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Abstract A novel procedure for the direct synthesis of 2,5-diarylox-
azoles starting from N-H ketoaziridines is described. The method pro-
ceeds via the in situ formation of N-bromoketoaziridines in the pres-
ence of N-bromosuccinimide followed by the generation of
intermediate azomethine ylides. A plausible mechanism for this trans-
formation is proposed.
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Owing to the electronegativity of the nitrogen atom and
the strain present in the three-membered ring, aziridines
exhibit intriguing and diverse reactivity, and thus have be-
come interesting and versatile synthons in organic synthe-
sis.! The aziridine ring can undergo C-N/C-C bond cleavage
serving as a useful three-atom synthon with extensive ap-
plications in organic chemistry.? In particular, ketoaziri-
dines are known to undergo ring opening via C-C bond
cleavage to give azomethine ylides, which are useful reac-
tive species for a wide range of synthetic applications.?
Convincing support for the generation of azomethine ylide
intermediates in the ring opening of ketoaziridines has
been derived through trapping studies with dipolaro-
philes.3" It is also well known that an N-chloro-substitut-
ed aziridine ring undergoes concerted C-C bond cleavage
(to give an azomethine ylide),%-f or N-Cl bond cleavage (to
form an azirine ring) (Scheme 1).4h

Recently, we have applied azomethine ylides generated
from ketoaziridines for the synthesis of oxazoles (Scheme 2,
reaction II).>* However, there are several other procedures
available for the synthesis of oxazoles.”®" Heating N-acyl-,
N-phthalimido- or N-dicyclohexylcarbodiimido-ketoaziri-
dines in the absence of dipolarophiles leads to oxazoles, via
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Scheme 1 Examples of C-C and N-Cl bond cleavage in N-chloro-sub-
stituted aziridines

a process which may be attributed to a 1,5-electrocycliza-
tion of the azomethine ylide accompanied by loss of the N-
substituent group (Scheme 2, reactions I-1II).>-"
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Scheme 2 Synthesis of oxazoles from N-H or N-R ketoaziridines

Despite there being a few examples of the application of
N-substituted aziridines for the synthesis of oxazoles in low
yields,> no method for the direct synthesis of oxazoles from
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N-H aziridines has been reported so far, apart from the case
in which we described the activation of ketoaziridines in
the presence of N,N'-dicyclohexylcarbodiimide (DCC) and
iodine to give the corresponding 2,5-diaryloxazoles via C-C
bond cleavage of the aziridine ring.>® In continuation of our
recent interest in the ring expansion and ring opening of
ketoaziridines via C-N or C-C bond cleavage,>*% and in-
spired by research describing the conversion of N-chloro-
aziridines into azomethine ylides, herein we report the syn-
thesis of oxazoles via C-C bond cleavage of aziridine rings
using N-bromosuccinimide (NBS). A literature survey indi-
cated that this would represent the first example of using a
halogenating reagent for the direct formation of oxazoles
from ketoaziridines.

We initially assumed that ketoaziridines in the presence
of a brominating or chlorinating reagent, in analogy to pre-
vious work,*¢" would give N-chloro- or N-bromo-ketoaziri-
dines, which would then form a 2H-azirine ring. However,
our results showed that chlorination or bromination of the
aziridine under thermal conditions afforded the corre-
sponding oxazole via regioselective C-C bond cleavage.

In our initial experiment, trans-2-aroyl-3-arylaziridines
(1) were prepared via bromination of the corresponding
o,B-unsaturated carbonyl compounds, followed by reaction
with methanolic ammonia solution at room tempera-
ture.’2P Of course, there are several other methods available
for the preparation of ketoaziridines.”<#

Next, the reaction of a mixture of ketoaziridine 1a and
calcium hypochlorite [Ca(OCl),], as a chlorination reagent,
in chloroform at reflux temperature was monitored by TLC
analysis (Table 1, entry 1). The crude product was purified
by column chromatography (silica gel, EtOAc-hexane, 1:4)
to provide 2,5-diphenyloxazole (3a) in 26% yield. Surpris-
ingly, none of the corresponding N-chloro-substituted aziri-
dine was obtained.

The effects of different solvents, including tetrahydrofu-
ran, acetonitrile, acetone, ethylene glycol, tert-butanol and
1,4-dioxane, on the reaction of 2-benzoyl-3-phenylaziri-
dine (1a) with calcium hypochlorite under refluxing condi-
tions were unsatisfactory with yields of 8-29% being ob-
tained (Table 1, entries 2-7). The effect of the amount of the
catalyst was also investigated: changing the ratio of aziri-
dine to calcium hypochlorite from 1:1 to 1:3 gave low to
moderate yields (29-57%) of the desired oxazole 3a (Table
1, entries 7-9).

In the presence of triethylamine (Et;N), the reaction
gave a low 25% yield of product 3a and chalcone (38%) as a
by-product (Table 1, entry 10). The use of a mixture of
calcium hypochlorite and N-bromosuccinimide
(1a/Ca(0Cl),/NBS = 1:3:3) proved successful giving a sig-
nificantly increased 86% yield of oxazole 3a (Table 1, entry
11). The best result (93% yield) was obtained in the pres-
ence of N-bromosuccinimide at reflux temperature in 1,4-
dioxane (Table 1, entry 12).

Table 1 Optimization of the Reaction of Aziridine 1a with Chlorinating
and Brominating Reagents

H (I)I or Br Ph
, conditions N >§‘
PR AYO > Ph“w%;o + OYN
1a " 2a o Ph 3a
Entry  Conditions? Time (h)  Yield (%)9
3a 2a
1 CHCl;, Ca(0Cl), 5 26 0
2 THF, Ca(0cl), 5 22 0
3 MeCN, Ca(0Cl), 5 24 0
4 acetone, Ca(0Cl), 5 19 0
5 HOCH,CH,OH, Ca(0Cl), 5 8 0
6 t-BuOH, Ca(0Cl), 3 26 0
7 1,4-dioxane, Ca(0OCl), 4 29 0
8 1,4-dioxane, Ca(0Cl),? 4 35 0
9 1,4-dioxane, Ca(OCl),¢ 4 57 14
10 1,4-dioxane, Ca(OCl),/Et;N? 4 25 0
11 1,4-dioxane, Ca(OCl),/NBS® 4 86 0
12 1,4-dioxane, NBS 1 93 0
13 1,4-dioxane, NBSf 1 0 81
14 1,4-dioxane, NBS, Et;Nf 3 0 0
15 1,4-dioxane, Ca(OCl),f 3 0 0
16 1,4-dioxane 7 0 0

2 Reactions were typically performed at the solvent reflux temperature us-
ing a 1:1 ratio of aziridine/halogenating reagent.

b A 1:2 ratio of aziridine/Ca(OCl), was employed.

¢ A 1:3 ratio of aziridine/Ca(OCl), was employed.

9 A 1:3:3 ratio of aziridine/Ca(OCl),/Et;N was employed; chalcone (38%)
was obtained as a by-product.

¢ A 1:3:3 ratio of aziridine/Ca(OCl),/NBS was employed.

fThe reaction was performed at 15 °C.

9Yield of isolated product(s).

Our investigations also showed that the use of thermal
conditions were critical for the reaction to proceed via C-C
bond cleavage of the aziridine ring (Table 1, entries 13 and
14). A mixture of 1a and N-bromosuccinimide in 1,4-diox-
ane at 15 °C gave only N-bromoketoaziridine 2a in a good
81% yield (Table 1, entry 13), while the reactions of aziri-
dine 1a with N-bromosuccinimide/triethylamine (Table 1,
entry 14) or calcium hypochlorite at 15 °C (Table 1, entry
15) gave neither of the possible products. In the absence of
N-bromosuccinimide, substrate 1a did no undergo the de-
sired transformation even after heating at reflux tempera-
ture for seven hours (Table 1, entry 16).

Having optimized the reaction conditions, we next in-
vestigated the scope of this novel methodology. Several 2-
aroyl-3-arylaziridines (1a-g) were transformed into the
corresponding 2,5-diaryloxazoles (3a-k) using N-bromo-
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succinimide in 1,4-dioxane at reflux temperature (Table 2).
All the products were characterized by 'H, '*C NMR and IR
spectroscopy.

Table 2 Synthesis of 2,5-Diaryloxazoles from 2-Aroyl-3-arylaziridines
in the Presence of N-Bromosuccinimide®

3 I|3r Arl
. NBS N \ro ,
ATt %;O 1,4-dioxane Arwwo 4» Nl\/>_Ar
; Ar? re1f|;:x , A2 \
Product  Ar’ Ar? Yield (%) Mp (°C)
3a Ph Ph 93 71-725b
3b 2-CICH, Ph 88 78-80
3¢ Ph 3-0NCH, 86 145-147
3d 2,4-CLCeH, Ph 94 91-925
3e 4-CICH, Ph 86 100-102
3f Ph 4-BrCeH, 84 93-95%b
3g 4-CICGH, 4-CICH, 92 205-207
3h 3-MeOGCgH, Ph 75 81-83
3i Ph 4-MeOCH, 78 117-119%b
3 3-CICeH, Ph 89 98-100
3k Ph 4-CIC(H, 81 78-80
3l 4-0,NCH, 4-CICH, 0 -
3m 3-0,NCH, Ph 0 -

3 Reactions were performed at reflux temperature in 1,4-dioxane for 1 h.
b A 1:1 ratio of aziridine/NBS was employed.
¢Yield of isolated product.

A plausible mechanism for the transformation of N-H
ketoaziridines into the corresponding oxazoles is proposed
(Scheme 3). In the presence of N-bromosuccinimide, the N-
H ketoaziridine affords the corresponding N-bromo-substi-
tuted ketoaziridine, which gives an azomethine ylide via C-
C bond cleavage under thermal conditions. The bromide is
assumed to act as an activating group similar to acyl, alkyl,
phthalimido or dicyclohexylcarbodiimido (Scheme 2, reac-
tions I-1II) leading to ring-cleavage of the aziridine to give
the ylide. In addition, aziridines bearing an electron-with-
drawing carbonyl group, which stabilizes the carbanionic
center, and an electron-donating aryl group, which stabiliz-
es the benzylic cationic center in azomethine ylide A,
seemed to favor formation of the ylide. The reaction pro-
ceeds via ring closure of the ylide to give cyclized interme-
diate B, followed by thermal elimination of hydrogen bro-
mide to complete the formation of the oxazole (Scheme 3).

It is evident that the reaction of N-bromosuccinimide
with aziridines bearing a nitro group at the Ar! position for
synthesis of oxazoles 31 and 3m (Table 2) was unsatisfacto-
ry, owing to the formation of an unstable intermediate A.

Br Br
H
I \ Br,
N N D) . N
Ar“"%o A o Artg " /Qos\ o3
A r \\O/ Ar! o) Ar
Ar 2
Ar
1 2 A B

Scheme 3 A plausible reaction mechanism

Additional convincing support for the proposed mecha-
nism is that at low temperature, the reaction with N-bro-
mosuccinimide produced the N-bromoketoaziridine from
the starting N-H ketoaziridine (Table 1, entry 13). In a sepa-
rate experiment, N-bromo-2-benzoyl-3-phenylaziridine
(2a), under thermal conditions in 1,4-dioxane, gave 2,5-di-
phenyloxazole (3a) in a high 95% yield (Scheme 4), while
the thermal reaction of 1a without N-bromosuccinimide
did not give any trace of oxazole 3a (Table 1, entry 16).

I|3r
N 1,4-dioxane PhYO
Ph\\\“#o reflux N|\/>7Ph
2a PN 3a

Scheme 4 Conversion of N-bromoketoaziridine 2a into 2,5-diphenyl-
oxazole (3a)

This result shows that the presence of the bromine
group on the nitrogen of the aziridine ring is crucial for the
thermal C-C bond cleavage of the ketoaziridine ring. It is as-
sumed that the bromine on the nitrogen atom has a stabi-
lizing effect on the formation of azomethine ylide A
(Scheme 3).

Encouraged by the results obtained via this transforma-
tion, it was felt necessary to investigate the effect of N-bro-
mosuccinimide on the thermal transformation of N-substi-
tuted 2-phenyl-3-benzoylaziridine 4a, which was prepared
via the Gabriel procedure.”® Qur results showed that the
reaction of compound 4a in 1,4-dioxane at reflux tempera-
ture in the presence of N-bromosuccinimide for 30 minutes
gave 2,5-diphenyloxazole (3a) in high yield (87%), while the
same reaction in the absence of N-bromosuccinimide for 10
hours afforded only a 17% yield of 2,5-diphenyloxazole (3a).
This suggests that N-bromosuccinimide functions as an ac-
tivating group enabling exclusive C-C bond scission to give
the desired product in good yield. A striking feature of this
reaction is the difference in the behavior of ketoaziridines
with respect to C-N or C-C bond cleavage under the ther-
mal or photolysis conditions. Scheme 5 shows a compari-
son of the photolysis and thermolysis of 2-benzoyl-3-phe-
nylaziridines. George and co-workers reported that the
phototransformations of N-substituted 2-phenyl-3-benzo-
ylaziridine 4a and 1a occurred via C-N bond cleavage of the
aziridine ring, while herein we report a thermal C-C bond
cleavage of N-benzyl-2-phenyl-3-benzoylaziridine and N-H
ketoaziridines in the presence of N-bromosuccinimide. The
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photoactivated intermolecular dimerization of the
aziridinyl ketone leads to 2,5-dibenzoyl-3,6-diphenylpyra-
zine (11%) and 2,5-diphenylpyrazine (8%).8

/:/COPh . /Z‘B\Ph

PH O
NBS/CAN NBS
C-N cleavag C-C cleavage
R =Bn,COPh H R=Bn,H
R
|
N
o
Ph/# 1a R=H
Ph 4a R=Bn
photolysis
C—N cleavage
ref. 8
COPh
Ph N COPh  Ph N
~ =
LL, - QL oo
X .
PhOC” “N” “Ph N Ph Goph
R=H R=H R=Bn

Scheme 5 A comparison of the photolysis and thermolysis of 2-benzo-
yl-3-phenylaziridines

Another striking feature of this reaction was that trans-
1-alkyl (H or benzoyl)-2-benzoyl-3-phenylaziridine, in the
presence of N-bromosuccinimide/cerium(IV) ammonium
nitrate (CAN), underwent a completely stereocontrolled de-
amination to afford the corresponding alkenes (Scheme 5).°

In conclusion, we have reported the direct synthesis of
2,5-diaryloxazoles from N-H ketoaziridine derivatives by
using N-bromosuccinimide as a brominating reagent. The
intermediate N-bromoketoaziridines underwent estab-
lished thermal C-C bond cleavage to afford a range of 2,5-
diaryloxazoles in good to high yields. Further research on
this topic is ongoing.

All solvents were dried and distilled according to standard proce-
dures. The yields refer to those of isolated products obtained after pu-
rification by column chromatography on Kieselgel 60 GF 254 silica gel
or by distillation under vacuum. The products were characterized by
comparison with authentic samples (IR and 'H NMR spectra, TLC,
melting and boiling points). Melting points were obtained using an
Electrothermal 9100 apparatus. IR spectra were recorded on a JASCO
FT/IR-6300 FT Infrared spectrometer. NMR spectra were recorded on
a Bruker AMX-400 spectrometer ('H at 400 MHz and '3C at 100 MHz)
in CDCl; or DMSO-dg, with chemical shift values (8) reported in ppm
downfield from TMS. Elemental analyses were obtained using a LECO
CHNS 932 Elemental Analyzer.

2,5-Diaryloxazoles 3; General Procedure

NBS (1 mmol) was added to a solution of aziridine (1) (1 mmol) in
1,4-dioxane (5 mL) and the mixture was heated at reflux temperature.

The progress of the reaction was monitored by TLC (EtOAc-hexane,
1:4). After completion, the mixture was allowed to cool to r.t. Purifi-
cation of the residue by column chromatography (silica gel, EtOAc-
hexane, 1:4) gave the corresponding 2,5-diaryloxazole (Table 2).

2,5-Diphenyloxazole (3a)
Yield: 205 mg (93%); white solid; mp 71-72 °C.

H NMR (400 MHz, CDCl;): 6=8.12(d,J =74 Hz, 2 H), 7.72(d, ] = 7.6
Hz, 2 H), 7.49-7.42 (m, 6 H), 7.32 (t, ] = 7.4 Hz, 1 H).

13C NMR (100 MHz, CDCl;): §=161.1, 151.3, 130.5, 128.9, 128.8,
128.5,127.8,127.1,126.4, 124.2,123.0.

Anal. Calcd for C;5H;NO: C, 81.45; H, 4.98; N, 6.33. Found: C, 81.28;
H, 4.54; N, 6.20.

2-(2-Chlorophenyl)-5-phenyloxazole (3b)
Yield: 198 mg (88%); white solid; mp 78-80 °C.
IR (KBr): 3063, 2991, 1654, 1582, 825, 758, 691 cm™.

H NMR (400 MHz, CDCl,): 5 = 8.10-8.07 (m, 1 H), 7.74-7.73 (m, 2 H),
7.56-7.51 (m, 2 H), 7.49-7.34 (m, 5 H).

13C NMR (100 MHz, CDCly): §=159.1, 151.9, 132.5, 131.6, 131.2,
130.7,129.0,128.8,127.9, 127.0, 126.4, 124.5, 123.3.

Anal. Calcd for C;5H,,CINO: C, 70.46; H, 3.94; N, 5.48. Found: C, 70.22;
H, 3.87; N, 5.32.

5-(3-Nitrophenyl)-2-phenyloxazole (3c)
Yield: 229 mg (86%); white solid; mp 145-147 °C.
IR (KBr): 3060, 2993, 1657, 1554, 1530, 824, 751, 691 cm™.

H NMR (400 MHz, CDC,): 6 = 8.53 (t,] = 1.9 Hz, 1 H), 8.19-8.10 (m, 3
H), 8.00 (m, 1 H), 7.63 (m, 1 H), 7.59 (s, 1 H), 7.52-7.49 (m, 3 H).

13C NMR (100 MHz, CDCl3): &=162.1, 148.9, 148.7, 130.9, 130.0,
129.6,129.5, 128.9, 126.8, 126.5, 125.5, 122.7, 118.8.

Anal. Calcd for CysH;oN,05: C, 67.68; H, 3.80; N, 10.52. Found: C,
67.59; H, 3.72; N, 10.18.

2-(4-Chlorophenyl)-5-phenyloxazole (3e)
Yield: 219 mg (86%); yellow solid; mp 100-102 °C.
IR (KBr): 3060, 2993, 1657, 1580, 751, 691 cm™.

H NMR (400 MHz, CDCL,): § = 8.23 (d, J = 7.5 Hz, 2 H), 7.85-7.63 (m, 3
H), 7.50-7.31 (m, 5 H).

13C NMR (100 MHz, CDCLy): §=160.3, 151.5, 136.4, 130.2, 129.1,
128.6,127.8,127.5, 125.8, 124.4, 123 4.

Anal. Calcd for C;5H,,CINO: C, 70.46; H, 3.94; N, 5.48. Found: C, 70.04;
H, 3.90; N, 5.18.

2,5-Bis(4-chlorophenyl)oxazole (3g)

Yield: 267 mg (92%); yellow solid; mp 205-207 °C.

H NMR (400 MHz, DMSO-dg): & = 8.09 (d, J = 8.0 Hz, 2 H), 7.87 (m, 3
H), 7.63 (d,J = 8.0 Hz, 2 H), 7.57 (d, ] = 8.0 Hz, 2 H).

13C NMR (100 MHz, DMSO-dg): 8 = 159.5, 150.0, 135.4, 133.1, 129.3,
129.2,127.7,126.1, 125.8, 125.4, 124.9.

Anal. Calcd for C;5HqCIL,NO: C, 62.09; H, 3.13; N, 4.83. Found: C, 62.01;
H, 3.03; N, 4.74.

2-(3-Methoxyphenyl)-5-phenyloxazole (3h)
Yield: 188 mg (75%); white solid; mp 81-83 °C.
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H NMR (400 MHz, CDCl,): § = 7.74-7.70 (m, 3 H), 7.65-7.64 (m, 1 H),
7.47-7.43 (m, 3 H), 7.40 (t, ] = 8.0 Hz, 1 H), 7.38-7.33 (m, 1 H), 7.02
(ddd, J = 8.3, 2.6, 0.8 Hz, 1 H), 3.90 (s, 3 H).

13C NMR (100 MHz, CDCL): &=161.2, 160.0, 151.4, 130.1, 129.1,
128.8,128.6, 128.1, 124.4, 123.6, 118.9, 117.0, 111.1, 55.6.

Anal. Calcd for C;4H;3NO,: C, 76.48; H, 5.21; N, 5.77. Found: C, 76.32;
H, 5.12; N, 5.63.

2-(3-Chlorophenyl)-5-phenyloxazole (3j)

Yield: 227 mg (89%); white solid; mp 98-100 °C.

'H NMR (400 MHz, CDCl;): 6 = 8.11-8.10 (m, 1 H), 8.01-7.98 (m, 1 H),
7.74-7.71 (m, 2 H), 7.47-7.42 (m, 5 H), 7.37-7.33 (m, 1 H).

13C NMR (100 MHz, CDCl;): §=159.9, 151.9, 135.1, 1304, 130.3,
129.2,129.1,128.8,127.9, 1264, 124.5, 124.4, 123.7.

Anal. Calcd for C;5H,(,CINO: C, 70.46; H, 3.94; N, 5.48. Found: C, 70.24;
H, 3.86; N, 5.38.

5-(4-Chlorophenyl)-2-phenyloxazole (3Kk)
Yield: 206 mg (81%); white solid; mp 78-80 °C.
IR (KBr): 3063, 2991, 1654, 1582, 825, 758, 691 cm™.

H NMR (400 MHz, CDCl,): § =8.13 (d, J = 7.5 Hz, 2 H), 7.75 (d, ] = 7.5
Hz, 2 H), 7.59-7.55 (m, 2 H), 7.50-7.37 (m, 4 H).

13C NMR (100 MHz, CDCly): 8=161.3, 150.3, 130.7, 128.8, 128.7,
128.4,127.8,127.2,126.4,124.3,123.2.

Anal. Calcd for C;5H,,CINO: C, 70.46; H, 3.94; N, 5.48. Found: C, 70.26;
H, 3.81; N, 5.37.

1-Benzyl-2-benzoyl-3-phenylaziridine (4a)
Yield: 225 mg (72%); white solid; mp 110-112 °C.
IR (KBr): 3100, 2994, 1668, 1595, 1495, 1000, 760, 690 cm'.

TH NMR (500 MHz, CDCl,): 8 =7.93 (d, J = 7.2 Hz, 2 H), 7.51 (m, 3 H),
7.42 (m, 6 H),7.30 (t,J = 7.5 Hz, 1 H), 7.23 (t, J = 7.6 Hz, 2 H), 7.16 (t, ] =
7.8 Hz, 1H),4.09 (d,J = 13.9 Hz, 1 H), 3.86 (d, ] = 13.9 Hz, 1 H), 3.43 (d,
J=7.2Hz,1H),3.35(d,J = 7.2 Hz, 1 H).

13C NMR (125 MHz, CDCl;): §=193.6, 138.2, 135.4, 133.3, 128.8,
128.6,128.4,128.3,127.9,127.8, 127.6, 64.3, 51.2, 50.2.
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