe H 73 154 [40]
OMe OMe 95 180-180.5 140]
NO, H 97 145-146 [40]

5,6-Dimethylbenzoxazol-2(3H)-one (17, R'=R*=H; R? =R = Me); Typical Procedure:*’

‘CAU’I‘ION: Phosgene is a severe respiratory irritant and very toxic by inhalation.

A soln of phosgene (30 g, 0.3 mol) in EtOAc (400 mL) was added dropwise with vigorous
stirring to a suspension of 2-amino-4,5-dimethylphenol (34.2 g, 0.25 mol) and dry KOAc
(59 g, 0.6 mol) in EtOAc (600 mL). The soln was refluxed for a short period and then H,O
was added. The organic layer was separated and washed with H,O and 5% aq HCl, and
the solvent was evaporated. For purification, the residue was treated with 10% aq NaOH
and cooled with ice, and the precipitated Na salt was isolated by filtration. The product
was then suspended in H,O and acidified. From the alkaline filtrate further product could
be isolated; overall yield: 27.6 g (68%); mp 177-178 °C (EtOH).

Benzoxazol-2(3H)-one (18, R! =R?=R®=H); Typical Procedure:"®

A mixture of 2-aminophenol (10.9 g, 0.1 mol), MeOH (50 mL), H,O (50 mL), and NaHCO,
(8.4g, 0.1 mol) was treated at 25-30°C with phenyl chloroformate (15.65g, 0.1 mol),
which was added over 10 min. The resulting slurry was stirred for 30 min and was treated
dropwise, again at 25-30°C, with a soln of NaOH (4 g, 0.1 mol) in H,O (50 mL). The result-
ing product soln was acidified to about pH 5 with a soln of concd HCl (10g) in H,O
(50 mL). The resulting tan precipitate was collected by filtration and washed with H,0;
yield: 11.2 g (83%); mp 139-140°C.

Hydroxy-Substituted Benzoxazol-2(3H)-ones 19; General Procedure:*3!

The hydroxyl-substituted 2-Aminophenol hydrochloride (3.23 g, 20 mmol) and urea (4.0 g,
67 mmol) were ground together and heated for 3 h to 145 °C. Upon cooling, the crude ma-
terial crystallized and was then recrystallized (H,O) in the presence of charcoal; yield: 34—
65%.

Benzoxazol-2(3H)-ones 20; General Procedure:“’

1,1’-Carbonyldiimidazole (7.3 g,45 mmol) was added to a soln of the 2-aminophenol
(30 mmol) in dry THF (100 mL). The mixture was refluxed for 4 h, the solvent was removed
under reduced pressure, and the residue was distributed between 2 M aq HCl and CHCl,.
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10 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

The organic layer was separated, treated with charcoal, dried (Na,SO,), and filtered, and
the solvent was evaporated. The crude material was recrystallized (CH,Cl,).

11.13.1.1.1.2.2.2 Variation 2:
Synthesis of Benzoxazole-2(3H)-thiones

The synthetic routes to benzoxazole-2(3H)-thiones 21 from 2-aminophenols are similar to
those for benzoxazol-2(3H)-ones (see Section 11.13.1.1.1.2.2.1). The most frequently ap-
plied reagents are thiophosgenel”#243 or potassium 0-alkyl carbonodithioates (KS,COR?,
R!'=Me, Et) (Scheme 15).[4>-%5 The O-alkyl carbonodithioate can be prepared in advance
by reaction of carbon disulfide, potassium hydroxide, and an alcohol.l Alternatively, it
can be also formed in situ by heating carbon disulfide and potassium hydroxide with the
2-aminophenol in ethanol.[7:3446:47]

Scheme 15 Synthesis of Benzoxazole-2(3H)-thiones!”:43-46:48]

R Ri

R2 NH, R2 i
—Z ﬁ} &
OH 9]
R3 R3
21

R R? R3 Conditions Yield (%) Ref
H Me H KS,COEt, pyridine, reflux 97 (4]
H Ms H KS,COEt, pyridine, reflux 57 [43]
H cl H KS,COEt, pyridine, reflux 94 (4]
H CO,Me H KS,COEt, pyridine, reflux 96 [43]
H NO, H KOH, CS,, EtOH 66 71
H H H KOH, CS,, EtOH 61 146]
Me a iPr KOH, CS,, MeOH 87 (44]
H OMe H KS,COEt, EtOH 90 48]

H
- NH;
NI X KS,COEt, EtOH N= | N R
—_— P
K/ 83% N\ o

OH

5-Methylbenzoxazole-2(3H)-thione (21, R' =R®=H; R? = Me); Typical Procedure:*’!

A mixture of 2-amino-4-methylphenol (12.3 g, 0.10 mol) and KS,COEt (17.6 g, 0.11 mol) in
pyridine (100 mL) was stirred and refluxed for 2 h. It was cooled to rt and poured into a
mixture of ice water (400 mL) and concd HCI (40 mL). The solid was collected, washed
with H,0, and dried in the hood overnight and then in a vacuum oven at 45 °C for several
hours to give a beige powder; yield: 16.0 g (97%); mp 220-223°C.
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11.13.1 Synthesis by Ring-Closure Reactions 11

Benzoxazole-2(3H)-thione (21, R* =R?=R®=H); Typical Procedure:/°l

CAUTION: Carbon disulfide is extremely flammable, and toxic by inhalation, skin absorption,
and ingestion.

2-Aminophenol (27.3 g, 0.25 mol), CS, (20 mL, 0.33 mol), and KOH (2.5 g, 45 mmol) were re-
fluxed for 6 h in EtOH (10 mL). The solvent was removed and the residue was dissolved in
H,0. Subsequently, the product precipitated with 2Maq HCl and was recrystallized
(EtOH/H,0 1:3); yield: 23 g (61%); mp 193 °C.

11.13.1.1.1.2.2.3 Variation 3:
Synthesis of Benzoxazol-2-amines

Upon reaction of 2-aminophenol with isothiocyanates in the presence of dicyclohexylcar-
bodiimide, N-substituted benzoxazol-2-amines are obtained (Scheme 16).14%50

Scheme 16 Benzoxazol-2-amines from 2-Aminophenols and Isothiocyanates(#%:50

2 RINCS, DCC N
©i 'S 0°C @i H—NHR!
OH %

R =Ph, Bn, aryl

Eariler, cyanogen bromide was applied in the synthesis of benzoxazol-2-amines 22
(Scheme 17).[34:36.51,52]

Scheme 17 Benzoxazol-2-amines from 2-Aminophenols and Cyanogen Bromidel3436:51.52]

R! R?
R2 NH, R? N
BrCN, 25 °C
OO ==
OH (@)
22

R R? Conditions Yield (%) Ref
H a EtOH, H,0, 2d 88 (34]
OH H H,0, 2d 50 [51)
H NO, EtOH, H,0, 12h 64 (52

Benzoxazol-2-amines 22; General Procedure:*¢

At rt, BrCN (116.6 g, 1.1 mol) was stirred in MeOH/H,O (7:3; 200 mL). Then, a soln of the
2-aminophenol (1 mol) dissolved in a minimum amount of MeOH was added and the mix-
ture was stirred for 40 min. The soln was subsequently neutralized with concd aq NaOH
and most of the MeOH was removed by distillation. The residue was treated with H,O
and the crude material was collected by filtration. Recrystallization (H,O) in the presence
of charcoal led to pure products; yield: 50-70%.

for references see p 50
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12 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

11.13.1.1.1.23  Method 3:
Synthesis from 2-Aminophenols and Carboxylic Acid Derivatives

11.13.1.1.1.23.1 Variation 1:
Using (Trihalomethyl)arenes or Carboxylic Acid Ortho Esters

2-Arylbenzoxazoles are accessible via condensation of 2-aminophenols with (trifluoro-
methyl)- or (trichloromethyl)arenes in polyphosphoric acid as solvent (35-96% yield).5?!
Dilithiated 2-aminophenol also reacts with (trifluoromethyl)arenes to give benzoxazoles
23 (Scheme 18).54

Scheme 18 Benzoxazoles from 2-Aminophenol and (Trifluoromethyl)arenes!>4

1. Al’CF3, THF
BuLi (2 equiv) —7810 23 °C
NH THF 1 2.23°C,12h
g —78 °C, 20 min L 3. H,0 N
—_— — > \>_Af1
OH OLi O
23
Ar! Yield (%) Ref
2-H,NCeH, 49 [54]
2-H,N-5-CIC¢H, 52 [54]

NH
N 3

2-Substituted benzoxazoles 24 are formed upon heating 2-aminophenols with trialkyl or-
tho esters, either neat®5% or in the presence of an acid (e.g., concd H,SO,,”” pyridinium
4-toluenesulfonate/xylene,® or glacial AcOH®?) (Scheme 19). The application of KSF clay
(a commerecial clay) as acid catalyst under thermal conditions and microwave irradiation
has also been reported.®” Trialkyl orthoformates yield benzoxazoles unsubstituted at
the 2-position, but 2-alkyl, 2-(chloromethyl)-, and 2-(alkoxycarbonyl)benzoxazoles can
also be obtained via this method.’® Additionally, these acid-promoted methods have
been applied in the synthesis of oxazolo[4,5-b|pyridines(®*®? and oxazolo[4,5-d|pyrimi-
dines./*%
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11.13.1 Synthesis by Ring-Closure Reactions 13

Scheme 19 Benzoxazoles from 2-Aminophenols and Ortho Esters!>%56.63]

R? R
R2 NH, R2 N
RSC(OR%);
e S
R3 OH R °
R4 R
24
R R? R3 R* R> R®  Conditions Yield (%) Ref
H H H H H H rt, 10 h, then distillation 67 (53]
H F H F CH,Cl Et EtOH, 60°C, 1-4h 72 (63]
OMe H H H CO,Me Me 100°C,18h 63 (56]
H H H H CO,Me Me 100°C,18h 60 (58]
a H H H CO,Me Me 100°C,18h 54 (58]
(CH=CH), H H CO,Et Et 100°C, 18 h 48 (56]
H (CH=CH), H CH,Cl  Et  EtOH, 60°C, 1-4h 86 [63)
Cl CH=CHCH=N CO,Me Me 100°C, 18h 51 (58]
N_ _NH, EtO,CC(OEN)s

N N
AN 100°C, 18 h -
E/\[ . - LJ: \>—C02Et
= 6 X
OH o

Benzoxazole (24, R =R?=R3=R*=R°=H); Typical Procedure:"’

2-Aminophenol (2.73 g, 25 mmol) was mixed with (EtO),CH (12 g, 80 mmol) and left to
stand for 10 h. Then, the formed EtOH was distilled off at 130-135°C (bath temperature)
within 4 h. Subsequently, the temperature was raised and the excess (EtO),CH was dis-
tilled off before the product was collected at 200-230°C (bath temperature); yield: 2.2 g
(67%); bp 181 °C|760 Torr; mp 30 °C.

11.13.1.1.1.2.3.2 Variation 2:
Using Carboxylic Acids

2-Aminophenols can cyclize to benzoxazoles in the presence of carboxylic acids upon
heating to high temperatures, either neat or in a solvent, in the presence of a dehydrating
agent (e.g., PPA, PPE, H,BO,). When equimolar amounts of 2-aminophenols 25 and aryl- or
alkylcarboxylic acids are heated, temperatures of 140-220°C are required?®*%4%8 for the
formation of the corresponding 2-aryl- or 2-alkylbenzoxazoles 26 (Scheme 20). The
above-mentioned methods can also be applied to the synthesis of oxazolo[5,4-b|pyridines
[using PPA,[®*70 polyphosphoric acid trimethylsilyl ester (PPSE),I”%:72l or H,BO,"?l]. In some
cases, solvents (xylenel’#) can be used and the formed water can be removed by azeotropic
distillation.

for references see p 50
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14 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 20 Benzoxazoles from 2-Aminophenols and Carboxylic Acids!34:64-66.68]

RY NH, RY

N
R3CO,H, 140-220 °C \>_ 3
—_— R
OH 0
R2 R2
25 26
R R? R3 Conditions Yield (%) mp (°C) or bp (°C/Torr)  Ref
Ph H Bn 200-220°C, 3 h 49 52-54 [66]
t-Bu t-BuCO,H (excess), 220°C, 10h 60 124/17.25 165]
(CHy),Me 1. reflux 67 264-266 168]
2. distill
t-Bu tBu H reflux, 2.5h 83 53-55 [64]
COH H H 1. reflux, 3h 94 249 (dec) [34]
2.170°C,3h

Since high temperatures are necessary for this process, microwave-assisted synthesis in
ionic liquids has been used to accelerate this transformation.®”! In the presence of substoi-
chiometric amounts of Lawesson’s reagent, a series of benzoxazoles 27 are formed within
2-4 minutes in 59-90% yield (Scheme 21).7%!

Scheme 21 Microwave-Assisted Synthesis of Benzoxazoles!”>!

RICO,H

T ey N
o ET o
OH x o

27

R Time (min)  VYield (%)  Ref
Ph 4 83 [75]
3,4-(Me0),CH, 4 79 175)
2,4,5-(MeO);CgH, 4 74 [75]
3-Tol 4 90 [75]
4-CICH, 4 75 175)
1-naphthyl 4 87 73]
2-pyridyl 4 71 (73]
2-thienyl 4 80 (73]
CH=CHPh 4 59 [75)
Bn 2 90 (73]
3,4-(MeO),CeHsCH, 2 80 (75)
(CH,)sMe 2 90 175]
(CH,);eMe 2 84 7s]
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11.13.1 Synthesis by Ring-Closure Reactions 15

2-Aminophenols cyclize with carboxylic acids in polyphosphoric acid at 150-250°C.[7677]
When polyphosphate ester is used instead, milder reaction conditions (bath temperature
100-120°C, 30 min) can be applied (Scheme 22). 2-Alkyl- and 2-arylbenzoxazoles 28 can be
prepared via this method.”3-80

Scheme 22 Polyphosphate Ester Mediated Synthesis of Benzoxazoles from
2-Aminophenols and Carboxylic Acidsl”8:38]

1,
NH, R*COzH, PPE

100-120 °C, 30 min @ N\ =
L, === Uy
28

R Yield (%) mp (°C) or bp (°C/Torr) Ref
Me 75 115/30 (78]
Ph 70 102-103 78]
4-CICH, 57 151-152 (78]
4-0,NCgH, 50 264-265 78]
4-NCCgH,CH, 65 82-83.5 [79)
4-BrCH,CeH, 50 160-165 [81)
4-ACNHCH, 44 205 [78)

2-Aryl- and 2-hetarylbenzoxazoles 29 are obtained upon heating equimolar amounts of
2-aminophenols and carboxylic acids in high-boiling solvents in the presence of catalyt-
icl8283 or stoichiometric amounts!®¥ of boric acid (Scheme 23). The formed water has to
be removed continuously. Since boric acid in xylene is a relatively weak acid compared
to polyphosphoric acid, furancarboxylic acids and monomethyl terephthalates can also
be reacted without major decomposition. Additionally, the workup procedure is less elab-
orate in the case of boric acid compared to polyphosphoric acid or polyphosphate ester.54

Scheme 23 Boric Acid Mediated Synthesis of Benzoxazoles from 2-Aminophenols and Carboxylic Acids82-85]

Rlﬁ - : Rlﬁ N
R3CO,H, H3B0; 8 3
—_— —R
R OH R? o

29
R RZ R Conditions Yield mp (°C) Ref
(%)
H H  4-MeO,CC¢H, xylene, reflux, 24 h 60 197-198 (84]
NO,
;‘ S
H H \ /) ethylene glycol, reflux, 5h 82 >360 (83]
HO OH
H H 4Tl [EtO(CH,),],0, [BUO(CH,),],0, 53 114-115 [
240°C, 3.5h

for references see p 50
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16 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

R RZ R3 Conditions Yield mp (°C) Ref
(%)

H  Me 4tBuCH, [EtO(CHS),],0, [BUO(CH,),],0, 95 69.5-70 52
240°C, 3.5h

H Me Ph [EtO(CH,),],0, [BUO(CH.),],0, 90 925-93 I
240°C,3.5h

Me Me 4-Tol [EtO(CH,),],0, [BUO(CH,),],0, 74 207-207.5 52
240°C,3.5h

H  Ph 4ol [EtO(CH,),],0, [BUO(CH,),],0, 73 145.5-146 182
240°C, 3.5h

tBu H  4Tol [EtO(CH,),],0, [BuO(CH.),],0, 53 113.5-114 [
240°C,3.5h

G H  4Tol pyridine, trichlorobenzene, 85 136.5-137 8
210-270°C

A very efficient protocol uses Deoxo-Fluor {F;SN[(CH,),0Me],} for the synthesis of a series
of 2-substituted benzoxazoles, e.g. 30, from 2-aminophenols and carboxylic acids
(Scheme 24).18¢ This protocol proves to be extremely high yielding, with yields of >95%
for all the examples reported.

Scheme 24 Deoxo-Fluor Mediated Synthesis of (E)-2-(Heptadec-8-enyl)benzoxazole!s®!

™
WCOZH

Deoxo-Fluor, iPrNEt

NH
@ 2 KCO3,0°C, 2 h @N\
e
97% ; : )7_; }7
OH %
30

Thionyl chloride/dimethylformamide has also been used in two examples in a high-yield-
ing one-pot synthesis of 2-arylbenzoxazoles from 2-aminophenol and benzoic acids.#”

2-Benzyl-5-phenylbenzoxazole (26, R' =Ph; R?=H; R® = Bn); Typical Procedure:/®°
2-Amino-4-phenylphenol (89 g, 0.48 mol) and BnCO,H (65 g, 0.48 mol) were heated togeth-
er at 200-220°C for 3 h. The product was treated with aq NaOH and the mixture was ex-
tracted with CHCI,. Removal of the CHCI; gave an oil, which was crystallized [hexane
(Norit carbon)| to give white needles; yield: 67 g (49%); mp 52-54 °C.

2-(3-Tolyl)benzoxazole (27, R! = 3-Tol); General Procedure:!”!

A mixture of 3-TolCO,H (136 mg, 1 mmol), 2-aminophenol (109 mg, 1 mmol), and Lawes-
son’s reagent (141 mg, 0.35 mmol) was irradiated in an open vessel with microwaves in a
monomode oven (Discover CEM, 300 W, temperature control set at 190°C, measured
with an IR sensor) for 4 min. The crude mixture was dissolved in CH,Cl, (30 mL), and the
soln was washed with 10% aq NaOH (2 x 20 mL), dried (Na,SO,), and concentrated to give
pure (by NMR) 2-(3-tolyl)benzoxazole. Further purification by flash chromatography gave
a white solid; yield: 188 mg (90%); mp 82-83°C (EtOH).

2-Substituted Benzoxazoles 28; General Procedure:["®!

To a mixture of 2-aminophenol (1.1 g, 10 mmol) and PPE (10 g) was added the carboxylic
acid (15 mmol) at 100 °C (bath temperature) and the mixture was kept at that temperature
for another 30 min. After cooling, ice water (50 mL) was added and the mixture was neu-
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11.13.1 Synthesis by Ring-Closure Reactions 17

tralized with an excess of NaHCO,. The resulting precipitate was collected by filtration,
washed, and dried. The crude product was purified either by extraction with hexane, ben-
zene (CAUTION: carcinogen), or Et,0, or by recrystallization.

2-(4-Tolyl)benzoxazole (29, R! =R?=H; R®=4-Tol); Typical Procedure:[*2

4-TolCO,H (13.6 g, 0.1 mol), 2-aminophenol (11.0g, 0.1 mol), and H;BO, (0.5g, 8 mmol)
were heated to 240 °C in a mixture of bis[2-ethoxyethyl| ether (40 mL) and bis[2-butoxyeth-
yl] ether (10 mL) under stirring and a N, atmosphere for 3 h. The H,O that formed and the
lower-boiling solvent were continuously removed by distillation. The mixture was kept at
240°C for 30 min. Then, it was cooled and dioxane (40 mL) and then MeOH (60 mL) were
added. The mixture was cooled to 0-5°C and the precipitate was collected by filtration,
washed with MeOH, and dried; yield: 11.1 g (53%); mp 114-115°C (EtOH).

(E)-2-(Heptadec-8-enyl)benzoxazole (30); Typical Procedure:[*°!

(E)-Octadec-9-enoic acid (49.4 mg, 0.175mmol), iPr,NEt (80 pL, 0.46 mmol, 2.6 equiv),
2-aminophenol (42.10 mg, 0.385 mmol, 2.2 equiv), and K,CO, (excess) were dissolved in
CH,CI, (2mlL). The mixture was cooled to 0°C, and Deoxo-Fluor (71 uL, 0.385 mmol,
2.2 equiv) was added dropwise. After 2 h, the reaction was quenched with sat. aq NaHCO,
at 0°C. After warming to rt, the biphasic mixture was extracted with CH,Cl,. The com-
bined organic extracts were dried (MgSO,), filtered, and concentrated under reduced pres-
sure. Flash column chromatography provided a light yellow solid; yield: 60.3 mg (97%).

11.13.1.1.1.2.3.3 Variation 3:
Using Carboxylic Acid Chlorides

Upon reaction of 2-aminophenols 31 with acyl chlorides and subsequent distillation™ at
high temperatures (in high-boiling solvents such as xylene,®¥ N,N-dimethylaniline, ¥ or
pyridine?) the corresponding 2-alkyl- or 2-arylbenzoxazoles 32 are obtained (Scheme
25). In a two-step process, oxazolo[4,5-b]pyridines are prepared from 3-aminopyridin-2-
one via acylation with acid chlorides and subsequent cyclization of the intermediate
carboxamide with phosphoryl chloride.*

Scheme 25 Benzoxazoles from 2-Aminophenols and Acid Chlorides!®8-20I

Rl Rl
o
R? NH, L R? N
5
_R o \>_R5

RS OH R3 (¢}

R4 R4

31 32
R" R? R3 R* R° Conditions Yield (%) mp (°C) Ref
H H H H  1-adamantyl PhNMe,, reflux, 45 min 90 100 (89]
F F F F  Ph xylene, 200°C, 12h 84 119.5-120.5 [88]
H H H H  2,5-t-Bu,-4-HOCH, 1. pyridine, 120°C 83 169-170 [%0)

2. neat, 200°C

H d H H  2,5-t-Buy4-HOCH, 1. pyridine, 120°C 22 197-198 (0]

2. neat, 200°C

for references see p 50

M. Schnirch, J. Hdmmerle, and P. Stanetty, Section 11.13, Science of Synthesis Updates,
© 2010 Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

18 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

RT R? R3 R* RS Conditions Yield (%) mp (°C) Ref

H NO, H H  2,5-t-Buy-4-HOC,H, 1. pyridine, 120°C 38 174-175 (o0}
2. neat, 200°C

H Me H H  2,5-t-Buy4-HOCH, 1. pyridine, 120°C 68 168-169 [90]
2. neat, 200°C

H H Me H  2,5-t-Buy,-4-HOCgH, 1. pyridine, 120°C 50 187-188 [90]
2. neat, 200°C

H H  OMe H 25-£Buy4-HOCH, 1.pyridine, 120°C 42 169-170 [90]
2. neat, 200°C

If methyl 2-amino-3-hydroxybenzoate (33) is reacted with acyl chlorides in the presence
of triethylamine in refluxing xylene, the corresponding amides are initially obtained;
however, upon addition of pyridinium 4-toluenesulfonate cyclization to the correspond-

ing 2-substituted methyl benzoxazole-4-carboxylates 34 occurs (Scheme 26).58]

Scheme 26 Benzoxazoles from Methyl 2-Amino-3-hydroxybenzoate and Acid Chlorides!>®!

[e]
CO,Me le\q

NH, pyridinium 4-toluenesulfonate
Et3N, xylene, reflux, 16 h

CO,Me

N
[ Sw
(o]

OH
33 34
R Yield (%) mp (°C) Ref
Me 78 77-79 (58]
t-Bu 86 67-69 (58]
4-MeOCH, 79 96-98 (58]
2-furyl 64 137-139 (58]
3-pyridyl 54 124-126 (58]

11.13.1.1.1.2.3.4 Variation 4:

Using Carboxylic Acid Anhydrides or Imidates

Upon heating of 2-aminophenol with acetic anhydride and subsequent distillation,
2-methylbenzoxazole 35 is obtained via N,0-diacetyl-2-aminophenol (Scheme 27).14°1.92]
Other 2-methylbenzoxazoles,!®¥ 2-(prop-1-enyl)benzoxazole,”® and oxazolo[5,4-b|pyri-
dines**! have been prepared similarly.

Scheme 27 2-Methylbenzoxazole from 2-Aminophenol and Acetic Anhydridel®']

1. Ac,0, reflux, 30 min

NH,
@ 2. distillation (140-210 °C)
OH

78%

L,

\>_

35
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11.13.1 Synthesis by Ring-Closure Reactions 19

Alkyl imidates 36 cyclize easily with 2-aminophenols in various solvents at different tem-
peratures to give 2-substituted benzoxazoles 37 (Scheme 28).17%-96.97

Scheme 28 Benzoxazoles from 2-Aminophenols and Alkyl Imidates(72-96-101]

NH-HCI

R NH, R3J\OR4 RY N

OH o

R? R?
37

R RZ R3 R*  Conditions Yield (%) mp (°C) Ref
H Me Me  MeOH, reflux, 30 min 78 -2 [96.98]
H H  CH,CO,Et Et  EtOH, 20°C, 24h 73 56-57 (971
H CCly Me EtOH, 20°C, 96 h 60 60 (991
H c  cd, Me EtOH, 80°C,2h 50 58 991
Br Br CCl Me  EtOH, 80°C, 2h 60 120 [99]
| | CCly Me EtOH, 80°C,2h 70 105 [99]
H H  4-BrCeH,CH, Me CHCl;, N,, 25°C, 6h 72 92-95 [79)
H H 1,2,4-oxadiazol-3-yl Me MeOH, reflux, 1.5h 62 158-159 (100]
CH,CO,H H  4-pyridyl Et  AcOH, MeOH, reflux, 6h 54 310-320 (dec) 01

2bp 203-208°C.

Alternatively, S-methyl alkanimidothioate hydriodides in the presence of silica gel under
microwave irradiation to give 2-substituted benzoxazoles in good yields in 2-2.5 min-
utes.[12]

2-Methylbenzoxazole (35); Typical Procedure:*"

2-Aminophenol (20 g, 0.18 mol) was slowly added to cooled Ac,0O (50 g, 0.49 mol), and the
mixture was then refluxed for 30 min. Subsequent distillation gave a fraction at 140-
210°C, which was extracted with aq K,CO, until a basic pH was detected. The crude mate-
rial was extracted with Et,0 and the ethereal layer was dried (K,CO,), filtered, and concen-
trated. The residue was distilled and the product was collected at 203-204 °C|/760 Torr;
yield: 19g (78%).

2-Methylbenzoxazole (37, R = R? = H; R®*=Me); Typical Procedure:*®

2-Aminophenol (2.5g, 22.9mmol) and methyl acetimidate hydrochloride (2.5g,
22.8 mmol) in dry MeOH (10 mL) were heated on a steam bath for 30 min. After the addi-
tion of H,O containing a small amount of Na,CO, to the semisolid sludge, the product
was extracted with Et,0 and distilled to give a colorless oil; yield: 2.38 g (78%); bp 203—
208°C.

11.13.1.1.1.2.3.5 Variation 5:
Using Carboxamides

Benzoxazoles 38 are formed upon heating of 2-aminophenols and carboxamides, with
loss of water and ammonia (Scheme 29).

for references see p 50
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20 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 29 Benzoxazoles from 2-Aminophenols and Carboxamides!36:68.103]

RL NH, ) R N
R“CONH
o, = U
OH o

38
R R2 Conditions Yield (%) mp (°C) bp (°C/Torr) Ref
H  (CHy)sMe - 71 19 281-283 (68.103]
H 4-CICH, 1.5h 76 150 - [103]
H iBu 7h 50 - 240740 (103]
H  4MeOCH, 1h 96 101 ! [103]
Cl H 170-180°C, 2h 43 37-37.5 112-114/30 (36]

By reacting 2-aminophenols 39 with Gold’s reagent {dimethyl[3-(dimethylamino)-2-aza-
prop-2-enylidene]ammonium chloride}, 2-unsubstituted benzoxazoles 40 are obtained
(Scheme 30).[104:105]

Scheme 30 Benzoxazoles from 2-Aminophenols and Gold’s Reagent!04103]

+

1.
RL MezN/\\N/\\NMez @r R!
R2 NH, 1,4-dioxane, reflux, 10 h R2 N
2. NaOAc, AcOH, reflux, 3 h \>
OH (0]
39 40
R R? Yield (%) Ref
H H 58 [105]
Me H 53 [105]
H Me 89 [10s|

Benzoxazoles 38; General Procedure:*®

Technical grade 2-aminophenol (1 equiv) and the amide (1 equiv) were refluxed for several
hours in a Claisen flask. The temperature was slowly increased, as H,O or NH, distilled
from the flask, until the refluxing temperature remained constant. The black mixture
was then distilled at atmospheric pressure. The crude product, if a liquid, was dissolved
in petroleum ether and washed with 10% NaOH soln. This treatment destroyed the char-
acteristic fluorescence noted in many of the crude benzoxazoles. The oil remaining after
removal of the petroleum ether was purified by distillation. The liquids were usually
straw colored. The solids were pulverized and washed with 10% aq NaOH and H,O before
recrystallization (dil alcohol or acetone).

Benzoxazoles 40; General Procedure:'%4

A mixture of 2-aminophenol 39 (50 mmol) and Gold’s reagent (9.9 g, 61 mmol) was re-
fluxed in dry dioxane (100 mL) for 17 h. The mixture was cooled to ambient temperature
and dry NaOAc (4.1 g, 50 mmol) in AcOH (2 mL) was added. This mixture was refluxed for
an additional 3 h. The solvent was removed under reduced pressure and the residue was
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11.13.1 Synthesis by Ring-Closure Reactions 21

dissolved in CHCI,; (100 mL). This organic layer was washed with sat. aq NaHCO; (3 x
50 mL), dried (MgSO,), and filtered, and the solvent was evaporated. The crude material
was purified by vacuum distillation.

11.13.1.1.1.2.3.6 Variation 6:
Using Nitriles

Nitriles undergo reaction with 2-aminophenols to give benzoxazoles 41 at high tempera-
tures, similar to the corresponding reaction using carboxamides (see Section
11.13.1.1.1.2.3.5).1°8] The reaction with nitriles is considerably slower since a significant
decrease in the reaction rate is observed after ~75% conversion (Scheme 31).1%! This
reaction is carried out in analogy to the protocol reported for carboxamides. By first trans-
forming the nitrile to the corresponding imidate hydrochloride, the outcome of the
reaction can be significantly improved (see also Section 11.13.1.1.1.2.3.4).1106]

Scheme 31 Benzoxazoles from 2-Aminophenols and Nitriles!6810]

|
Z OH N
PPA, reflux
RICN —~————— S—rt
26-32% o
41
OH

HCI, MeOH NH-HCI N
Et,0 MeOH, reflux
RICN T F e \>— R
RlJ\OMe ©: o

41
R Yield (%) Ref
(CH),Ts 69.5 [106]
o_ 0O
N
S Cl
\/\/ \C[ 73 [106]
Cl
o\\s,/o
\/\/ \©\ 64 [106]
Br
o_,0

/\/\S/
‘\ \@\ 91 [106]
oM

11.13.1.1.1.2.3.7 Variation 7:
Using Carbon Monoxide and Aryl Halides

2-Arylbenzoxazoles 42 are obtained via the palladium-catalyzed reaction of 2-aminophe-
nolsil or 2-fluoroanilines'%® with carbon monoxide and aryl halides. As catalyst,
dichlorobis(triphenylphosphine)palladium(Il) is used. The reaction is carried out in the

for references see p 50
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22 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

presence of 1,8-diazabicyclo[5.4.0lundec-7-ene as base in toluene at 120°C and at a carbon
monoxide pressure of 6.2 atm. Good yields are obtained when methanesulfonic acid or
4-toluenesulfonic acid are added (in toluene) to the in situ formed N-(2-hydroxyphenyl)
carboxamide to drive the cyclization to completion (Scheme 32). Water formed in the
course of the reaction is simultaneously removed by azeotropic distillation. Alternatively,
diaryliodonium salts are used in a similar transformation.['%]

Scheme 32 Palladium-Catalyzed Synthesis of Benzoxazoles!'%]

1. CO, Ar'X, PdCly(PPhs),, DBU

Rl NH, toluene, ~6.2 atm, 120 °C, 75 min Rl N
j@ 2. MsOH, toluene, reflux, 2 h @[ \>7Ar1
R2 OH R? ©
R3 R3
42
R! R2 R? Ar' X Yield (%) Ref
H 4-PhCH, | 97 (107
H 4-AcCeH, Br 86 (107
H 2-pyridyl Br 82 (107]
Me H Me Ph | 82 [107]
al H Ph | 79 107)
(CH=CH), H Ph | 91 1o7)

Benzoxazol-2(3H)-one can be obtained in the reaction of 2-aminophenol and carbon mon-
oxide in the presence of sulfur and potassium carbonate. It is believed that carbon disul-
fide is formed in situ, which then reacts with the amine functionality to give a thiocarba-
mate salt. Subsequent oxidation with molecular oxygen leads to the benzoxazol-2(3H)-
one.19

11.13.1.1.1.2.3.8 Variation 8:
Using Isocyanides

Equimolar amounts of 2-aminophenol and tert-butyl isocyanide react to give benzoxazole
(1) (54% yield) and tert-butylamine in the presence of catalytic amounts of silver(I) cyanide
at 90°C."1 ' When palladium(Il) chloride is used as catalyst and the reaction is performed
in tetrahydrofuran at 66 °C the yield is improved to 75% (Scheme 33).112
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Scheme 33 Benzoxazole from 2-Aminophenol and an Isocyanidel''"112]

NH; N
@[ t+BUNC \>
—_—

(o]

OH
1

Conditions Yield (%) Ref
AgCN, 90°C 54 [
PdCl,, THF, 66°C, 1h 75 (2]

11.13.1.1.1.24 Method 4:
Synthesis from 2-Aminophenols and Aldehydes

Upon heating 2-aminophenols (or hydrochlorides thereof) with an excess of aromatic al-
dehydes (4 equivalents) without solvent over an open flame, 2-arylbenzoxazoles 43 are
formed very quickly (2-3 min) (Scheme 34).''3] Alternatively, the reaction mixture can be
refluxed for an appropriate time.“

Scheme 34 Benzoxazoles from 2-Aminophenols and Aldehydes!''3.114]

Rl Rl

R? NHz-HCI 1 R2 N
Ar‘CHO, heat, 2-3 min \>—Ar1
RS OH R3 %
43

R R? R Ar Conditions Yield (%)  mp (°C) Ref

H H Ph open flame, 2-3min 80 102 (3

H H 4-MeOCgH, open flame, 2-3 min 83 99 [113]
@] H @] Ph reflux, 10 h 60 143-144.5  [14]
(CH=CH), CN Ph open flame, 2-3min 90 191-193 (3]

11.13.1.1.1.25  Method 5:
Synthesis from 2-Aminophenols and Alcohols

2-Aminophenol undergoes reaction with primary alcohols under catalysis by dichloro-
tris(triphenylphosphine)ruthenium(Il) to furnish 2-alkyl- and 2-arylbenzoxazoles 44 via
the corresponding imines as intermediates (Scheme 35).1*%

for references see p 50
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11.13.1.1.1.3

11.13.1.1.1.3.1

Scheme 35 Benzoxazoles from 2-Aminophenol and Primary Alcohols!'"’!

RICH,OH, RUCly(PPhs)s

NH
A 2 toluene, 215 °C, 6 h N
| =
% O

OH
44
R Yield (%) Ref
Pr 60 i)
Bn 56 (115]
Ph 80 (115]
4-Tol 62 L]

Fragments C—C and N—C—O

Method 1:
Synthesis from 1,2-Dihaloarenes and Carboxamides

Benzoxazoles 45 can be synthesized directly from 1,2-dihaloarenes and carboxamides (1.1
equivalents) under copper catalysis (Scheme 36). Under the optimized reaction condi-
tions, 1,2-dibromo-, 1,2-diiodo-, or 1-bromo-2-chlorobenzene can be transformed to the
corresponding 2-substituted benzoxazole; only 1,2-dichloroaryls do not react.['’¢13 Re-
garding the amide part, aryl, alkenyl, and alkyl amides are successfully applied in this
transformation.

M. Schnirch, J. Hdmmerle, and P. Stanetty, Section 11.13, Science of Synthesis Updates,

Scheme 36 Benzoxazoles from 1,2-Dihaloarenes and Carboxamides!''6]

5-10 mol% Cul
10-20 mol% MeHN(CH,),NHMe

R % e 2?5::11(31;}8?(\? 24h RY =
R2 | >y ' HN" TR? R27YZ
R’ R X Y Z R3 Yield (%) Ref
H H Br Br CH Ph 90 [116]
OCH,0O Br Br CH Ph 88 [116]
H H | | CH Ph 65 [116]
H H Br Cl CH Ph 95 [116]
H H Br Cl N Ph 77 [116]
H H a Br cal Ph 75 [116]
H CF; a Br CH Ph 59 [116]
H @ a Br CH Ph 72 [116]
H Br Br CH 2-FC4H, 86 (el
H Br Br CH 4-H,NCH, 67 (el
H Br Br CH 4-MeOC¢H, 72 (el
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R! R? X Y z R Yield (%) Ref
H H Br Br CH 3-pyridyl 78 (el
H H Br Br CH CH=CHPh 77 [116]
H H Br Br CH t-Bu 92 [116]
H H Br Br CH iPr 68 [116]
H H Br Br CH Pr 68 (el

2-Phenylbenzoxazole (45, R' = R?=H; Z = CH; R® = Ph); Typical Procedure:¢l
1,2-Dibromobenzene (120 pL, 1.0 mmol), BzNH, (133mg, 1.1 mmol), K,CO; (414 mg,
3.0 mmol), and Cul (10 mg, 0.05 mmol) were weighed into a vial. The vial was evacuated
and filled with argon, followed by the addition of N,N’-dimethylethylenediamine (11 pL,
0.1 mmol) and toluene (3 mL). The vial was closed and the mixture was stirred at 110°C
for 24 h. After cooling to rt, the mixture was poured into 25% aq NH,OH, the resultant
mixture was extracted with EtOAc, and the extracts were dried (Na,SO,), filtered, and con-
centrated. Chromatography (silica gel, EtOAc/hexane 1:10) gave a white powder; yield:
176 mg (90%).

11.13.1.1.1.4 Fragments C—C—N and C—O

11.13.1.1.1.41  Method 1:
Synthesis from 2-Bromoanilines and Carboxylic Acid Chlorides

An interesting alternative to the copper-catalyzed formation of benzoxazoles from 1,2-di-
haloarenes and carboxamides (see Section 11.13.1.1.1.3.1) is the copper-catalyzed reaction
of 2-bromoanilines 46 and acid chlorides (1.2 equivalents). In this case, benzoxazoles 47
are also formed in a one-pot process and the reaction is quite general (Scheme 37).'3 The
transformations are carried out within 15 minutes under microwave heating to 210°C
with 10 mol% of copper(I) iodide as the catalyst.

Scheme 37 Benzoxazoles from 2-Bromoanilines and Carboxylic Acid Chlorides!™!

Cul (0.1 equiv)
1,10-phenanthroline (0.2 equiv)

2 2 \ 3
+ o )J\R3 R
R2 Br R? o

46 47
R! R2 R Yield (%) Ref
H Me 2-MeOC¢H, 97 (13l
H Me (CH,)1oMe 96 (13l
H Me 2-thienyl 91 (13]
H Me 2-CICH, 33 [13]
H F 2-MeOC.H, 95 (3]
H F CH=CHPh 62 3]
H F 2-furyl 61 (13]

for references see p 50
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R! R2 R Yield (%) Ref
CF, H 2-MeOCeH, 85 3]
CF, H 2-thienyl 31 (3l
CF, H 2-CICH, 71 3]
OCH,0 CH=CHPh 66 (3]
OCH,0 2-furyl 70 (3l
0CH,0 2-CICH, 59 3]

2-Substituted Benzoxazoles 47; General Procedure:["’)

A reaction vial with a stirrer bar was charged with Cul (5 mg, 0.025 mmol) and Cs,CO;,
(245 mg, 0.75 mmol). Under a stream of N,, a dry stock soln of 0.10 M bromoaniline 46
and 0.02M 1,10-phenanthroline in MeCN (2.5 mL) was added, followed by a 0.12 M soln
of the acyl chloride (2.5 mL, 0.3 mmol). The vial was crimped and heated by microwave ir-
radiation to 210°C for 15 min. After cooling to rt, the mixture was diluted with MeCN
(25mlL) and filtered through a short pad of silica gel, rinsing with additional MeCN
(15 mL). A small amount of silica gel was added to the filtrate, and the mixture was con-
centrated under reduced pressure. The product was isolated by semiautomated flash
chromatography (Biotage SP-1, 12 mm X 25 cm silica gel columns, EtOAc/hexanes 1:9).

11.13.1.1.2 With Formation of One C—O Bond
11.13.1.1.2.1 Fragment C—C—N—C—0

11.13.1.1.2.1.1  Method 1:
Synthesis from N-(2-Haloaryl)carboxamides

N-(Pentafluorophenyl)benzamide (48, R' =Ph) can cyclize to 4,5,6,7-tetrafluoro-2-phenyl-
benzoxazole (49, R'=Ph) in the presence of sodium hydride in boiling dimethylform-
amide (Scheme 38).1117:118]

Scheme 38 Benzoxazoles from N-(2-Fluoroaryl)carboxamides(''7:118]

E HYO NaH, DMF, N, E N
reflux, 1-36 h
- e \>_ R
R R=Ph 92%
F F F %
F
48 49

From N-(2-chlorophenyl)- or N-(2-bromophenyl)carboxamides, 2-substituted benzoxazoles
50 can be formed. The reaction is promoted by potassium amide in liquid ammonia, with
subsequent sublimation of the reaction residue (Scheme 39).11°-121' When N-(2-chlorophe-
nyl)benzamide was used as starting material, initially only low amounts of 2-phenylben-
zoxazole (10%) were obtained. The main product, identified as N-2-hydroxyphenyl)benze-
necarboximidamide (90% yield), generated by ring opening of the benzoxazole, can be re-
cyclized via sublimation or under acidic conditions to the desired 2-phenylbenzoxa-
zole.[121]
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11.13.1 Synthesis by Ring-Closure Reactions 27

Scheme 39 Benzoxazoles from N-(2-Haloaryl)carboxamides!'20:121]

R? R?
H \léo ; Tg‘onéI,I%Egss Torr N\>_ w2

x F o

50
R R? X Yield (%)  mp (°C) Ref
H a 85 28-30 (21
Ph a 85 102-103 121
H Ph Br 72 99-101 (L2l
Me  Ph a 85 92-93 2l
H 4-MeOCH, d 75 100-103 121
H 4-Tol a 65 113-115 1121
H 3-Tol a 80 81-82 [l
H Me a 67 117-118 1121

For the synthesis of oxazolo[4,5-b|pyridines 53, N-(3-bromo-2-pyridyl)carboxamides 51 are
first treated with sodium amide/sodium teri-butoxide to give the isolable intermediate 52.
(In some cases, depending on the nature of the amide group, the intermediate is isolated
in the zwitterionic form 54.) These intermediates are cyclized by heating for 5-15 hours
in dimethylacetamide at 170°C or within minutes under microwave irradiation (Scheme
40 ‘[122]

) Scheme 40 Oxazolo[4,5-b]pyridines from N-(3-Bromo-2-pyridyl)carboxamides!'??!

H
N_ _N_ _R! N_ N __R! N N
B \n/ NaNH,, t-BuONa A Y heat z
| - | — | \> R
= le) 50-81% = NH, 55-88% e o
Br OH
51 52 53
o
| S NHs
AN
N N R
H
54

In more recent contributions it has been demonstrated that the use of strong bases can be
avoided. Instead, cyclization to benzoxazoles can be mediated via copper catalysis
(Scheme 41).1'23124 By this method, a series of 2-arylbenzoxazoles 55 can be prepared in
reasonably good yield.

for references see p 50
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28 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 41 Copper-Catalyzed Cyclization of N-(3-Halo-2-pyridyl)carboxamides!'%!

R e o
cry ==
R x © RITNT0
55

X R R? Cu Catalyst Yield (%)  Ref
a H Ph Cud 73 (123]
Br Me Ph Cu(OTf), 73 (12l
Br OCF, Ph CucCl/Cu(OTf), 49 (23]
ad H 4-FCH, cucl 75 (23]
Br Me  4-FCH, Cu(OTH), 61 (23]
Br H 2-naphthyl  Cudl 72 (23]
Br  OCF; 2-naphthyl  Cu(OTf), 57 ez
a  Me 2-thienyl Cudl 59 [T
Br H 2-thienyl Cu(QTf), 59 [123]
a  Me 3-furyl Cu(QTf), 60 28
a H 4-pyridyl Cu(QTf), 38 ez

Alternatively, the combination of iron(III) chloride and 2,2,6,6-tetramethylheptane-3,5-di-
one has also been reported as a catalyst system with dimethylformamide as solvent. Also
in this case, comparatively mild bases (e.g., Cs,CO,) can be applied.['?]

2-Substituted oxazolo[5,4-b]pyridines 56 can be obtained via cyclization of N-(2-chlo-
ro-3-pyridyl)carboxamides via treatment with polyphosphoric acid'?® or polyphosphoric
acid trimethylsilyl ester (PPSE) (Scheme 42).[72:127]

Scheme 42 Oxazolo[5,4-b]pyridines from N-(2-Chloro-3-pyridyl)carboxamides!7126.127]

PPA or PPSE

H R 1,2-dichlorobenzene, reflux N
| X \n/ or neat, 180 °C (I \>—R1
Z (0] >

N~ cl N~ O

56
R Conditions Yield (%)  mp (°C) Ref
Ph PPSE (excess), 1,2-dichlorobenzene, reflux 96 100-101 127]
2-FCeH, PPSE (excess), 1,2-dichlorobenzene, reflux 98 122-123 0127
4-MeOC¢H,  PPSE (excess), 1,2-dichlorobenzene, reflux 99 144-145 0127

4,5,6,7-Tetrafluoro-2-phenylbenzoxazole (49, R' = Ph); Typical Procedure:"”!

A soln of N-(pentafluorophenyl)benzamide (48, R'=Ph; 0.50g, 1.75 mmol) in dry DMF
(15mL) was added to a mixture of NaH (60 mg, 2.5 mmol) and dry DMF (15 mlL) over
30 min under N,. The mixture was refluxed for 2 h and then extracted with Et,0. The ethe-
real layer was washed with dil HCI and H,0, dried (MgSO,), and filtered, and the solvent
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11.13.1 Synthesis by Ring-Closure Reactions 29

was evaporated. The crude material was purified by column chromatography [alumina,
benzene (CAUTION: carcinogen)|; yield: 0.43 g (92%); mp 125.2-125.7°C (MeOH).

2-Substituted Benzoxazoles 50; General Procedure:['21l

CAUTION: Metallic potassium on prolonged exposure to air forms a coating of potassium super-
oxide, which is explosive under certain conditions.

A few small crystals of Fe(NO,); were added to liqg NH; (250 mL). Then, K (4.7 g, 0.12 mol)
was added in portions within 10 min. To the resulting gray soln was added the N-(2-halo-
phenyl)carboxamide (21.7 mmol) in small portions as fast as possible. The mixture was
stirred for 1h and then quenched by careful addition of NH,Cl (6.95g, 0.13 mol). NH,
was removed and the solid residue was extracted with MeCN (200 mL). After filtration,
MeCN was evaporated and the residue was sublimed at 150 °C/0.008 Torr.

2-Phenylbenzoxazole (55, R! = H; R?=Ph); Typical Procedure:'>?!

A flask was charged with N-(2-chlorophenyl)benzamide (81.2mg, 0.35mmol), CuCl
(3.1 mg, 0.031 mmol), TMEDA (0.18 mL, 0.31 mmol), and H,O (4.1 mL). The flask was sealed
with a screw cap and the resulting soln was heated overnight at 120°C. The product was
extracted from the aqueous layer with CH,Cl,, dried, and concentrated under reduced
pressure. The crude mixture was then purified by flash chromatography (EtOAc/hexane
1:9) to give a white solid; yield: 50.3 mg (73%).

11.13.1.1.212  Method 2:
Synthesis from N-(3-Halophenyl)carboxamides

N-(3-Halophenyl)carboxamides!'?¢$12% and N-(3-halophenyl)carbamates'* cyclize in the
presence of an excess of butyllithium or tert-butyllithium in tetrahydrofuran to 7-lithio-
benzoxazoles via the corresponding aryne intermediates. Quenching with electrophiles
leads to substituted benzoxazoles 57 and benzoxazol-2(3H)-ones 58, respectively (Scheme
43). In the reaction of N-(3-fluorophenyl)benzamide (59), lithiation is observed not only in
position 7 of the benzoxazole but also in the phenyl group.

Scheme 43 Benzoxazoles from N-(3-Halophenyl)carboxamides and -carbamates!'28-130l

Rl 1. BuLi, hexane, THF Rl
R2 H But —20t00°C,1h R2 N
2.E*, -50t0 20 °C
! N\
TV AR Y.
o
E
57
R RZ X E* E Yield (%) Ref
H F Et Et 89 [128]
H F  (MeS), SMe 56 [12g]
HO
H H F CIOCHO >—©7c| 68 [128]
K"\\
Me H d CO, CO,H 55 [129]
H d d co, CO,H 53 [129]

for references see p 50
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OMe H 1. t-BuLi, pentane, THF OMe
N OBut ~70°C, 0.5 h, then —25°C, 2 h H
\n/ 2. E*, ~78 1060 °C, 10 min N/Eo
o (0]
F E
58
E* E Yield (%) Ref
TMSC T™MS 71 [130]
(PhS), SPh 65 [130]
DMF CHO 62 [130]
H 1.BuLi, hexane, THF
N ~50t00°C, 1.5h
| N 2.CyCHO, 200 10 °C, 0.5 h N\
= (e} 50% o
= HO
59 HO Cy Cy

2-tert-Butyl-7-ethylbenzoxazole (57, R! =R? = H; E = Et); Typical Procedure:!'?¢!

A 1.6 M soln of Buli in hexane (15.6 mL, 25 mmol) was added dropwise at —20°C to a soln
of N-(3-fluorophenyl)-2,2-dimethylpropanamide (1.95 g, 10 mmol) in dry THF (50 mL). The
mixture was then warmed to 0°C within 1h. After cooling again to —50°C, EtI (1 ml,
12.5 mmol) was added. The mixture was warmed to rt, poured into H,O, and subsequently
extracted with Et,0. The organic layer was washed with H,O and brine, dried (Na,SO,),
and filtered, and the solvent was removed by evaporation. The crude material was puri-
fied by column chromatography (silica gel, hexane/Et,0 86:14) to give an oil; yield: 1.80 g
(89%).

11.13.1.1.2.2 Fragment 0—C—C—N—C

11.13.1.1.2.21  Method 1:
Synthesis from N-(2-Hydroxyphenyl)ureas

When 1-(2-hydroxyphenyljureas 60 are heated above their melting point, benzoxazol-
2(3H)-ones 61 are obtained (Scheme 44).31

Scheme 44 Benzoxazol-2(3H)-ones from 1-(2-Hydroxyphenyl)ureas!'3l

H H
N \ﬂ/ NH, N
S O
o 1 O>:
R! OH R
60 61

R Conditions Yield (%) Ref
OMe 165°C, 0.5h 55 (131]
H 160°C, 15 min 81 (131]
NO, 180°C, 1h 78 (131]
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11.13.1 Synthesis by Ring-Closure Reactions 31

11.13.1.1.222  Method 2:
Synthesis from N-(2-Hydroxyphenyl)thioureas

Good yields of benzoxazol-2-amines are obtained upon desulfurization of 1-(2-hydroxy-
phenyljthioureas with various metal oxides such as potassium superoxide (superoxide
radical anions),/'*? nickel peroxide,['*¥ or lead(Il) oxide.l*®! N-Arylbenzoxazol-2-amines 63
are synthesized by reaction of 1-aryl-3-(2-hydroxyphenyl)phenylthioureas 62 and potassi-
um superoxide in acetonitrile at 20 °C (Scheme 45). The cleaved sulfur is oxidized to potas-
sium sulfate./32

Scheme 45 Benzoxazol-2-amines from N-(2-Hydroxyphenyl)thioureas!'32]

1

Rl H \n/ NHArl KO,, MeCN, 20 °C R N\
\@ I T e \©:O>~ NHAr!
OH
RZ
62

RZ
63
R R? Ar! Time (h) Yield (%) Ref
H H 4-0,NCH, 1.5 98 (132
Me H 4-Tol 6 88 (132
Me Me Ph 3 80 (132
a H Ph 2.5 96 [132]
Me H Ph 2 92 (132]
Me H Ph 8 88 [132]
H H Ph 1 86 (132]
Me H 4-0,NCH, 3 91 (132)
a H 4-0,NCH, 7 94 (132)
a H 4-Tol 3.5 85 (132]

2 The reaction temperature was —35°C.

2-[(Methoxycarbonyl)amino]oxazolo[5,4-d]pyrimidines are prepared via dicyclohexylcar-
bodiimide assisted cyclization of 1-(methoxycarbonyl)-3-(4-oxo-1,4-dihydropyrimidin-5-
yljthioureas.[13413%

5-Methyl-N-phenylbenzoxazol-2-amine (63, R! = Me; R? = H; Ar' = Ph); Typical Procedure:'3%

CAUTION: Potassium superoxide is explosive under certain conditions, and reacts violently with
water.

A soln of 1-(2-hydroxy-5-methylphenyl)-3-phenylthiourea (62, R'=Me; R?=H; Ar!=Ph;
258 mg, 1 mmol) in MeCN (2 mL) was added at 20°C to a suspension of KO, (370 mg,
5mmol) in MeCN (1 mL). The reaction soln was vigorously stirred for 2 h at 20°C, and
then poured into cold H,0 and extracted with CHCl,. The organic layer was dried
(MgS0O,) and filtered and the solvent was evaporated. If necessary, the crude product was
purified by column chromatography; yield: 206 mg (92%); mp 204-207 °C.

for references see p 50
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11.13.1.1.2.23 Method 3:
Synthesis from N-(2-Hydroxyphenyl)carboxamides

2-Substituted benzoxazoles 64 are obtained via cyclization of N-(2-hydroxyphenyl)carbox-
amides upon thermolysis or in the melt (Scheme 46). The starting materials are heated to
200-300°C (neat, without a solvent) and the formed water is removed by distilla-
tion.['36137l Molecular sieves can be added to promote the elimination of water.[38! The
crude benzoxazole is then purified either by distillation or recrystallization.

Scheme 46 Benzoxazoles via Cyclization of N-(2-Hydroxyphenyl)carboxamides!'37-140]

R! R

R2 N\”/ R R? N
. A\
: e
OH
R3 RS
64

R R? R3 R* Conditions Yield (%) mp (°C) Ref
H H H 4-PhCgH, 220°C, 45 min 71 138-139 [139]
H H H 4-FC,H,  200°C, 4-A molecular sieves 72 101 [138]
t-Bu OAc tBu Me EtOH, reflux, 3 h or Ac,0, pyridine, 5°C,2d 84 93-95 [140]
NO, H H Me distillation, 15-20 Torr 60-80 125 [137]

As alternative dehydrating agents, polyphosphoric acid (Scheme 47),1141142 polyphos-
phate ester,!143#% or pyridinium 4-toluenesulfonatel}l can be used to give benzoxazoles,
such as 65.

Scheme 47 Polyphosphoric Acid Promoted Synthesis of Benzoxazoles from N-(2-Hydroxy-
phenyl)carboxamides('#1]

HO
H HO
| AN PPA, 150 °C, 20 min N\>_©
_— =
P o 69%
OH o
65

Milder reaction conditions have been developed in a solid-supported approach toward
2-substituted benzoxazoles. Since the aforementioned protocols cannot be applied to
solid-phase chemistry, the benzoxazole formation is carried out under Mitsunobu condi-
tions with an excess of triphenylphosphine and diethyl azodicarboxylate in tetrahydro-
furan at room temperature.['44

Various regioisomeric 2-substituted oxazolopyridines have been prepared by a simi-
lar method. The various N-(2-hydroxypyridyl)carboxamides are treated with triphen-
ylphosphine, hexachloroethane, and triethylamine in dichloromethane at room temper-
ature, which leads to the formation of oxazolopyridines in good yields (41-93%).11%%!

N-(2-Hydroxyphenyl)thiobenzamides can also cyclize in the presence of the oxida-
tion reagent potassium superoxide to give 2-arylbenzoxazoles in high yields.[14%]

At high temperature, N-(2-acyloxyphenyl)carboxamides cyclize to benzoxazoles 66
under cleavage of the corresponding carboxylic acid.®!! The temperature necessary for
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the cyclization reaction can be reduced by the addition of dehydrating reagents. A very
convenient method has been reported using 4-toluenesulfonic acid in refluxing benzene
or xylenes (Scheme 48).1147)

Scheme 48 Benzoxazoles from N-(2-Acyloxyphenyl)carboxamides!®'.147]

H\ﬂ/ R2 N

e N\ g2
lei:[O 3 R1/©:O>_R

V4
66

R R? Conditions Yield (%) Ref
H Me 210°C 84 191]
H Ph TsOH, xylenes, reflux, 7 h 88 [147]
H 4-MeOCeH, TsOH, xylenes, reflux, 3 h 96 [147]
H 4-O,NCgH, TsOH, xylenes, reflux, 72 h 85 [147]
NO, 4-MeOCgH, TsOH, xylenes, reflux, 3 h 98 [147]
H Et TsOH, benzene, reflux, 2 h 89 [147]
H t-Bu TsOH, xylenes, reflux, 3 h 74 [147]

The use of solid-supported 4-toluenesulfonic acid has been reported for this transforma-
tion under microwave irradiation.48]

2-(4-Fluorophenyl)benzoxazole (64, R! = R? = R® = H; R* = 4-FC;H,); Typical Procedure:!'>8!
4-Fluorobenzoyl chloride (1.62 g, 10.3 mmol) was added dropwise to a soln of 2-aminophe-
nol (1.12 g, 10.3 mmol) and Et;N (1.04 g, 10.3 mmol) in dry THF (200 mL) at =42 °C (dry ice/
MeCN bath) and then stirred for 6 h. The mixture was added to H,0 (500 mL), and the
product was isolated by filtration and dried under vacuum to give the intermediate
amide. The amide was heated in a sublimator at 200 °C together with 4-A molecular sieves
(4.6 g) under N, to give the title product as a light yellow crystalline solid; yield: 1.58 g
(72%); mp 101 °C.

2-(2-Hydroxyphenyl)benzoxazole (65, R* = H; R?>=2-HOC-H,); Typical Procedure:['*!

A mixture of 2-hydroxy-N-(2-hydroxyphenyl)benzamide (0.3 g, 1.3 mmol) and PPA (1 g) was
heated to 150°C for 20 min. The crude product was obtained from the resulting dark
brown melt by addition of H,0 and concomitant scratching, and was purified by recrystal-
lization (dil EtOH); yield: 0.2 g (69%); mp 125 °C.

2-(4-Methoxyphenyl)-6-nitrobenzoxazole (66, R =NO,; R>=4-MeOC.H,);

Typical Procedure:'4"]

A suspension of 2-[(4-methoxybenzoyl)Jamino]-5-nitrophenyl 4-methoxybenzoate (133 mg,
0.31 mmol) and TsOH-H,O (120 mg, 0.63 mmol) in xylenes (3.0 mL) was refluxed for 3 h.
The mixture was allowed to cool, diluted with EtOAc, and washed with sat. aqg NaHCO,
and brine. The organic layer was dried (Na,SO,) and concentrated to give a tan solid; yield:
83.7 mg (98%); mp 208-210°C.

for references see p 50
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34 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

11.13.1.1.224 Method 4:
Synthesis from 2-(Alkylidenamino)phenols

The oxidation of 2-(alkylidenamino)phenols 67 (obtained from 2-aminophenols and alde-
hydes) to give 2-substituted benzoxazoles 68 can be carried out with a wide range of dif-
ferent oxidation reagents such as 2,3-dichloro-5,6-dicyanobenzo-1,4-quinone (Scheme
49),049 dibenzoyl peroxide,l’> N-bromosuccinimide,’> N-iodosuccinimide,*>! (diacetox-
yiodo)benzene,['5215% solid-supported (diacetoxyiodo)benzene,[> oxygen/Darco KB,
manganese(Ill) acetate,/’® nickel peroxide,[>”! dichlorobis(triphenylphosphine)rutheni-
um(ID),19 silver(l) oxide,’¥ lead(IV) acetate,/’>>169 sijlica-supported pyridinium chloro-
chromate,l'®! and an iridium catalyst [{Ir(Cp*)L,},].["¢%

A very mild method for the cyclization of 2-(alkylidenamino)phenols is the reaction
with silver(I) oxide in dichloromethane. Via this method 2-aryl-, 2-(alk-1-enyl)-, and 2-al-
kylbenzoxazoles can be prepared (Scheme 49).1158

Scheme 49 Benzoxazoles by Oxidation of 2-(Arylidenamino)phenols Using 2,3-Dichloro-
5,6-dicyanobenzo-1,4-quinone or Silver(l) Oxidel149.158]

1

3
R N R R N
. \>_R3
R2 OH R2 o

67 68
R R? R? Conditions Yield (%) Ref
H H Ph DDQ, CH,Cl,, 25°C, 0.5h 93 [149]
H 3-pyridyl DDQ, CH,Cl,, 25°C, 0.5 h 74 [149]
H H 4-MeOCgH, DDQ, CH,Cl,, 25°C, 0.5 h 83 (149]
H NO, 4-CICH, DDQ, CH,Cl,, 25°C, 0.5 h 92 [149]
Me H 2-thienyl DDQ, CH,Cl,, 25°C, 0.5h 94 [149]
a H 2-furyl DDQ, CH,Cl,, 25°C, 0.5 h 81 (149]
a H 4-MeOCgH, DDQ, CH,Cl,, 25°C, 0.5 h 82 [149]
H H Ph Ag,0, CH,Cl,, rt, 2-5h 76 [158]
H H CH=CHPh Ag,0, CH,Cl,, rt, 2-5h 87 [158]
H H iPr Ag,0, CH,Cl,, rt, 2-5h 54° [158]
H H t-Bu Ag,0, CH,Cl,, rt, overnight 57° [158]
H H CMe=CHEt Ag,0, CH,Cl,, rt, overnight 412 [158]

2Yield over two steps, starting from 2-aminophenol.

The reaction of 2-aminophenols and aldehydes in the presence of an oxidizing agent un-
der microwave irradiation is very efficient. By using manganese(IV) oxide on silical'®® or
molecular iodinel'*4 as catalyst, the corresponding benzoxazoles 69 can be formed within
minutes in high yields (Scheme 50).
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11.13.1 Synthesis by Ring-Closure Reactions 35

Scheme 50 Benzoxazoles from 2-Aminophenol and Aromatic Aldehydes under Miceowave
Conditions!'64]

15 (cat.), microwave

NHZ O 3am N
min N 1
+ >— Ar
@E ArlJ\ H @o
OH

69
Ar' Time (min) Yield (%) mp (°C) Ref
Ph 3 92 102-104 1164
4-MeOCH, 4 65 103-105 (164
2-HOC.H, 3 82 119-121 [164]
4-BrCH, 3 93 156-157 (164
2-CICH, 3 85 128-129 (164
4-CICH, 3 95 147-149 [164]
4-Tol 3 71 115-116 [164]

Another method for the preparation of 2-arylbenzoxazoles uses copper nanoparticles and
potassium carbonate in methanol as solvent (Scheme 51).11%5 The products 70 are formed
at an oxygen pressure of 1 atm at 80-100 °C, usually in excellent yields.

Scheme 51 Benzoxazoles from 2-Aminophenol and Aromatic Aldehydes Using Copper
Nanoparticles!'®!

K2CO3 (2 equiv)
10 mol% Cu nanoparticles

NH; 1% 0, (1 atm), MeOH, 80100 °C N:
@ " JJ\ : ’ | @ / 3
1
OH R H fo)

70
R’ Time (h) Yield (%) Ref
Ph 3 90 [165]
4-CICH, 47 87 (1651
4-MeOCH, 36 92 (165}
4-Tol 4.5 83 (165]
4-0,NCH, 46 75 (165}
3,4,5(Me0);C.H, 15 95 (165}
(E)-CH=CHPh 249 86 [16s]
<O j©/\ 3.0 74 6
(0]
2-thienyl 48 69 [165)
2-furyl 5.0 71 (165]

for references see p 50
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36 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

2-(4-Methoxyphenyl)benzoxazole (68, R' =R? = H; R® =4-MeOC¢H,); Typical Procedure Us-
ing 2,3-Dichloro-5,6-dicyanobenzo-1,4-quinone:'4%

To a soln of 2-aminophenol (0.109g, 1.0mmol) in MeOH (5mlL) was added
4-methoxybenzaldehyde (0.136 g, 1.0 mmol). The resulting mixture was heated at 45°C
for 12h. After concentration under reduced pressure, the residue was dissolved in
CH,CI, (10mL) and DDQ (0.250g, 1.1 mmol) was then added. After stirring at rt for
30 min, the resulting mixture was diluted with additional CH,Cl, (10 mL) and washed se-
quentially with sat. Na,CO; (2 x 10 mL) and brine (10 mL). The organic layer was dried
(Na,SO,). After concentration, the residue was purified by flash column chromatography
(EtOAc/hexane 1:9); yield: 0.187 g (83%).

2-Arylbenzoxazoles 69; General Procedure:!'*4

A mixture of 2-aminophenol (109 mg, 1 mmol), aromatic aldehyde (1 mmol), and a catalyt-
ic amount of I, (127 mg, 0.5 mmol) was placed in a 20-mL Teflon flask and subjected to mi-
crowave irradiation for 3—4 min. The mixture was chromatographed (silica gel, petroleum
ether/EtOAc 4:1).

2-Arylbenzoxazoles 70; General Procedure:!%!

A 50-mL round-bottomed flask was charged with 2-aminophenol (109 mg, 1 mmol), the ar-
omatic or heteroaromatic aldehyde (1 mmol), K,CO, (0.28 g, 2 mmol), and Cu nanoparti-
cles (10 mol%; 162 nm in size), followed by MeOH (10 mL). The resulting soln was re-
fluxed at 100°C for the appropriate time. The extent of reaction was monitored by TLC.
After completion of the reaction, the mixture was diluted with distilled H,O (2 x 10 mL)
and the 2-arylbenzoxazole was extracted with EtOAc (2 x 15 mlL). The organic layer was
dried (Na,SO,) and the solvent was removed under reduced pressure. The crude product
was subjected to purification by column chromatography (silica gel, EtOAc/petroleum
ether 1:4).

11.13.1.2 By Annulation to the Heterocyclic Ring

When 4-nitro-2-phenyloxazole (71) is reacted with an excess of 2,3-dimethylbuta-1,3-di-
ene in chloroform at 110°C a mixture of 5,6-dimethyl-2-phenylbenzoxazole 73 (13%) and
5,6-dimethyl-2-phenyl-4,7-dihydrobenzoxazole 72 (71%) is obtained (Scheme 52).1'¢! The
latter can be transformed quantitatively into the former by heating with 2,3-dichloro-
5,6-dicyanobenzo-1,4-quinone in benzene.

Scheme 52  Cyclization of a 4-Nitrooxazole and a Diene To Give a Benzoxazolel'%°!

O,N N CHCl; N N
:i " \[ \>—Ph 110°C, 16 h I:[ \>—Ph + ;@[ \>—Ph
(] (0] (o]
71

72 71% 73 13%
N :DQ,zboenzene N
\ eat, 30 min A\
—ph T »—Ph
| Ie) quant le)
72 73

Besides formation of a carbocyclic 6-membered ring, oxazolopyrimidines and oxazolopyr-
idines have also been prepared. Various methods have been applied for the synthesis of
the 6-membered heterocycle. Starting from 5-aminooxazole-4-carbonitriles 74, oxazo-
lo[5,4-d]pyrimidin-7-amines 76 are prepared via reaction with ortho esters (Scheme
53).%1 An intermediate of the transformation is 5-[(ethoxymethylene)amino]oxazole-4-
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11.13.2 Synthesis by Ring Transformation 37

carbonitrile 75, which can be isolated and then further reacted with ammonia or amines
to give the corresponding oxazolo[5,4-d]pyrimidin-7-amines 76.1'°71%8 Instead of the ni-
triles, 5-aminooxazole-4-carboxamides can also be used as starting materials, and lead to
oxazolo[5,4-d]pyrimidin-7-o0ls./%!

Scheme 53 Oxazolo[5,4-d]pyrimidines from 5-Aminooxazole-4-carbonitriles(®>167.168]

2
e e NHR
N HC(OEt)3 It R2NH N7 N
/ = P4 S [ H—r
1 1

HoN O)\ R N o) R k\N o

74 75 76
R2=H, alkyl

2,5,7-Triaryloxazolo|[5,4-b]pyridines 79 are synthesized from 4-benzylidene-2-phenyloxa-
zol-5(4H)-ones 77 via reaction with pyridinium bromide 78 and ammonium acetate in gla-
cial acetic acid (Scheme 54).0170

Scheme 54 2,5,7-Triaryloxazolo[5,4-b]pyridines from 4-Benzylidene-2-phenyloxazol-
5(4H)-ones!'70

1
Ar N Arl
| -8 NH40Ac, AcOH N
N - reflux X
/( + N Br B Ph—</ |
Ph o o} Kff Ph e} NG

Ph
o]
77 78 79
Ar! Yield (%) mp (°C) Ref
Ph 50 262 (170]
2-0,NCeH, 65 230 170]
4-CICH, 70 158-159 (170)
4-MeOC¢H, 65 267 (1701
11.13.2 Synthesis by Ring Transformation
11.13.2.1 Ring Contraction of 1,4-Benzoxazines

3-Chloro-2H-1,4-benzoxazin-2-ones 80 are transformed into benzoxazole derivatives 81
by heating with alcohols, phenols, or thiols in the presence of sodium hydrogen carbon-
ate. By this method, various alkyl or phenyl benzoxazole-2-carboxylates or -thiocarboxy-
lates can be obtained (Scheme 55).171]

for references see p 50
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38 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 55 Benzoxazoles from 3-Chloro-2H-1,4-benzoxazin-2-ones!'”

RY N cl R3XH, NaHCO3 RL N o

X reflux, 17 h j@\

80 81
R R? XR3 Yield (%) mp (°C) Ref
H H SBu 64° 66-68 (71
H H OCH,C=CH 70 73-75 (7]
H H OPh 60 145-148 (71
H H OMe 87 99 L)
Ph H OMe 61 131-133 (71
H H OEt 60 101 (7]
a H OEt 74 81-82 (171
Me Me OMe 41 175 171
Me H OMe 78 96-98 (71

2 Conditions: THF, reflux, 10 h.

3-Aryl-2H-1,4-benzoxazin-2-ones can be transformed into 2-arylbenzoxazoles in the pres-
ence of potassium hydroxide in methanol.'”?!

Methyl Benzoxazole-2-carboxylate (81, R =R? =H; XR®= OMe); Typical Procedure:'7!

A mixture of 3-chloro-2H-1,4-benzoxazin-2-one (80, R'=R*=H; 54.5g, 0.3 mol), NaHCO,
(25.2 g, 0.3 mol), and MeOH (500 mL) was stirred under reflux for 17 h. The mixture was fil-
tered hot and the product that crystallized upon cooling was collected by suction filtra-
tion. The filtrate was concentrated to obtain a second product fraction; yield: 46.0g
(87%); mp 99°C (benzene).

11.13.3 Synthesis by Substituent Modification
11.13.3.1 Substitution of Existing Substituents
11.13.3.1.1 Of Hydrogen

11.13.3.1.1.1 Method 1:
Lithiation

2-Lithiobenzoxazole is obtained from benzoxazole (1) via lithiation with butyllithium at
—-110°C in diethyl ether (Scheme 56). It is believed that it exists in an equilibrium with
lithium 2-isocyanophenolate (82) since it gives 2-(trimethylstannyl)benzoxazole upon
reaction with chlorotrimethylstannane, but (2-isocyanophenoxy)trimethylsilane with
chlorotrimethylsilane.l'”?! The lithiated intermediate can also be quenched with suitable
electrophiles, such as benzaldehyde derivatives, e.g. to give benzoxazole 83.74

M. Schnirch, J. Hdmmerle, and P. Stanetty, Section 11.13, Science of Synthesis Updates,
© 2010 Georg Thieme Verlag KG


http://www.thieme.de
http://www.thieme.de
http://www.ima-server.de

11.13.3 Synthesis by Substituent Modification 39

Scheme 56 Lithiation of Benzoxazolel74173]

BulLi, hexane, Et,0

Ty e (- Cr
—_—mT ]
X0 o oLi

cl
= N\ ) Et,0, 76 °C to rt N\ Ol
[l S—ui — ———— F
0
X0 o
Cl
83

H

Benzoxazol-2-yl(2-chloro-6-fluorophenyl)methanol (83); Typical Procedure:"

To benzoxazole (1; 10g, 84 mmol) in dry Et,0 (200 mL) at =76°C under N, was added
1.55MBuli (54 mL, 84 mmol, 1equiv) in hexane, dropwise, over 15min, and the soln
was stirred for 30min at —76°C. 2-Chloro-6-fluorobenzaldehyde (14.6g, 92 mmol,
1.1 equiv) in Et,0 (100 mL) was added dropwise over 30 min. The mixture was stirred for
2 h at =76 °C. The mixture was allowed to warm to rt and stirred over 15 h. A 7.5% aq soln
of NH,Cl (250 mL) was added. The soln was extracted with Et,O (3 x 200 mL), and the ethe-
real extract was washed with brine, dried (Na,SO,), and concentrated to give a yellow
solid. The solid was recrystallized (hexane/EtOAc); yield: 12.5 g (54%); mp 146-147 °C.

11.13.3.1.1.2 Method 2:
Arylation

Benzoxazoles can be directly arylated at the 2-position via transition-metal-catalyzed C—
H activation. Several protocols have been reported using different types of aryl donors
such as aryl iodides,['74+17¢ aryl bromides,['74 aryl chlorides,/'”¥ aryl trifluoromethanesul-
fonates,['””l and aryl 4-toluenesulfonates.l'”®l Palladium!74177178 and copper!’>17¢ have
proved to be the most efficient metals for this type of transformation. Oxazolo[4,5-b|pyTi-
dine can be arylated under very mild conditions [30°C, Pd(OAc),, Ph,P, aryl halide| and
yields between 33 and 74% are obtained.['7 A very high yielding method for the arylation
of benzoxazole (1) uses simple copper(I) iodide as catalyst, lithium tert-butoxide as base,
and aryl iodides as the aryl donor (Scheme 57).17¢l Usually, yields of substituted benzoxa-
zoles 84 of >80% are obtained.

Scheme 57 Direct Arylation of Benzoxazoles at the 2-Position!7¢]

10 mol% Cul
Arl, t-BuOLi, DMF

N X = N
@ \> 140 °C, 10 min (j[ \>—Ar1
(e} O

1 84
Ar Yield (%) Ref
4-F,CCH, 91 [176)
4-FCH, 90 (7]
4-MeOCgH, 80 (76)

for references see p 50
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Ar! Yield (%) Ref
3,5-Me,CeH, 85 (176)
2-Tol 91 (176)
Mes 55 (17e]
1-naphthyl 90 (17e]
2-pyridyl 89 L7

2-Arylbenzoxazoles 84; General Procedure:!'”°!

A 1-dram vial equipped with a magnetic stirrer bar was charged with the benzoxazole
(1.0 mmol), iodoarene (3.0 equiv), and DMF (1 mL). The vial was flushed with argon, cap-
ped, and placed inside a glovebox. To this mixture was added Cul (10 mol%) and t-BuOLi
(2.0 equiv). The sealed vial was taken out of the glovebox, stirred at rt for 5min, and
placed in a preheated oil bath (140°C) for 10 min. The mixture was allowed to cool to rt
and diluted with EtOAc (50 mL). The resulting soln was washed with brine (3 x 15 mlL),
dried (MgSO,), and concentrated under reduced pressure to a volume of about 2 mL. The
mixture containing the product was subjected to flash chromatography (silica gel, hex-
anes followed by an appropriate solvent). After concentrating the fractions containing
the product, the residue was dried under reduced pressure.

11.13.3.1.1.3 Method 3:
Halogenation

The chlorination and bromination of benzoxazol-2(3H)-ones 85,0179 2-(methylsulfa-
nyl)benzoxazoles,*? and benzoxazol-2-amines 86/*% proceed at the 6-position. Halogena-
tions are carried out with chlorine in chloroform,?® sulfuryl chloride in acetic acid, 17!
or bromine in chloroform (Scheme 58).132:3¢

Scheme 58 Halogenation of Benzoxazol-2(3H)-ones and Benzoxazol-2-amines[30:36.179]

RY N RL N
o — 0
L~ -
85

R X Conditions Yield (%) mp (°C) Ref
a Cl,, CHCl5, 10-15°C, 1-2h 60-80 195-196 1361
a SO,Cl,, AcOH, 20°C, 12 h 81 194-195 1301
a a S0,Cl,, AcOH, 20°C, 12 h, then 90°C, 1h quant 202-203 [179]
a Br Br,, CHCl;, 10-15°C, 1-2h 60-80 204-205 1361
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11.13.3 Synthesis by Substituent Modification a

RL N RY N
: X3, CHCI :
o X o

86
R! X Yield (%) Ref
H al 60-80 6]
al Br 60-80 6]

11.13.3.1.14 Method 4:
Sulfanylation

The copper-catalyzed direct sulfanylation of benzoxazoles 87 at the 2-position using dia-
ryl disulfides or arenethiols to give 2-(arylsulfanyl)benzoxazoles 88 has been reported
(Scheme 59).[1801

Scheme 59 Copper-Catalyzed Sulfanylation of Benzoxazoles!'#!

A: (Ar'S),, Cul, bipy, Cs,CO3
DMF, O,, 80 °C, 2 h
1

RL N B: ArlSH, CuBr,, bipy, Cs,CO3 R N
DMF, O,, 80 °C, 2 h
o 2 Ly
(o] (o]

87 88

R Ar'! Method Yield (%) Ref

4-MeOCH, A 71 [180)

2-MeOC,H, A 34 [180)
H Ph A 81 [180]
Me Ph A 49 [180]
H 4-Tol A 64 150}
H Ph B 72 [180]
H 4-Tol B 62 [180]
H 4-CICH, B 38 [180)

2-(Phenylsulfanyl)benzoxazole (88, R! = H; Ar' = Ph), Typical Procedure:['?%

Under O, (balloon), (PhS), (55mg, 0.25 mmol), Cul (9.5mg, 0.05mmol), bipy (7.8 mg,
0.05 mmol), and Cs,CO, (326 mg, 1.0 mmol) were placed in a Schlenk tube containing a
stirrer bar, and a soln of benzoxazole 87 (R!=H; 71.5 mg, 0.6 mmol) in DMF (3.0 mL) was
then added. The resulting mixture was heated at 80°C for 2 h. H,O (20 mL) was added,
and the mixture was then extracted with EtOAc (3 x 10 mL). The combined organic phases
were washed with brine, dried (MgSO,), and filtered. GC/MS analysis of the soln showed
the presence of the title product; the yield was determined using biphenyl as an internal
standard. Evaporation of the solvent left a residue, which was subjected to preparative
TLC (silica gel, hexane/EtOAc 8:1); yield: 81%.

for references see p 50
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42 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

11.13.3.1.15 Method 5:
Nitration

Nitration of various benzoxazole derivatives takes place preferentially at the
6-position,'8! such as in the preparation of 6-nitro-2-phenylbenzoxazole (89) (Scheme
60).'5% Hydrolysis was reported during the nitration of benzoxazole but the obtained ni-
troformanilides can be recyclized.!!

Scheme 60 Nitration of 2-Phenylbenzoxazolel'°!

I 22

P S e P
83%

o O,N o

89

6-Nitro-2-phenylbenzoxazole (89); Typical Procedure:['>"

2-Phenylbenzoxazole (6.0 g, 30.7 mmol) was added slowly (10 min) to HNO, (45 mL, d 1.5)
and the mixture was set aside for 30 min at rt. The nitration mixture was poured into
H,0 (150 mL), and the pale yellow precipitate was collected by filtration. Crystallization
(AcOH) gave yellow needles; yield: 6.1 g (83%); mp 178-180°C.

11.13.3.1.1.6 Method 6:
Amination

Benzoxazol-2-amine (90) is obtained in low yield upon heating of benzoxazole (1) with
hydroxylamine hydrochloride in sodium hydroxide solution (Scheme 61).11%!

Scheme 61 Amination of Benzoxazole at the 2-Position[%3]
HoNOH-HCI, 1 M NaOH

N N
90°C,3h 7
N e S—NH
@i O> 31% (j[ o %
90

1

11.13.3.1.2 Of Metals

11.13.3.1.2.1 Method 1:
Cross-Coupling Reactions

Benzoxazoles have only been rarely applied to transition-metal-catalyzed cross-coupling
reactions. Examples for Negishi, Liebeskind-Srogl, and Stille cross couplings are shown
in Scheme 62.

M. Schnirch, J. Hdmmerle, and P. Stanetty, Section 11.13, Science of Synthesis Updates,
© 2010 Georg Thieme Verlag KG


http://www.thieme.de
http://www.thieme.de
http://www.ima-server.de

11.13.3 Synthesis by Substituent Modification 43

Scheme 62 Cross-Coupling Reactions of Benzoxazoles!4!182-185]

R? R?
N N
S—x A S—art
O O
R? R?
R R? X Ar Y Conditions Yield Ref
(%)
Zncl 1-naphthyl oTf PdCl,(PPh;),, THF, reflux, 2 h 78 182]
Zndl 3-MsCeH, Br Pd(PPh,),, THF 67 183]
SCH,CONH, 2,5-(MeO),CeH;  B(OH), Pd,(dba),, TFP, CuTC,? THF, 74 [184]
50°C, 18h
H H  SnBu, Ph Br PdCL,(PPhs),, xylene, 120°C 75 [185)
X OMe
CO,Me Me SMe | SnMe;  Pd(PPh;),, CuBr, THF, reflux, 83 141
=
¥ ,t‘f 1.5h

2 TFP = tri-2-furylphosphine; CuTC = copper(l) thiophene-2-carboxylate.

11.13.3.13 Of Halogen

11.13.3.1.3.1 Method 1:
Cyanation of 2-Chlorobenzoxazoles

2-Chlorobenzoxazoles 91 react generally with nucleophiles to give 2-substituted benzoxa-
zoles. With sodium cyanide in dimethyl sulfoxidel'®® or with potassium cyanide in
dimethylformamidel'”! the corresponding benzoxazole-2-carbonitriles 92 are obtained
in better yields at room temperature than at elevated temperatures (Scheme 63).[187]

Scheme 63 Cyanation of 2-Chlorobenzoxazoles!'7'.186]

1

R* N R N
e — ST
o o

91 92
R Conditions Yield (%)  mp (°C) Ref
H NaCN, DMSO, iPrOH 58 102-104 [186]
Me NaCN, DMSO, iPrOH 68 75-77 (186]
a NaCN, DMSO, iPrOH 50 94-96 (186]
H KCN, DMF, 10°C, 4h 63 -2 (171]

2 mp not reported.

for references see p 50
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Benzoxazole-2-carbonitriles 92; General Procedure:[186l

‘CAUTION: Cyanide salts can be absorbed through the skin and are extremely toxic.

To a suspension of powdered and dry NaCN (7.8 g, 0.16 mol) in DMSO (180 mL) and iPrOH
(20 mL), 2-chlorobenzoxazoles (0.13 mol) were added dropwise while cooling (18-20°C)
and stirring (solids were dissolved in DMF). An intense blue-purple color was observed,
which immediately became dark brown. After 3h of stirring at 18-20°C, the mixture
was poured into ice water and extracted with benzene (CAUTION: carcinogen). The ben-
zene layer was concentrated to about 50 mL and then chromatographed. The product
was finally recrystallized (MeOH/H,0).

11.13.3.1.3.2 Method 2:
Fluorination of 2-Chlorobenzoxazoles

2-Fluorobenzoxazole is prepared from 2-chlorobenzoxazole via reaction with dry potassi-
um fluoride in the presence of 18-crown-6 under dry conditions at 110-120°C. Due to its
high reactivity, the compound is best stored as a solution in petroleum ether at =10 °C.[88]

11.13.3.1.33 Method 3:
Alkoxy- or Aryloxylation of 2-Halobenzoxazoles

2-Chlorobenzoxazoles 93 react with sodium alkoxides or phenolates to give the corre-
sponding 2-alkoxy-*¢189 or 2-(aryloxy)benzoxazoles 94 (Scheme 64).1°%191 In the course
of a total synthesis, a 2-(aryloxy)benzoxazole has been obtained by reaction with a phenol
in the presence of potassium carbonate in acetone or acetonitrile.'®? A series of 2-alkoxy-
benzoxazoles have been synthesized starting from 2-fluorobenzoxazole.'%¢!

Scheme 64 Alkoxy- and Aryloxylation of 2-Chlorobenzoxazoles36:18%.191

R N R N
= NaOR?, R20H, K,CO3 Z
| S—ci —_— \KI S—0R?

93 94
R" R? Conditions Yield mp (°C) or bp Ref
(%) (°C/Torr)

H  CH,CH=CH, H,C=CHCH,ONa, H,C=CHCH,OH, 80 71-72/0.5-0.6 (189)
0-20°C, 10h
Na, toluene, reflux, 70 h

{1 O
H " Na, toluene, reflux, 70 h 31 237-238 (191
ad Me Na, MeOH, cold 96 80.5-81.5 136]

11.13.3.1.34 Method 4:
Amination of 2-Chlorobenzoxazoles

2-Hydrazino- or 2-aminobenzoxazoles can be prepared from 2-chlorobenzoxazoles by
reaction with hydrazine hydrate, ammonia, or amines.*®l Benzoxazol-2-amine is either
obtained via reaction with concentrated ammonial'*®l or with ammonia in methanol. N-Al-
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11.13.3 Synthesis by Substituent Modification 45

kyl- and N-arylbenzoxazol-2-amines 95 can be formed in a solvent-free reaction of 2-chlor-
obenzoxazoles and amines.['*>1%4 Alternatively, the reaction is carried out in aqueous so-
lution,1%>1%¢l refluxing benzene or toluene,'*”-1%8 1,1,2,2-tetrachloroethane,'* or acetoni-
trile/triethylamine (Scheme 65).° Dimethylformamide is not suitable since N,N-dime-
thylbenzoxazol-2-amine is formed after prolonged heating.20%

Scheme 65 Amination of 2-Chlorobenzoxazoles!4>193-195.197]

R N RL N R3
N\ RNHR* N ’
Yo -

(o) (o) R*

R? R2
95
R R? R3 R* Conditions Yield (%) Ref
a H H CH,C=CH Et;N, MeCN, reflux, 4 h 63 45]
t-Bu cl H H NH,OH, rt, 1h 85 (193]
t-Bu cl H Bn 120°C, 15 min 90 [193]
H H 2-naphthyl 130-140°C, 4 h 62 [194]
a H Me H,O,rt, 1h 62 [195]
H H Et Et benzene, 24 h, reflux 83 1971

11.13.3.1.4 Of Oxygen

11.13.3.1.4.1 Method 1:
Thionation of Benzoxazol-2(3H)-ones

Benzoxazol-2(3H)-ones are transformed by Lawesson’s reagent in refluxing xylene into
benzoxazole-2(3H)-thiones (70-90% yield).l2°!

11.13.3.1.5 Of Sulfur

11.13.3.1.5.1 Method 1:
Chlorination of Benzoxazole-2(3H)-thiones

2-Chlorobenzoxazoles 97 are often prepared via chlorination of benzoxazole-2(3H)-thio-
nes 96. Gaseous chlorine is bubbled through a chloroform solution of the substrate.[187:19]
Alternatively, the transformation can be carried out using phosphorus pentachloride at
130-170°Cl1%3:202] or in refluxing benzene, with phosgene in chloroform/dimethylform-
amide," with phosphorus pentachloride/phosphoryl chloride,*’ or thionyl chloride/
dimethylformamide (Scheme 66).1°

for references see p 50
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46 Science of Synthesis 11.13 Benzoxazoles and Other Annulated Oxazoles

Scheme 66 2-Chlorobenzoxazoles from Benzoxazole-2(3H)-thiones!4>19%

Rl N Rl N
O — O
o o
96

97
R Conditions Yield (%)  Ref
a Cly, CHCl5, 10-20°C 82 [195]
Ms SOCl,, DMF, 65-70°C, 30 min 100 431
OMe  SOCl,, DMF, 65-70°C, 30 min 97 45
Me  PCl, POCI, 74 1451

2,5-Dichlorobenzoxazole (97, R! = Cl); Typical Procedure:'*!

A suspension of 5-chlorobenzoxazole-2(3H)-thione (96, R'=Cl; 100g, 0.54 mol) in dry,
EtOH-free CHCI,; (800 mL) was saturated with dry Cl, (passed through concd H,SO,) at
10-20°C. The soln was then poured into ice water (4 L). The organic phase was removed
and washed with 2% NaOH soln and H,0, dried (CaCl,), and filtered, and the product was
isolated by distillation; yield: 84.3 g (82%); bp 130-133°C/25 Torr; mp 44-46 °C.

11.13.3.1.5.2 Method 2:
Alkoxylation of Benzoxazole-2(3H)-thiones

For the synthesis of 2-alkoxybenzoxazoles 98, alcohols are added slowly to a reaction mix-
ture of benzoxazole-2(3H)-thione, sodium hydride, and iodomethane in tetrahydrofuran
at room temperature (Scheme 67).12%%)

Scheme 67 2-Alkoxybenzoxazoles from Benzoxazole-2(3H)-thione via S-Alkylation(2%3!

1. Mel, NaH, THF, 20°C, 2 h

H
N 1 @ N
2.R'OH, 20°C, 2-65 h
Q- Lo
o} O

98
R Time (h)  Yield (%) mp(°C)orbp (°C/Torr) Ref
iPr 15 74 122-127/6.75 1203]
t-Bu 65 63 107-109/9.75 [203]
CHMePh 15 76 130-140/2.25 1203]
CHPh, 37 63 104-106°C 1203]

2-Alkoxybenzoxazoles 98; General Procedure:%!

‘CAU’I‘ION: Inhalation, ingestion, or skin absorption of iodomethane can be fatal.

To a cooled soln of benzoxazole-2(3H)-thione (1.51 g, 10 mmol) and MelI (2.84 g, 20 mmol)
in THF (100 mL), 50% NaH in mineral oil (0.96 g, 20 mmol) was added. The suspension
was stirred for 2 h at 20°C and then the alcohol (10 mmol) was added slowly; the mixture
was stirred at 20 °C for 2-65 h. The mixture was then poured into ice water and extracted
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11.13.3 Synthesis by Substituent Modification a7

with EtOAc, the organic layer was washed with H,O and dried, and the solvent was evapo-
rated. The crude product was purified either via distillation or recrystallization.

11.13.3.1.5.3 Method 3:
Amination of Benzoxazole-2(3H)-thiones

Benzoxazol-2-amines 100 can be readily prepared from benzoxazole-2(3H)-thiones 99 by
heating with amines either neat (€95% yield),?*4 in xylene (<80%),(*¢2°4 or in 1,2-dichloro-
benzene (<70%).'°*1 In a modified procedure, benzoxazole-2(3H)-thiones 99 are reacted
with oxalyl chloride in dimethylformamide and the obtained 2-chloro intermediates
lead to N-substituted benzoxazol-2-amines 100 upon reaction with various amines./2%!
Similarly, the transformation can be achieved starting from the 2-(methylsulfanyl) prod-
uct 101 (Scheme 68).136:1%]

Scheme 68 Amination of Benzoxazole-2(3H)-thiones and 2-(Methylsulfanyl)benzoxazoles[36:193.204.205]
RL i
F -y
R2 o
99 Rl y
RNHR* KI N F
| RONHR® S—n
R2 o RS

Rl N 100
o o
R2? (0]
101

Starting Material R' RZ R* R* Conditions Yield (%) Ref

99 H Me H,0, 100-110°C, 8 h 50 204]

929 H H (CH,),Ph xylene, reflux,3.5h 70 [204]

101 a H (CH,)s reflux, 22 h 92 (6]

101 cl H Bn xylene, reflux, 6 h 65 (36]

929 NO, H Bn 1,2-dichlorobenzene, reflux, 2.5 h 70 (193]

929 H Ccl H Bn 1. oxalyl chloride, DMF, CH,Cl,, rt, Th 76 [205]
2. Et;N, R’NHR4, rt, 1h

99 H Cl (CH,),0(CH,), 1. oxalyl chloride, DMF, CH,Cl,, rt, Th 88 [20]
2. EtN, R®NHR?, rt, 1h

11.13.322 Addition Reactions

11.13.3.2.1 Method 1:

Synthesis of 3-Alkylbenzoxazolium Salts

2-Alkylbenzoxazoles 102 are converted into the corresponding 2,3-dialkylbenzoxazolium
salts 103 by alkylation reagents such as iodomethane,®? trialkyloxonium tetrafluorobo-
rates, 206207 dialkyl sulfates,’®?l methyl 4-toluenesulfonate,®® or methyl vinyl ketone.¢¢!
2-(Methylsulfanyl)benzoxazole can also be alkylated by this method (Scheme 69).1206:208]
2-Pyridylbenzoxazoles on the other hand are alkylated at the pyridine nitrogen.2%’l

for references see p 50
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Scheme 69 N-Alkylation of Benzoxazoles!6%:66.92:208]

RS
RY N R N*
Ikylating reagent =
\>_R2 a—> | \>_R2 X~
\©:o X o
102 103
R" R? R3 X Conditions Yield (%) mp (°C) Ref
Me Me | Mel, 100°C, 8 h 89 196-198 192
(CH,);,Me  Me OTs MeOTs, 130°C, 1h 90 112 (65]
SMe Me OTs 1. MeQTs, 140-150°C, 30 min 60° 241-243  [208]
2. H,NNHCHO, EtOH, reflux
Ph  BneHBr (CH,),Ac Br  H,C=CHAc, MeCN, 20°C, 40 min 40 106-108 1661
3R2=NHNH, in product.
11.13.3.3 Modification of Substituents
11.13.3.3.1 Method 1:

S-Alkylation of Benzoxazole-2(3H)-thiones

The alkylation or arylation of benzoxazole-2(3H)-thiones with alkyl or activated aryl hal-
ides, dimethyl sulfate,*447 or diazomethanel”?*%! takes place preferentially at the S-
atom (Scheme 70). In most cases, benzoxazole-2(3H)-thiones are reacted with alkyl hal-
idesl41-43.48.94.210-213] or reactive aryl halides?'42'! in the presence of a base. In contrast, acy-
lations occur at the ring nitrogen.”-4¢l

Scheme 70 S-Alkylation of Benzoxazole-2(3H)-thionel2''-213]

H

N RX, base
>: S —

(0]

N
@: H—srt
o

R! X  Base Conditions Yield (%)  Ref
EG;N (2 equiv) CH,CT,, 45°C, 30 min
OMe
OMe
Br  EtN (2 equiv) CH,Cl,, 45°C,30min  96° (213]
"! OMe
Bn c  Et;N (2 equiv) CH,Cl,, 45°C, 2 h 70° (213]
(CH,)gM Br  Et,N (2 equiv) CH,Cl,, 45°C, 16 h 83 213]
Oy Br EGN(0.66equiv) DMF, 80°C, 22h 45 (213]
CH,Cl Br  KOH TEBAB (cat.) 80 211]
DMF, rt, 2 h
HO\/
Br  K2CO3 DMF, rt, 2 h 44b 1212]

/~

?Yield of crude product.
®Yield over two steps, starting from 2-(2-hydroxyethyl)benzyl alcohol.
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11.13.3 Synthesis by Substituent Modification 49

11.13.3.322 Method 2:
N-Alkylation of Benzoxazol-2-amines

Alkylation reagents (e.g., Mel, 3219216l Me,SO,, 217 alkyl halides?'®)) react with benzoxazol-
2-amines at the ring nitrogen when no base is added. In the presence of potassium carbon-
ate in dimethylformamide at 20 °C, alkylation takes place at the exocyclic nitrogen, e.g. to
give N,N-dialkyl-5-chlorobenzoxazol-2-amines 104 (yields ~90%) (Scheme 71).1218]

Scheme 71  N-Alkylation of Benzoxazol-2-amines[2'8]

Cl N Cl N R2
R2X, K,CO3, DMF, 20 °C = ;
H—NHR [ D=

o) X (0] R

for references see p 50
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