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Hydroxymethylation and Aminomethylation of 2-Aminothiazol
Derivatives at 5 Position

Wang, Feng” Li, Wenhong™®* Li, Dong” Fan, Zheng" Li, Zhen®
(“ School of Chemical Engineering, Northwest University, Xi'an 710069)

(® Shaanxi Research Design Institute of Petroleum and Chemical Industry, Xi'an 710054)

Abstract Hydroxymethylation of 2-aminothiazol derivatives at 5 position irritated by microwave was reported. The reaction
results were compared by the method of microwave, sealed tube and reduction from ester. A series of novel hydroxymethyl
derivatives were obtained. Through the experiments, sealed tube condition demanded high thermal stability of the substrate,
and the reaction yield was low with messy reaction solution and long reaction time. The yield of reduction from ester is poor
with longer synthetic route. The hydroxymethylation under microwave irradiation gave high yields with short reaction times.
2-Cyanoacetate sodium salt was prepared from NaH, and the yield was improved. Novel derivatives of aminomethylation on 5

position are obtained after cyclization and reduction.
Keywords 2-aminothiazole; microwave reaction; thiazole
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Scheme 1

o FAREIRAC TR AN IR AE 2 A mlim 4 240 &
Wy 2-F FEMEMEN S P & LR ARG, SRR
JHI B S Sk AT R b il ﬁﬁﬂxzﬁﬁuiﬁﬂ
2 RSB M USSR BN — 20 N T
1, F R IR 2-F AL MM, 2- T FLE M2 A
I J5 B A S AT 31 5 A A R 1K B AT A= 9)(Scheme
2). ASCEESARNEY) T W5 EFIAREE, BEIRTED
13a 1 13b, XHZRYILAEWIN G T ERT T AL

1 SRIEERS
1.1 RFE5EE

o] FRAERE DR D) B e 8 T A T o AR PR A

X SR HTR FH A 5- F Sk -3- R I B | % Rt

FAA MR AR, AR A 8 2 fral.

Agilent 1100 Series DAD, ESI HLE5E, WA (i 5
JRCG X A ; Dionex U3000 1 203 AH €23 {3 ; Bruker
AVANCE 11 400 MHz L9151, CEM Discover
T B 1 Y 2.

1.2 XEIRE
1.2.1 1-(4-F A IR FMR(2) 89 B

HR A SCHR[ 181400 i 15 2] A oy R E 9 2. I
B A5%. AL R S SRR IE —EG MS (ESD) m/z
(%): 183.2 ((M+H]", 92). Anal. caled for CgH;(N,OS: C
52.72, H5.53, N 15.37; found C 52.74, H 5.50, N 15.34.
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122 4-2-F 8K CH)-2-(4-F B R ZIL)E ok -5-
¥ B T BE(3) 898 AR

H4 2-50-5- A HE-3- B R T IR (9.73 g, 0.05 mol)
T 100 mL (¥ EtOH 1, AR5 I 1-(4- A B 200 it
IR(2) (9.11 g, 0.05 mol), IIFARIFHHEE 5 h, TLC Bonx
NSER. MEREEERTE, £ 13.06 ¢ AGERLED
31T é@# 97%, R 81%. %ML T4k n] B
FHENT — W, AR R DLR ) A — Dl
1k. "H NMR (DMSO-d(,, 400 MHz) d: 9.80 (s, 1H, NH),
7.58 (d, J=8.20 Hz, 2H, PhH), 7.01 (d, J=8.20 Hz, 2H,
PhH), 4.28 (s, 3H, OCH,), 3.89 (s, 3H, OCH3), 3.74 (t, J=
6.20 Hz, 2H, OCH,), 3.33 (s, 3H, OCH3), 2.80 (t, J=6.20
Hz, 2H, CH,); *C NMR (DMSO-d;, 75 MHz) 6: 167.34,
163.35, 155.37, 145.1, 136.23, 122.17, 118.19, 114.10,
65.63, 58.34, 55.22, 55.09, 29.90; MS (ESI) m/z (%): 323.4
([M—I—H]*, 70). Anal. caled for C;sH;gsN,O,S: C 55.88, H
5.63, N 8.69; found C 55.79, H 5.64, N 8.69.
123 [4-(2-F AHA T H)-2-(4-F BRI )yE ok 5-
AR B (4)89 8 AR

J7ik 12020 sl 5 3 (16.12 g, 0.05 mol)iE T~ 50
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mL Ji/K THF o, KRR, 230, BiRe—
78 C. ZE18%§ N\ DIBAL-H (33.3 mL, 0.05 mol)f] THF
W WnseRe, BHRREEAE—78 CHiHE 30 min, AJ5
FH 2 —20 CHEHE 2 h [N SEHE, n) N i 2% 18 i n
PR NH,CLK B KN, N I8 Z.15 30 mL 2K
=R BIFHHUH, K NaSO, T4, FLAsW4E, Fifs
ek 2Tk 2, 19 9.12 g, KA 4. i
R 62%.

72 A5 (0.80 g, 3.03 mmol)iE T 5 mL THF
o, A2 mL = 2 5 mL ) 40% S KA, TS
RGP 120 CRUR MNP 10 min. SN FF 22 % i
TN 10 mL 0K, EilHiPE 10 min, 4R)5H 20 mL 4R
LBERIU IR, G AP, oK Na,SO, T, FTasik
5. iR A G difb BT P RN, 5
0.83 gk LAY 4, K 93%. £l HI i E 45 L 73 21
Sy BT RS IR b

73 A5 (0.80 g, 3.03 mmol)iE T 5 mL THF
o1, I 2 mL TEA F1 5 mL 1) 40% 7KV, A
SWAE 120 CEAE RN 1 h. OVBFEE S 10
mL ZUK, B 10 min, 2X)5H 20 mL 4R Llg2
B, S IFA NI, /K Na,SO, T, BEa5k4E. Bt
PR Z S R E TR AL, 73 0.50 g St 1k 4,
R 56%. 2ok F I o 45 it 15 20 0 TR U AE .

tb&41 4: 'TH NMR (DMSO-dg, 400 MHz) J: 9.78 (s,
1H, NH), 7.48 (d, J=9.20 Hz, 2H, PhH), 6.88 (d, J=9.20
Hz, 2H, PhH), 5.11 (t, J=5.60 Hz, 1H, OH), 4.43 (d, J=
5.60 Hz, 2H, OCH,), 3.68 (s, 3H, OCHs), 3.54 (t, J=6.81
Hz, 2H, CH,), 3.23 (s, 3H, OCHj;), 2.70 (t, J=6.81 Hz,
2H, CH,); “C NMR (DMSO-ds, 75 MHz) o: 162.53,
154.42, 145.06, 135.45, 121.90, 119.08, 114.72, 71.70,
58.38, 55.75, 55.24, 29.81; MS (ESI) m/z (%): 295.2
([M+H]+, 85). Anal. caled for Ci4HgN,0O5S: C 57.12, H
6.16, N 9.52; found C 57.12, H 6.14, N 9.50.

I &Y 4 (AT 2, AR AR L JE
Wz 5N, 23— R, RV Eq. 1, B
7 R R AR B N R 1 TR,

1.2.4  4-(vHo-4-20)-2-(3- F 2R e -5- F B2(6) 49
AR

Btk 4f (1.68 g, 5.6 mmol)¥A T~ 50 mL ZKrh, 4R
JE I MnO, (2.46 g, 28.2 mmol). Frf5 5 N b 85
C, PidE 2 h RJE RV FE I, o, IR YE,
Frfd R & 2N 24k, £33 827 mg v (AL lEI 44, i
H50%. W EE S SCEk[22])4R1E 3. MS (ESI) m/z
(%): 296.1 ((IM+H]", 95). Anal. caled for C;¢H;3N;0S: C
65.06, H 4.44, N 14.23; found C 65.08, H 4.45, N 14.21.
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S /A" Microwave, paraformaldehyde
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120°C, TEA
3a~ 3f
HO}S /Al’
» s (1)
4a ~ 4f

1.2.5  3-(4-FKH)-3-H I A IE(8)49 &%

E—20 CF, ¥ 0.05 mol [ ZEWT 50 mL (KL
JK THF 1, 2218 in\ 60% NaH (2.00 g, 0.05 mol). & &
YI{E—20 CHiHE 30 min, 285 ZEM2 AN UK F R

H(8.53 g, 0.05 mol), ¥EHl7E 1%L FHiHE 2 h, Wit
AR E R, AT Ik = RS I ik 8.16
g, ZifE 98%, WH 81%. B J5 B MS (ESI) m/z (%):
180 ([M-+H]", 68). ViF &4 Jm it ¥ £icdhs 5 SCiik[23 4R i —
.

1.2.6  2-78-3-(4-2KH)-3-B K A (9)89 6 A%,

MG SCHR[1011 /54, &4 8 (1.01 g, 5.00 mmol)
BT 15 mL BPYSATRD, N N-VRARTT 1 i
(0.89 g, 5.00 mmol), FrfF NHBMAEI 1 he SR )5 P
W, RN, WEORAE. PR T 4l
L EBEIEN N 25 N, MS (ESI) m/z (%): 258.5 (IM+
H]", 70).

1.2.7  2-805-4-(4-F R ) vk-5- 15 (10) 895 A%,

HE 2-UR-3-(4- SR HE)-3- R A i (1.42 g, 5.50 mmol)
%120 mL ¥ EtOH 1, SR J5MA TEA (1.02 g, 10.10
mmol) A K (0.42 g, 5.50 mmol). JI#ARIAHFE 3 h,
TLC Wrn RV IE. RV BKRSE. IIAIK 30 mL, LR
LW 50 mL ZH =R, AIHAHUAH, JoK Na,SO, T,
BLZRIRYE. TSRO EAA 1.19 g (A1 92.01%), %A
Al BN T R, B 92%. 120
i ZWEE SRR HTAES. "TH NMR (DMSO-dg, 400
MHz) §: 7.82 (d, J=8.42 Hz, 2H, PhH), 7.46 (d, J=8.42
Hz, 2H, PhH), 6.05 (s, 2H, NH,); *C NMR (DMSO-dq, 75
MHz) 6: 164.05, 154.78, 139.44, 131.19, 129.51, 128.30,
112.58, 94.94; MS (ESI) m/z (%): 236.2 ((M+H]", 82).
Anal. calcd for C,(H¢CIN;S: C 50.96, H 2.57, N 17.83;
found C 50.92, H 2.55, N 17.81.

1.2.8  4-(4-FIKHK)-5-F AR ek 230 W B A T B5(11)
895 A%,

BALAY 10 (0.59 g, 2.50 mmol)iE T 5 (20
mL)H, I = Z[#(0.505 g, 5.00 mmol), RN
(Boc),0 (0.65 g, 3.00 mmol). FTfE S MWl & itk 7.
RN 5E 1) N IIANIK 10 mL, F %0 e A BN
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Table 1 Reaction data for different substituents

'N'MR, MS and elemental analysis

*1
Compd. R? Ar Yield/%
o T .
a ZLS H
Cl
O
4b 88
k Y
Cl
Cl
« :
¢ iﬁ NH HE/@
Cl
CF3
J@ )fj
4d 85
K y
SN
de 91
% 5
4f 98

O

'H NMR (DMSO-dg, 400 MHz) 6: 7.48 (d, J=8.82 Hz, 2H, PhH), 6.83 (d,
J=8.82 Hz, 2H, PhH), 4.46 (s, 2H, OCH,), 3.68 (s, 3H, OCH3), 3.21~
3.24 (m, 2H, CH,), 2.80~2.86 (m, 3H, CH,), 1.91~1.94 (m, 2H, CH),),
1.66~1.69 (m, 2H, CH,); *C NMR (DMSO-d;, 75 MHz) J: 160.26,
151.23, 150.29, 133.40, 122.76, 119.32, 115.28, 58.49, 56.23, 40.11, 27.58,
20.39; MS (ESI) m/z (%): (3202 [M+H]", 79). Anal. caled for
C16H21N;0,8: C 60.16, H 6.63, N 13.16; found C 60.15, H 6.64, N 13.13.

'H NMR (DMSO-d,, 400 MHz) J: 8.44 (s, 1H, OH), 7.44~7.45 (m, 1H,
PhH), 7.00~7.02 (m, 1H, PhH), 6.43 (s, 1H, PhH), 4.52 (s, 2H, OCH,),
3.34~3.36 (m, 3H, CH,, CH), 2.92~2.96 (m, 2H, CH,), 1.88~1.91 (m,
2H, CH,), 1.75~1.78 (m, 2H, CH,); *C NMR (DMSO-d;, 75 MHz)
158.95, 153.24, 138.30, 133.47, 130.28, 122.16, 121.24, 119.44, 118.99,
55.36, 36.38, 27.53, 22.51; MS (ESI) m/z (%): 358.5 ((M+H]", 77). Anal.
caled for CysH7;CpN;0S: C 50.28, H 4.78, N 11.73; found C 50.26, H
4.75,N 11.70.

'H NMR (DMSO-d;, 400 MHz) &: 8.50 (s, 1H, NH), 7.43~7.45 (m, 1H,
PhH), 7.00~7.02 (m, 1H, PhH), 6.36~6.37 (m, 1H, PhH), 4.48~4.49 (m,
2H, OCH,), 3.10~3.13 (m, 3H, CH,, CH), 2.65~2.81 (m, 2H, CH,),
1.65~1.79 (m, 4H, 2CH,); *C NMR (DMSO-ds, 75 MHz) &: 160.23,
150.27, 138.04, 134.99, 129.66, 121.70, 121.24, 118.26, 117.58, 58.3, 52.9,
49.01, 45.35, 30.83, .25.79; MS (ESI) m/z (%): 358.3 ((M+H]", 92). Anal.
caled for CsH;;C;;N;0S: C 50.28, H 4.78, N 11.73; found C 50.24, H
479,N 11.71.

'H NMR (DMSO-dg, 400 MHz) &: 10.51 (s, 1H, OH), 7.87~7.95 (m, 2H,
PhH), 7.47~7.49 (m, 1H, PhH), 7.18~7.20 (m, 1H, PhH), 6.43 (s, 1H,
NH), 4.50 (s, 2H, OCH,), 3.27~3.30 (m, 2H, CH,), 2.86~2.95 (m, 3H,
CH,, CH), 1.94~1.97 (m, 2H, CH,), 1.75~1.78 (m, 2H, CH,); °C NMR
(DMSO-ds, 75 MHz) 6: 150.33, 149.39, 143.95, 132.90, 131.81, 129.43,
125.41, 125.30, 122.59, 121.47, 119.22, 117.4, 115.0, 50.37, 35.72, 27.31,
22.8; MS (ESI) m/z (%): 3582 (M +H]", 78). Anal. calcd for
C16H sF3N;08S: C 53.77, H 5.08, N 11.76; found C 53.74, H 5.03, N 11.72.

T BB 5 SCHER[22]4R3E — 50 MS (ESI) m/z (%): 284.2 (IM+H]", 90).
Anal. calcd for CsH3N;0S: C 63.58, H 4.62, N 14.83; found C 63.52, H
4.64,N 14.82.

B B 5 SCHR[22]403E — 2. MS (ESI) m/z (%): 298.1 ((M+H]", 76).
Anal. calcd for C;¢HsN;OS: C 64.62, H 5.08, N 14.13; found C 64.69, H
5.04, N 14.12.

W, WEEFHLAH, Jo7K NapSO, T, ELAWYE, Frfdi
FH it AR IS J2 B AT A 49 21028 B [ 4K 0.80 g e
95%. 'H NMR (DMSO-d,, 400 MHz) §: 12.57 (s, 1H,
NH), 7.99 (d, J=8.80 Hz, 2H, PhH), 7.66 (d, J=8.80 Hz,
2H, PhH), 1.52 (s, 9H, 3CH;); *C NMR (DMSO-dq, 75
MHz) d: 163.09, 157.75, 153.38, 135.13, 131.12, 129.36,
129.35, 114.50, 91.52, 83.08, 27.99; MS (ESI) m/z (%):
336 ([M—I—H]+, 25). Anal. calcd for C;sH4,CIN;O,S: C
53.65, H 4.20, N 12.51; found C 53.66, H 4.21, N 12.53.
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1.2.9  4-(4-2RH)-5-[(5-F A F e 3-F BEA) F A
R 0 W R AT BS (12) 49 A A%,

5- F 5 S I s -3 R (0.07 g, 0.55 mmol) il A\ 3|
SOCL, (30 mL)HY, SKSE[HliAE 30 min, #EH4E, A
50 mL FRORA K IOR AR 2 Ik, 15308 iRy,

#0.17 ¢ MLAEY 11 T 5 mL LS, A
Raney Ni 0.01 g. i3 GYEE 0.3 MPa < J) ~%
WAEFE 4 b I UERONV, PSRRI AR .

W F ) % G R R S N G K A& B (10 mL) e,

Chin. J. Org. Chem. 2012, 32, 601~607



Chinese Journal of Organic Chemistry

B TEA (0.10 g, 1.00 mmol), &5 IIANZ(0.17 g, 0.50
mmol). KNV E RIS, RNEE, RVEES
W4, AR EHIRY), Sul)Z2hrkaith, £33 184 mg
W E A 12a, 0K 82%. 'TH NMR (DMSO-dg, 400 MHz)
5: 11.45 (s, 1H, NH), 9.50 (t, J=5.71 Hz, 1H, NH), 7.75
(d, J=8.10 Hz, 2H, PhH), 7.51 (d, J=8.10 Hz, 2H, PhH),
6.56 (s, 1H, Isoxazole-H), 4.58 (d, J=5.71 Hz, 2H, CH,),
226 (s, 3H, CH;), 145 (s, 9H, 3CH;); “C NMR
(DMSO-ds, 75 MHz) d: 173.24, 159.49, 159.17, 159.14,
158.40, 153.46, 144.93, 133.90, 132.90, 130.81, 128.97,
125.29, 125.24, 101.91, 81.77, 36.13, 28.88, 12.41; MS
(ESI) m/z (%): 449 ((M+H]", 89). Anal. caled for
CaoH» CIN,4O,S: C 53.51, H 4.72, N 12.48; found C 53.50,
H 4.75, N 12.50.

1.2.10  N-[(2-RH-4-(4-F F A )53 F 3K )-5-F
Hh R el 3 EE A (13) 89 A A%

Bk & 12 (0.06 g, 0.14 mmol)INA FIEE R 40N
(5 mL), A2 h, R 4E R EIE A Y13
NS RERNCE % 15 N SN 7 ) e s | AN U I
NaHCO; /K¥H pH=8, H & HFiAm =, Wik
HHUZE, JoK NaySO, T, 413 45 mg B (o[ &
13, W& 93%. 1% [E A ik £ B T 45 15 B HTRE S
'H NMR (DMSO-d,, 400 MHz) d: 9.36~9.37 (m, 1H,
NH), 7.67 (d, J=8.40 Hz, 2H, PhH), 7.44 (d, J=8.40
Hz, 2H, PhH), 6.95 (s, 2H, NH,), 6.54 (s, 1H, Isoxa-
zole-H), 4.44~4.45 (m, 2H, CH,), 2.44 (s, 3H, CH;); "*C
NMR (DMSO-ds, 75 MHz) 6: 171.85, 167.07, 159.35,
146.08, 134.48, 132.43, 130.71, 128.78, 119.19, 101.90,
93.64, 36.33, 12.45; MS (ESI) m/z (%): 349.2 ((M+H]",
91). Anal. calcd for C;sH;3CIN4O,S: C 51.65, H 3.76, N
16.06; found C 51.60, H 3.75, N 16.01.

1.2.11 13a #= 13b 494 %

DL 4-(3-5 A )-5-[(5- F ik St W w3 R e ) T ]
e -2 -2 i F R T IR JsUkl, 3B EY) 13 11
G BT IE BIE D) N-[(2- 2 K5-4-(3- SR I WEMe-5 -3 )
FA 6 ]-5- FF G S M -3 I i (13), 9K S (0 il 44 'H
NMR (DMSO-d;, 400 MHz) d: 9.35-9.38 (m, 1H, NH),

7.68~7.69 (m, 1H, PhH), 7.58 ~7.62 (m, 1H, PhH),
7.37~7.44 (m, 2H, PhH), 6.95 (s, 2H, NH), 6.73 (s, 1H,
Isoxazole-H), 4.46~4.48 (m, 2H, CH,), 2.44 (s, 3H, CH3);
3C NMR (DMSO-d,, 75 MHz) 6: 171.71, 166.99, 159.25,
159.18, 145.59, 137.55, 133.47, 130.54, 128.51, 127.62,
127.46, 119.70, 101.78, 36.19, 12.32; MS (ESI) m/z (%):
349 (IM+H]", 97). Anal. caled for C;sH;5CIN,O,S: C
51.65,H 3.76, N 16.06; found C 51.60, H 3.75, N 16.01.

LA 5-[(5- H R S g -3 - P J12) FEY K 1-4- (HEEBE -4-F )
WE -2 RE G R T e A B k), ARAEAL 54 13 11
B EOTERRMA Y N-{[2-Z h-4-(ME e -4- 31k ) 1B e 5 -
FETFR L y-5- F L S g w3 B (13b), SEAE k. 'H
NMR (DMSO-ds, 400 MHz) J: 9.41 (t, J=5.62 Hz, 1H,
NH), 8.58 (d, /=6.61 Hz, 2H, PhH), 7.61 (d, J=6.61 Hz,
1H, PhH), 7.02 (s, 2H, NH,), 6.54 (s, 1H, Isoxazole-H),
4.51 (d, J=5.62 Hz, 2H, CH,), 2.44 (s, 3H, CH;); "*C
NMR (DMSO-ds, 75 MHz) ¢6: 171.91, 167.42, 159.31,
159.12, 150.10, 144.50, 142.11, 123.10, 122.10, 105.21,
37.52, 12.05; MS (ESI) m/z (%): 316.3 ((M+H]", 89).
Anal. caled for C;H3N50,S: C 53.32, H 4.16, N 22.21;
found C 53.30, H4.15, N 22.11.

2 HRSIHE

el AL E Y 4N, R T =R & BT AT H
SRR W], PRIENCR W T BRI SRR T B
EINFRI S (R 3). AP N RN Gl n L 2% 1
MACSEIR A A J, AR T 130 CIY, JOWeRs
MO ARG Al 2 i R, ik
TG, XA IR AESE P 2R W 41, SOl s, S
AR, SRNHCRAR(R 2). RATIE S B (K 5 v
FERADRIATTGIANBREE, S5 TR, b
B, WORAR. BB VA SN IR TR) R, BT A s s 4l
i, SN D, R L

FEH AR P2 f 3 e B — SRR A 1
PER, BE BugNBrs (FBIEREE, AT DA R0 > B
R A, I BB T (LCMS) i 2 — I U
PRI R, AN T 8%, SRR BLAE R SN

F 2 ANIFNELL A SN (Yo) R LE
Table 2 Comparison of the reaction yield (%) at different temperatures
Compd 80 C 100 C 110 C 120 C 130 C 140 C 150 C 160 C
b B A B A B A B A B A B A B A B
4a 89 52 83 55 88 57 91 57 90 50 81 41 71 32 63 15
4b 75 44 78 45 82 48 88 45 80 44 72 40 65 33 55 21
4c 60 55 78 56 82 56 84 55 89 50 80 42 70 32 65 26
@ A: Trritated by microwave; B: synthesized in seal tube.
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Table 3 Comparison of the reaction yield (%) at different reac-
tion conditions

Condition 4 4a 4b 4c 4d 4e 4f

Microwave 93 91 88 84 85 91 98
Seal tube 56 57 45 55 47 65 79
Reduction 62 59 50 61 64 63 59
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