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Unexpected Rearrangement Reaction and Synthesis of
Benzoxazoles

Wang, Kaixuan Wang, Lanzhi*
(College of Chemistry and Material Science, Hebei Normal University, Shijiazhuang 050024)

Abstract Novel series of rearrangement reactions were herein reported that enable access to a variety of unique 2-aryl-
3-(3'-oxobutenyl)-benzoxazole compounds 6a~6f from 2-aminophenol, aromatic aldehyde and 3-butyn-2-one as materials by
nucleophilic conjugate addition, dehydration and rearrangement reactions and intramolecular cyclization in the presence of a
catalytic amount of CH;COOH in CH,CI, at ambient temperature. On the basis of products and intermediate products, a series
of possible mechanism was presented and theoretically verified by density functional theory (DFT) method at B3LYP/6-31G
(d,p) level from both molecular energy and atomic charge in Gaussian 03 package. The results show that the theory and
experiment consistently explain the rationality of the reaction mechanism. The mechanism of rearrangement provides a basis
for further study of this type of reaction. The advantage of this method is that a novel structure of benzoxazole derivative was
synthesized successfully via a series of rearrangement reactions. Therefore, this method can be used as an attractive strategy

for practical synthesis of nitrogen heterocyclic compounds.

Keywords rearrangement reaction; benzoxazole; synthesis; reaction mechanism; density functional theory (DFT)
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F1 B 5 T O7), N(B)FI C(14)H L1 % ¥ (a.u.)
Table 1 Charge density (a.u.) of O(7), N(8) and C(14) in com-
pound 5

C c— CHg
©: 14 C
Compd. R o(7) N(8) C(14)
5a H —0.4574 —0.4296 0.1166
5b F —0.4750 —0.4366 0.1142
5¢c Cl —0.4757 —0.4716 0.1213
5d Br —0.4964 —0.4486 0.1209
5f OCHj, —0.4599 —0.4421 0.1184

& 1 o5, & 5 F C(L4)H7 IEHLfT, O(7)Fd
N(8) s fr HLfi, Wbk R O(7) b iy ey 25 i W Bk 7y
T N(8), IXAf5 O(7) bt N(8)SE AT %%k, it LAAE S
HE SR SRR MER) O(7)HEXUHT IEHL ) C(14) R AESRZm
WIEEL C—O 8, A2 N(8)HEXUHT IE HL Y] C(9), iX—
S5 RABIRUE 1 AT AL A 5 B
142 RE A A Zheafa etk

ALz H Gaussian 03 2 /7 % FE vz b8 (DFT) J5 1%
7£ B3LYP/6-31G(d,p) & 4L /K b X 2 o #5 21 i = 4 2
TR S 6 BN T 1,5-F A ER =5 8
AT T EMHE, B3 T AR ESH, BFEE
MEE. BsERE. IATDHE KOs A E I RESE, R4S
RWAE 2 P, IWREEMEE AT 1 Wik e v, Ik
K2 B 6 8 MELHE(E,) FINAE(EY) AI1FIE(H)
PAJ H H16E(GT)

Table 2 Zero-point energies (E,), thermal energies (E?), ther-

mal enthalpies (H”) and thermal Free energies (G*) of compounds
6 and 8

o (0]
C-O-_ 0

R1
6 (0)
a~f.R'"=H,F,Cl, Br, CHs, OCH4
Compd.  Ept E*® H*¢ G*
6a —861.7654 —861.7483 —861.7474 —861.8126
8a —861.7360 —861.7194 —861.7184 —861.7811
6b —0960.9985 —960.9814 —960.9805 —961.0454
8b —960.9755 —960.9580 —960.9571 —961.0217
6¢ —1321.3687 —1321.3504 —1321.3495 —1321.4182
8c —1321.3399 —1321.3219 —1321.3209 —1321.3881

6d —3432.8712 —3432.8525 —3432.8516 —3432.9232

8d —3432.8491 —3432.8309 —3432.8299 —3432.8977

6f —976.2563 —976.2366 —976.2356 —976.3079

8f —976.2287 —976.2093 —976.2084 —976.2779
2a.u.: °10° kd/mol; ©10% k/mol: ¢ 10° kI/mol.
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Thermo SCIENTIFIC BLLAMEREAY, KBr A %;
3200QTRAP JFii{%; WIPM-NMR-400M ! # Hf 3E4R 1,
TMS NN Hx; Vario EL TTT R 0 HriX. 2-8 2K W Fl
3- T he-2 By | AL st s gURH A PR A ], Heiki)
B9 oyt 4l
32 ZLWHE
321 FHEMKR 4-[2-(4- "R EFERAL)KAL]S-T
i - 2-BF) (5) 69 5 Ak,

I) 8 1) 50 mL [F B, i 10 mL JE/K
CFE . AREIEFEM (2.0 mmol). BULZEH (2.0 mmol)
il FHHE 5 min, IEABIEOME A 3. K 3 5 3-T
Pe-2-BAE YRR L 10 1 BN, A 0.02 mL
=W, WESIHEE 8 min, HhIEAS R G FE Ak 5.

4-[2-(4-FA AR 3 2 B ) R S Bk -3 T )i -2- i (5b):
0 E AR, 752 95%. m.p. 80~82 ‘C; 'H NMR (400
MHz, DMSO-dg) J: 8.65 (s, 1H), 7.99~7.98 (m, 2H), 7.94
(d, J=12.5 Hz, 1H), 7.37 (t, J=8.8 Hz, 2H), 7.32 (m, 4H),
5.67 (d, J=12.5 Hz, 1H), 2.13 (s, 3H); *C NMR(100
MHz, DMSO-ds) J: 197.02, 165.91, 163.43, 162.64,
161.48, 148.63, 142.76, 133.01, 131.64, 131.55, 127.61,
126.69, 120.99, 120.51, 116.58, 116.36, 111.53, 27.45; IR
(KBr) v: 1770, 1665, 1508, 1261, 934 cm ™ *; MS m/z: 284
[M-+H]". Anal. calcd for C;7H14sFNO,: C 72.07, H 4.98, N
4.94; found C 72.54, H 4.57, N 4.80.

4-[2-(4- FUAR A B 0 k) R A i ]-3- T I -2- il (5c):
FIE &, 773 98%. m.p. 100~102 C; *H NMR (400
MHz, DMSO-ds) 6: 8.66 (s, 1H), 7.97~7.92 (m, 2H), 7.96
(d, J=12.5 Hz, 1H), 7.37 (t, J=8.8 Hz, 2H), 7.32 (m, 4H),
5.64 (d, J=12.5 Hz, 1H), 2.12 (s, 3H); *C NMR (100
MHz, DMSO-ds) o: 197.06, 162.66, 161.57, 148.70,
142.57, 136.94, 135.15, 130.83, 129.51, 127.84, 126.70,
120.98, 120.53, 111.59, 27.45; IR (KBr) v: 1691, 1626,
1261, 1046, 752 cm ™ *; MS m/z: 300 [M-+H]". Anal. calcd
for C17H14CINO,: C 68.12, H 4.71, N 4.67; found C 68.36,
H 4.65, N 4.59.

4-[2-(4- VAR AR FE 2 A5 ) R A5 L ]-3- T 4 -2- 1 (5d)),
H R, 772 95%. m.p. 104~106 C; *H NMR (400
MHz, DMSO-dg) d: 8.65 (s, 1H), 7.94 (d, J=12.5 Hz, 1H),
7.86 (d, J=8.3 Hz, 2H), 7.74 (d, J=8.3 Hz, 2H), 7.37~
7.30 (m, 4H), 5.66 (d, J=12.5 Hz, 1H), 2.13 (s, 3H); °C
NMR (100 MHz, DMSO-dg) §: 197.03, 162.59, 161.70,
148.68, 142.57, 135.47, 132.43, 130.99, 127.85, 126.70,

pacll
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125.95, 120.96, 120.53, 112.48, 111.59, 27.45; IR (KBr) v:
1665, 1267, 1020, 948, 544 cm ™ *; MS m/z: 344 [M+H]".
Anal. calcd for Ci7H4,BrNO,: C 59.32, H 4.10, N 4.07;
found C 59.68, H 4.36, N 3.88.

322 2-FRHA-3-(3-AMNKT H KK AR (6) 89 A R

R 50 mL [E AR H, KXKImA 5 (2.0
mmol). 10 mL —5& F k¢, 0.06 mL VKEEER, =6 NN 5
h, g7 309 5 L [E 44 6.

2- IR FE-3-(3- 5 AT M 2R ) - IFRE M (Ba): IR B [
&, P22 79%. m.p. 136~138 C; 'H NMR (400 MHz,
DMSO-dg) d: 7.99(d, J=13.9 Hz, 1H), 7.42~7.46 (m,
5H), 7.06 (s, 1H), 6.86~7.45 (m, 4H), 5.03 (d, J=13.9
Hz, 1H), 2.09 (s, 3H); *C NMR (100 MHz, DMSO-dg) o:
195.56, 149.78, 138.93, 136.03, 132.25, 130.76, 129.63,
126.92, 123.90, 122.20, 109.51, 109.40, 105.56, 94.89,
26.98; IR (KBr) v: 1662, 1557, 1334, 962, 745 cm *; MS
m/z: 266 [M~+H]". Anal. calcd for C;7H;sNO,: C 76.96, H
5.70, N 5.28; found C 76.76, H 5.58, N 5.46.

2-(4- 3 AR JL)-3-(3- AR T M 2k ) - 2R IR R Mk (Bb): %
B E AR, P2 85%. m.p. 112~114 C; 'H NMR (400
MHz, DMSO-dg) 6: 7.99 (d, J=14.0 Hz, 1H), 7.28~7.52
(m, 4H), 7.11 (s, 1H), 6.88~7.54 (m, 4H), 5.03 (d, J=
14.0 Hz, 1H), 2.10 (s, 3H); *C NMR (100 MHz, DMSO-
ds) o: 195.24, 164.43, 162.47, 149.67, 138.80, 132.57,
132.22, 129.46, 129.39, 123.85, 122.21, 116.71, 116.53,
109.63, 109.44, 105.74, 94.09, 27.08; IR (KBr) v: 1673,
1567, 1279, 964, 741 cm ™ *; MS m/z: 284 [M+H]". Anal.
calcd for C;H4FNO,: C 72.07, H 4.98, N 4.94; found C
72.50, H 4.58, N 4.78.

2-(4- SR HE)-3-(3- AR T M Bk ) 2R IR EME (6c): 1k
WO EA, % 92%. m.p. 130~132 °C; 'H NMR (400
MHz, DMSO-dg) 6: 8.00 (d, J=14.0 Hz, 1H), 7.48~7.55
(m, 4H), 7.11 (s, 1H), 6.88~7.50 (m, 4H), 5.04 (d, J=
14.0 Hz, 1H), 2.10 (s, 3H); *C NMR (100 MHz, DMSO-
ds) J: 195.23, 149.69, 138.76, 135.09, 129.73, 128.94,
123.87, 122.27, 109.66, 109.47, 105.78, 94.02, 27.12; IR
(KBr) v: 1668, 1563, 1276, 974, 752 cm™*; MS m/z: 300
[M-+H]". Anal. calcd for C;;H.,CINO,: C 68.12, H 4.71,
N 4.67; found C 68.46, H 4.55, N 4.53.

2-(4- 1R 2 FL)-3-(3- AN T M 25 ) 2R IR Mk (6d): 7%
WA, % 88%. m.p. 132~134 °C; 'H NMR (400
MHz, DMSO-dg) 6: 7.99 (d, J=14.0 Hz, 1H), 7.40~7.67
(m, 4H), 7.09 (s, 1H), 6.86~7.50 (m, 4H), 5.04 (d, J=
14.0 Hz, 1H), 2.09 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 195.23, 149.67, 138.75, 135.44, 132.65,

http://sioc-journal.cn/ 1151
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132.17, 129.17, 124.07, 123.85, 122.25, 109.64, 109.46,
105.77, 94.06, 27.10; IR (KBr) v: 1669, 1563, 1275, 974,
738 cm ™% MS m/z: 344 [M+H]". Anal. calcd for
C17H1BrNO,: C 59.32, H 4.10, N 4.07; found C 59.76, H
4.33,N 3.91.

2-(4- W1 L R B )-3-(3- AN T M 22k ) 2K JF W ek (6e):
#E, 775 83%. m.p. 138~140 C; 'H NMR (400
MHz, DMSO-dg) d: 7.98 (d, J=14.0 Hz, 1H), 7.24~7.35
(m, 4H), 7.02 (s, 1H), 6.85~7.51 (m, 4H), 5.03 (d, J=
13.9 Hz, 1H), 2.32 (s, 3H), 2.09 (s, 3H); *C NMR (100
MHz, DMSO-dg) o: 195.19, 149.84, 140.34, 138.80,
133.30, 132.34, 130.10, 126.92, 123.74, 122.05, 109.47,
109.32, 105.65, 94.90, 27.00, 21.33; IR (KBr) v: 1662,
1570, 1288, 981, 745 cm ™ *; MS m/z: 280 [M+H]". Anal.
caled for CgH7;NO,: C 77.40, H 6.13, N 5.01; found C
77.24,H6.42, N5.11.

2-(4- A R R )-3-(3- 5 AX T ik ) - IR R g ek (61):
FE AR, 725 78%. m.p. 142~144 “C; 'H NMR (400
MHz, DMSO-dg) d: 7.94 (d, J=14.0 Hz, 1H), 6.96~7.40
(m, 4H), 7.01 (s, 1H), 6.85~7.49 (m, 4H), 5.04 (d, J=
14.0 Hz, 1H), 3.77 (s, 3H), 2.09 (s, 3H); *C NMR (100
MHz, DMSO-ds) o: 19520, 161.02, 149.81, 138.79,
132.33, 128.53, 128.24, 123.73, 122.00, 114.90, 109.44,
109.30, 105.62, 94.83, 55.70, 27.00; IR (KBr) v: 1668,
1570, 1282, 967, 745 cm ™ *; MS m/z: 296 [M+H]". Anal.
calcd for CigH;7NO5: C 73.20, H 5.80, N 4.74; found C
73.32, H 5.65, N 4.70.

323 b T EIE K

#2050 mL EEKH H, Kk 5¢ (2.0
mmol).10 mL Jo/K g, &8 =&, =R TR 12
h, 151k, UKAA R 24 h, HUEMS B B O E R 7.
WH A E AR, 7% 90%. m.p. 138~140 C; 'H NMR
(400 MHz, DMSO-dg) d: 9.46 (s, 1H), 7.93 (s, 1H), 6.77~
7.31 (m, 8H), 5.94 (s, 1H), 4.70 (s, 1H), 3.55 (s, 3H), 1.98
(s, 3H); ®*C NMR (100 MHz, DMSO-dg) &: 194.97,
153.61, 136.99, 133.19, 129.67, 129.08, 128.22, 119.70,
117.007, 101.51, 94.78, 56.23, 27.74; IR (KBr) v: 3452,
1634, 1526, 1271 cm %; MS m/z: 332 [M+H]". Anal.
calcd for CigH13CINO; C 65.16, H 5.47, N 4.22; found C
65.48, H 5.65, N 4.40.
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