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One pot synthesis of 5-substituted isoxazole-3-car boxylic
acid methyl ester series compounds

JN Qingxian, ZHANG Guanghui, LIU Dong, DU Xingchen, MAO Wenjing, FANG Shaoming’
( School of Materials and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, Henan, China )

Abstract: A series of 5-substituted isoxazol-3-carboxylate methyl esters with different substituents were
synthesized from S-dicarbonyl compounds, which were prepared firstly from Claisen condensation reaction
of substituted methyl ketones and dimethyl oxalate using sodium methanol as base catalyst, then neutralized
by concentrated sulfuric acid, reacted with hydroxylamine hydrochloride to obtain oximes, and finaly
formed aring at high temperature. The structure of the products was confirmed by *HNMR, *CNMR and
MS, while the reaction conditions of alkali catalyst, solvent and acid neutralization in the synthesis process
were optimized, with the differences among synthesis processes of 5-substituted isoxazol-3-methyl
carboxylate compounds with different substituents discussed. The results showed that 26 5-substituted
isoxazol-3- carboxylate methyl esters were successfully synthesized by one-pot method, of which 23 could
be prepared in a single solvent methanol. Without separation and purification of intermediate products, it
was simple and carried out only in a single solvent, which could be easily recovered. Among the products,
5-tert-butylisooxazol-3-carboxylate methyl ester (IVc), 5-(4-aminophenyl)isooxazol-3-carboxylate methyl
ester (IVm) and 5-(3-aminophenyl)isooxazol-3-carboxylate methyl ester (IV n) required potassium
tert-butoxide as base catalyst and tetrahydrofuran as solvent for synthesis, while the synthesis of
5-trifluoromethylisooxazol-3-carboxylate methyl ester (IVv) was unsuccessful, and further development of
synthesis technology and optimization conditions were needed.
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THRMR LT HE ((Boc),0) , AR, LifFEEIGEEZY
FHERA A RAF; =M (TEA) | t-BuOK, AR,
KT KA alR ) Wb (B 534k 36% )
AR, ¥ AT R2EER) 5 AR (BnBr) | 425k ( Pd
T 5%) , AR, IEE AR A
FRHE]; ERE (200~300 H ) , 28R B REEM R
BIRAF; AmEE (60~90) , AR, FFmAl#LT
HIRAT; CROEE, AR, FIFRHEEL AR A R
ovE]; IR, AR, B — Y AE MR A RA A

Avance 500 MHz #8542 i Fe PR P A%, fi ]
Bruker /A7 ; Finnigan LCQ Advantage MAX % i 1%
i (MS) , 2 Thermo Fisher Scientific 23 F .
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DLIBAR H R R Skt , SR FH— Bk Al 5- AR
SEREE-3- R MR R (IV) RIMLEY, A gL
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Rl SRR v

la] 500 mL FAHUMBFE . WEE . IR
= HERBEH, AR A BEER) 54.09 (1 mol )
JoKHEE (2L) o FikdEHE 5 min, AR 5
fiil (1 mol ) FIH R —H [ 118.0 g (1 mol ) AJIRA
VW, EIRIERERN 12 h, KRBT RO
SRG . Tl R R AR O AWk B R 49.0 g
(0.5mol ) . M 69.59 (1 mol) , ¥ Kk
BT I 80 °C, HEFE 6 h, JEZEH
EROEHG YRR, i, UEUEA B oRAKWE, 14 5-HL
FRREm-3- R R P b &9 (Va, Ve~Vaa) |,
IVb~IVd ik, T2kt 2raifh, gifbsibh.
200~300 H&EfEE, WAy V(A - (GRS
fi£)=3: 1, Va~IVaalsrF45+9=CUF i

5-F L -3 2 R IR (Va) = FHEfEIA, i
#Hy 65%, H45 : 98~99 °C ( SCHk{E*?. 98~99°C ) .
'HNMR (500 MHz, CDCls), d: 6.40 (s, 1H), 3.95 (s,
3H), 2.48 (s, 3H); ®CNMR (125 MHz, CDCls), 6: 171.4,
160.5, 156.2, 102.2, 52.7, 12.3, LC 4liJ¥¥ 97% (254 nm).,
MS, CeH:NOs, m/Z: [M+H] BRI (E 142.12, E
142.10; [M+Na]"Hlit{H 164.12, MiA(H 164.00,
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5- S SE SREME-3 R TR HIEE (IVb) - W AW 1BMH 184.20, ik {4 184.23;[M+Na] "#it i 206.20,
K22 Wl 58%, Whii: 160~165 °C. *HNMR  lik{l 206.14.
(500 MHz, CDCl3), 8: 6.39 (d, J = 0.6 Hz, 1H), 3.95 (s, 5-FR N L S -3 R R S (IVd) « B @M
3H), 3.13 (dt, J = 13.9. 6.9 Hz, 1H), 1.34 (d, 6H); KRI2B WesR Sk 46%, 5. 175~180 °C. 'HNMR
“CNMR (125 MHz, CDCly), 6: 168.0, 158.9, 150.0, (500 MHz, CDCls), o: 6.31 (s, 1H), 3.96 (s, 3H),
100.5, 51.5, 26.0, 23.0, LC 4iJ¥ 95% (254 nm), MS,  2.11~2.08 (m, 1H), 1.16~1.08 (m, 2H), 1.03~0.99 (m,
mlZ: CgHuNOs[M+H]" Bl i f 170.18, W it {4 2H); CNMR (125 MHz, CDCl3), d: 166.0, 159.0,
170.12; [M+Nal"Hie(E 192,18, Mis{H 192.01. 152.0, 101.0, 52.0, 9.2, 8.2, LC 4fi & 96% (254 nm).

Sl T SRER -3 TR S (IVe) Vo f5 31 MS, CgHgNO;, m/Z: [M+H]+Eﬁi/l:ﬂﬁ 168.16, Mi{H
R . K 49%. Hh AT 170~175 °C. 'HNMR 16813 [M+Nal"#lig{i 190.16, WiAff 190.14.
(500 MHz, CDCly), &: 6.37 (s, 1H), 3.96 (s, 3H), 1.38 5-ARFESHIBIE-3- RIS (Ve) : HEREA,
(s, 9H); °CNMR (125 MHz, CDCly), &: 183.2, 172.6 W& N 89%, #if . 81~82 °C ( k(. 80~
160.7, 156.1~155.8, 100.3~99.1, 52.6, 28.8~28.2, LC  82°C ), *HNMR (500 MHz, CDCly), §: 7.79~7.77 (m,
4l BF 95% (254 nm), MS, CoH1sNO3, m/Z: [M+H]*E  2H), 7.48~7.45 (m, 3H), 6.91 (d, 1H), 3.99 (s, 3H):
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BCNMR (125 MHz, CDCl3), d: 171.8, 160.4, 156.6,
130.8, 129.1, 126.5, 125.9, 99.9, 52.9, LC 4liJ¥ 98%
(254nm) ., MS, CyuHeNOs, m/Z: [M+H]" B i {H
204.19, MiX(E 204.21; [M+Na] i {H 226.19, il
wfE 226.21,

5-(2- F LRI ) S -3- R IR R (V) = A
R, BeRN 81%, Kk 108~110 °C, 'HNMR
(500 MHz, CDCls), 6: 7.52~7.51 (m, 2H), 7.25~7.22
(m, 2H), 6.87 (s, 1H), 3.95 (s, 3H), 2.34 (s, 3H):
BCNMR (125 MHz, CDCly), 6: 173.0, 159.4, 156.1,
139.5, 133.7, 127.1, 125.5, 122.1, 98.8, 53.9, 22.4, LC
4 97% (254 nm), MS, CioH1NOg, m/Z: [M+H] B
WB{H 218.22, A{H 218.09,

5-(3-F LR L) S mEne -3- SR e e (IVg) : A
@ER, R A 83%, 45 : 118~120 °C ( SCHk{E!*":
118~121 °C ) , HNMR (500 MHz, CDCly), d: 7.54~
7.51 (m, 2H), 7.29 (t, J = 7.5 Hz, 1H), 7.21~7.19 (m,
1H), 6.83 (s, 1H), 3.92 (s, 3H), 2.34 (s, 3H)., “*CNMR
(125 MHz, CDCly), d: 172.0, 160.5, 156.6, 139.0,
131.7, 129.1, 126.5, 123.1, 99.8, 52.9, 21.4, LC 4
97% (254 nm)., MS, C,H13NOs, m/Z: [M+H] " FiE{E
218.22, MiX{H 218.04,

5-(4- TP L) Sk -3- R R R (IVh) « A
WA, Wk 87%, %55 . 128~130 °C ( SCHk{E!®
128~130 °C ). *HNMR (500 MHz, CDCls), é: 7.70 (d,
J =8.0Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 6.85 (s, 1H),

3.98 (s, 3H), 2.38 (s, 3H); *CNMR (125 MHz, CDCly),
8: 172.1, 160.6, 156.7, 141.4, 129.9, 123.9, 125.9, 99.4,

52.9,21.6, LC 4liJif 97% (254 nm), MS, C1,H;NOs,
mlZ: [M+H] "B 218.22, iliX{4 218.21,
5-(2- A SE 2R L) S B -3- R TR H g (Vi)

P E A, IR R 79%, H#4 5 . 108~110 °C. 'HNMR
(500 MHz, CDCls), d: 7.49~7.39 (m, 3H), 7.10~7.05
(m, 1H), 6.98~6.95 (m, 1H), 4.01 (s, 3H), 3.85 (s, 3H);
BCNMR (125 MHz, CDCl3), 6: 169.7, 169.1, 160.51,
152.5, 142.6, 135.5, 131.9, 118.2, 115.3, 112.0, 56.6,

50.9. LC 4 97% (254 nm), MS, C1,H1uNO,, m/Z:
[M+H] B (E 234.22, (Y 234.21,

5-(3-F AR R 3 ) S B - 3- B IR FH R (V) =
ER, RN 81%, H# : 111~113 °C ( SCHk(E!:
112~115 °C ) , HNMR (500 MHz, CDCls), 6: 7.43~
7.35 (m, 3H), 7.05~7.01 (m, 1H), 6.94~6.91 (m, 1H),
4.02 (s, 3H), 3.89 (s, 3H):; *CNMR (125 MHz, CDCl5),
5: 169.3, 168.1, 161.6, 150.6, 141.4, 131.3, 130.9,
117.9, 114.9, 111.3, 55.8, 51.5, LC 4 if 97%
(254nm) . MS, CiHuNO, m/Z: [M+H]* B it {H
234.22, Mik{H 234.21,

5-(4-H A LA FE) S -3- R IR R (VK ) -
1 AR ek 85%, KN . 118~120 °C.
"HNMR (500 MHz, CDCl3), d: 7.75 (d, J = 8.8 Hz, 2H),

7.00 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 4.00 (s, 3H),
3.87 (s, 3H); *CNMR (125 MHz, CDCls), J: 169.3,
168.1, 160.6, 150.6, 130.3, 127.3, 130.9, 118.0, 115.9,
114.3, 58.8, 50.5, LC 4l 97% (254 nm), MS,
CioHuNO,, miz: [M+H]*HiE{E 234.22, iR (H
234.21,

5-(4-F2FEAIE) SRR -3- R IR R (V1) . A
[k, W Hy 45%, 444 . 182~184 °C ( SCHk{EEY.
183~186 °C )., *HNMR (500 MHz, CDCl5), 6: 10.17 (s,
1H), 7.78~7.77 (d, 2H), 7.17 (s, 1H), 6.93~6.91 (d,
2H), 3.95 (s, 3H); *CNMR (125 MHz, CDCl,), o:
169.7, 168.1, 158.6, 150.3, 129.9, 127.9, 119.9, 116.3,
100.9, 51.5, LC 4fiE 96% (254 nm), MS, C;;HoNO,,
mlZ: [M+H] BRI (H 220.19, Mia{E 220.23,

5-(4-Z FE AR IL) SRR -3- R PR R (IVm) « B
@A, R Ky 38%, #H . 120~122 °C ( CHk{EPd
120~122 °C )., *HNMR (500 MHz, CDCl3), §: 7.60 (d,
J=8.5Hz, 2H), 6.73 (d, J = 7.2 Hz, 2H), 6.72 (s, 1H),
4.05~3.96 (m, 5H); “CNMR (125 MHz, CDCls), &:
170.4, 169.8, 152.1, 146.9, 125.4, 118.7, 114.8, 100.4,
51.8, LC 4iJF 95% (254 nm), MS, C11H1oN,O,, m/Z:
[M+H]"BEIS(H 219.21, Ha{{H 219.23,

5-(3- G H IR IL) TR -3- B IR G (V) « B8
FR, SR 42%, 45 135~136 °C ( SCHR{EPY.
134~136 °C ) ., *HNMR (500 MHz, CDCls), §: 7.26 (t,
J=78Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.13 (d, J =
1.8 Hz, 1H), 6.87 (s, 1H), 6.78 (dd, J = 8.0, 1.6 Hz,
1H), 4.07 (s, 3H), 3.85 (bs, 2H): *CNMR (125 MHz,
CDCls), J: 169.8, 168.8, 150.5, 149.3, 135.4, 131.7,
118.8, 115.4, 114.8, 99.8, 51.5, LC 4 Jif 95%
(254nm) . MS, CyH1N,O,, ml/Z: [M+H]" B it {4
219.21, MAfE 219.21,

5-(2-FAARIL) SrEmk-3- B H g (Vo) : A
[ RB Wk 82%, K. 125~128 °C., 'HNMR
(500 MHz, CDCly), §: 8.01~7.95 (m, 1H), 7.56~7.50
(m, 1H), 7.45~7.38 (m, 2H), 7.36 (d, J = 1.3 Hz, 1H),
4.03 (d, J = 0.8 Hz, 3H); *CNMR (125 MHz, CDCl3),
5: 169.3, 168.5, 151.4, 137.3, 132.4, 130.7, 128.5,
127.8, 100.8, 52.0, LC 4fiff 98% (254 nm), MS,
CuHgCINOs, m/zZ: [M+H]"Hi (g 238.64, i (H
238.58,

5-(3- G A FE) B -3- R IR G (Vp) : HE
AR iRl 78%, #5484 . 118~120 °C. 'HNMR
(500 MHz, CDCly), d: 7.82 (s, 1H), 7.72 (m, 1H), 7.47
(m, 3H), 4.03 (s, 3H); *CNMR (125 MHz, CDCly), §:
169.2, 168.1, 150.4, 134.8, 131.7, 129.5, 128.8, 127.4,
123.3, 100.5, 51.5, LC 4fiff 98% (254 nm), MS,
CuHgCINOs, m/zZ: [M+H]"Hi g 238.64, i (H
238.58,

5-(4- AL SRR -3- B PR H G (Vg) = A
ERBS YR %y 83%, #5: 128~130 °C. 'HNMR
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(500 MHz, CDCls), d: 7.75 (d, J = 8.6 Hz, 2H), 7.48 (d,
J = 85 Hz, 2H), 6.93 (s, 1H), 4.01 (s, 3H); *CNMR
(125 MHz, CDCl3), ¢: 169.3, 168.2, 150.0, 134.3,
129.3, 124.9, 100.5, 51.5, LC 4iiFF 98% (254 nm).
MS, C1iHsCINOs, m/Z: [M+H] Bt 238.64, izt
{4 238.57,

5-(4-TRRIE) SREME-3- R IR R (IVr) « (@
B, W%l 78%, #a5: 138~140 °C. 'HNMR
(500 MHz, CDCls), 6: 7.67~7.60 (m, 4H), 7.24 (s, 1H),
4.0 (s, 3H); ®CNMR (125 MHz, CDCls), ¢: 169.3,
168.1, 150.2, 132.3, 127.3, 125.5, 123.1, 100.5, 51.5,
LC 4 98% (254 nm), MS, CyHgBrNOs, m/Z:
M+H] BiiE{H 283.09, Wli(H 282.94,

5-(4-FR AL ) SHREME-3- R R F R (IVs) « AR
BARED, Wl 75%, K. 116~118 °C. 'HNMR
(500 MHz, CDCls), d: 8.04~8.00 (d, 2H), 7.44~7.39
(m, 3H), 3.42 (s, 3H); *CNMR (125 MHz, CDCly), ¢:
169.2, 168.2, 162.9, 150.1, 127.7, 122.2, 116.1, 100.5,
51.5, LC 4fiJif 98% (254 nm), MS, C1;HgFNO;, m/Z:
[M+H] B (8 222.18, Wit{ 222.21,

5-(3,4- G AR B -3- R IR R (V) « A
AR RS, IRy 78%, M. 142~145 °C,
'HNMR (500 MHz, DMSO-dg), 6: 8.30 (d, J = 2.0 Hz,
1H), 7.96 (dd, J = 8.5, 2.0 Hz, 1H), 7.85(d, J = 8.5 Hz,
1H), 7.71 (s, 1H), 3.93 (s, 3H); *CNMR (125 MHz,
CDCly), d: 169.5, 160.2, 157.0, 135.3, 133.9, 131.4,
127.8, 126.4, 125.1, 101.0, 53.2. LC 4fiJif 98%
(254 nm)o MS, CllH7C|2N03, mlZ: [M+H]+I$)L/t,\{ﬁ
273.08, iMiX{H 272.97,

5-(2,4- —FH AR IL) SRR -3 R R TR (Vu) : A
0 [ AREE eR ol 65%, 4k - 132~134 °C., "HNMR
(500 MHz, CDClj), 0: 8.03~7.97 (m, 1H), 7.03~6.96
(m, 3H), 4.02~4.01 (s, 3H); *CNMR (125 MHz,
CDCls), d: 169.3, 168.1, 161.1, 159.9, 150.0, 130.7,
119.1, 111.6, 102.7, 100.5, 52.0, L C 4li & 98% (254 nm).,
MS, CuH;FoNOg, m/Z: [M+H] Hig (il 240.18, izt
{8 240.21,

5-(4- = F5 1 LRI ) S BB -3- R TR R (IVv)
Fa EEEY ) h 62%, #H: 135~137 °C.
'HNMR (500 MHz, CDCl3), J: 8.19~8.17 (d, 2H),
7.92 (d, 2H), 7.62 (s, 1H), 3.37 (s, 3H); *CNMR
(125 MHz, CDCl3), ¢: 169.3, 168.1, 150.0, 124.3,
129.9, 125.6, 125.3, 100.5, 51.5, LC 4fiJi¥ 98%
(254 nm) ., MS, CpHgFsNOs, m/Z: [M+H]" 318 (i
272.19, Mik{H 272.21,

5-(3-AHFEAIE) SemEme -3 R R R (IVw ) & IR
HAOE A RN 38%, H4 5 . 158~160 °C. 'HNMR
(500 MHz, CDCl5), d: 8.65 (s, 1H), 8.33 (d, J = 8.2 Hz,
1H), 8.14 (d, J = 7.6 Hz, 1H), 7.73~7.70 (m, 1H), 7.09
(s, 1H), 4.02 (s, 3H); *CNMR (125 MHz, CDCly), ¢:
169.2, 160.0, 157.1, 148.8, 131.5, 130.6, 128.1, 125.3,

121.0, 101.8, 53.2, LC 4liJ¥ 97% (254 nm). MS,
CuHgN2Os, m/Z: [M+H]"Hig {4 249.19, ik (H
249.21,

5-(4-fi FE ORI ) SR -3-FR IR F R (IVx) « IRk
AR Rl 40%, KN . 178~180 °C.
'HNMR (500 MHz, CDCls), d: 8.39 (d, 2H), 8.25 (d,
2H), 7.81 (s, 1H), 3.32 (s, 3H); *CNMR (125 MHz,
CDCl3), : 169.3, 168.1, 150.1, 147.8, 132.7, 124.5,
100.1, 51.2., LC 4li ¥ 97% (254 nm), MS, Cy;HgN,Os,
mlZ: [M+H] BRiE{E 249.19, ikl 249.22,

5-(2-WEWy 3L) B -3- R R H R (IVy) « 28H
@EA, WK A 82%, 5 : 86~88 °C (SCik{E!:
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