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A Novel and Green Method for the Synthesis of 4-Thiazolidinones
with the Sources of 2-Chloroacetamide and Thioureas
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Abstract A novel, green synthetic method for 4-thiazolidinones in the ionic liquids was reported. 4-Thiazolidinones were
prepared with the sources of substituted thioureas and 2-chloroacetamide in the ionic liquids. This method offers several ad-
vantages like high yield, short reaction time and mild reaction conditions. The reaction mechanism was studied and the result
showed that ammonia was removed in the reaction, which was the first reported.
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B 1 4R MR (1) 4% S ik 2K
Figure 1 Synthetic methods of 4-thiazolinone
b SEG AT RN, BN SN A EVE R, A D A R PRk o j\ R o
\ ™ o LB o . N N - [emim]BF,
hRENN, PR, TR MBI R 1 R (R 1, ©)Lu N el S
2 a C
I ~
51 5~8). 1 2 80°C/1 h

R AFZKMT 3a 5 HEs R
Table 1 Synthetic results of 3a under different reaction condi-
tions

No. il fiEfbR  WEEE/C O E/A PER%
1 EtOH — 80 2 —
2 EtOH NaOAc 80 2 —
3  CH3;COCH; NaOAc 30 2 —
4 CH;COCH; Et;N 30 1 30
5 [emim]SCN NaOAc 80 1 68
6 [emim]BF;  NaOAc 80 1 74
7 [emim]BF;  EN 80 1 20
8 [emim]BF,; CH3COOH 80 2 —
0.2 mmol #it/Ik, 0.24 mmol 2-5 Z %, 0.3 mmol #AL7, 1.0 mL %57

AR 88 075 128 FCA (1) S N 48 A, A [) PR I Ao R 0 12
M5 2-F O Wk R 2 B ek AT O, 34175 24
I ER) 3= AR -2 2 P9 TV 2 -4 - I AR 1. 5 8 &85 SR 4
R 2. NFR 2 nT LI H T B FH 2K FE S IR 1) R R[4
MR TR B A AR TS BN, TG 16 77 36 Ayl i1
A (491 g B <7 2% )3 2 ARt vl S A (481 R ),
A] LAV (A5 20 H ARGS9, e I 24 15k
RN T BALL 62% MR 2 H s SR 2, &A1
8).

BAEBMNZRT N-BUREIRS 2-5 SBERL J N-X)
FARIE2-F OB N N, OV E5 g 3. Ik 3 mlLL
F b, SRR 2-F S R N T LA AE DL il
B2 I EY), N-DACDS B R EEmIRE N-X &R
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Figure 2 Synthetic route of 3-substituted-2-benzoylimino-4-
thiazolinones

K2 3a~3h GRS
Table 2 Synthetic results of 3a~3h in ionic liquids

F5 R ) %
1 4-NO,C4H, 3a 74
2 4-CH,C4H, 3b 71
3 2-FC¢H,4 3c 80
4 3-CIC¢H, 3d 75
5 1-Naphthyl 3e 79
6 2-CIC¢H, 3f 74
7 4-CIC¢H, 3g 73
8 N-Butyl 3h 62

“0.2 mmol fiifix, 0.24 mmol 2-% L /%, 0.3 mmol NaOAc, 1.0 mL

[emim]BF,, 80 C, 1 h.

B -2- S Lt i e 1) AT DL DU v AL 3 4 21 H A 4.

Hal i S A0 BT U, S N AR AR BRE A N-X) SR

BE-2- G0 S HE IS S N HE N 2500 2t i 525 By 3R AT
MSEEG W] LUE H, AT 2-5 SBER% A Jsokk S

(MR Bt R AE 18 TR T HEA T IR 5 B 2- 07 2 k-4 e e
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K3 2-75 5 H-4-WEVEIRKER 3i~3n (175
Table 3 Synthesis of 2-arylamino-thiazol-4(5H)-ones 3i~3n

S o NHR'
emim]BF,/NaOAc
SN * C'QLN/R2 [ I80]°C41 h NJ\S
RTHN™ “NH, N : -
(o]
F5 R! R? T ER%
1 4-CIC¢H, H 3i 75
2 1-Naphthyl H 3j 66
3 PhCH, 4-CIC4H, 3k 85"
4 4-CH;C4H, 4-CICeH, 3l 87"
5 2-FC¢H,  4-CICeH, 3m 83"
6 3-CIC¢H, 4-CIC¢H, 3n 78"

“0.2 mmol fiflk, 0.24 mmol 2-% Z#if%, 0.3 mmol NaOAc, 1.0 mL
[emim]BF4, 80 ‘C, 1h;°60 C,0.5h.

BRI 3~ A2 24 F I IV flc B -4 - W AR R ] P 285 4- I e
WK ] £14) J5 S8 LAY i 2 I TR, 7 B8 vy, i A 3 ] 5

WA ROSCI A, 8 AT LR O 3 R A
H, 1R [emim|BF, (75 A" —483 b5, K,
R CBEAEU= ), AR B KA, 1T i 9 25 B 7K
KK, B &R AE, [RDRCH HLA, FJEK
TR EREE T, U8, IR BRI, K Db #E s
() [emim|BE, PR/ T 3a 94K, EEFMM 4 Wk, 7%
KA W EAN, g5 ILE 4.

R a4 B RARIDRG GRS WV 45

Table 4 Reactions after ionic liquid recycle

MEIRIREL 1 2 3 4
PR Y% 74 72 72 73

AT N-BARBRIR S 2-50 S BRRAE 3 T iR
N AT BEALEREEAT T8R0T, HEMZ S NAT P b ] 8 S .
DiFR(E 3), B4 N-BURELIR Y 2-3 SBERdEAT S22 B
RIS, AR rT e A A, AR5 T8 L BE G AT 3 I 2
KR H bR 3. TR RIEA PR Re, — P
WEFEM NH, SEBEREIAERIE, e O, FRlRE Ak
I (path a); 55— P& BERGH NH, BEBOW & 0%,
N, 25 (path b). S 7 kW B 20 ok
W, A28 T H N-BURHR IR RN N-(4- 508 5E)-2- 3 Lk
AR 3 AR AT O, I GC-MS BRESASI, K
B AR SR AR (B 4), 2R WY S i 5
X EIR MR AE R H AR AW, 45 A ek R & &
PSS, BN N-BRBRIR Y 2-5 S s . B
(2R T I a2, L AL T RE N I 3, path
a.

H T LRI A B 4- R IR A 25 Ak A A 1R K
Sy, RSCEH T @i # g vh 55k, S T H 2-F
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Figure 3 Mechanism study
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Figure 4 Reaction of 2-chloro-N-(4-chlorophenyl)acetamide
with thioureas
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Table 5 Calculated total energies in gas phase of different compound

SN Y JN Y.
N7 s/\WNHZ N7 S”erH N)\s”jr
A-2

A1 A-3

Q//(jmft/mﬁﬁijij/T/T:l

A-4

75 A-1 A-2

A-3 A-4 A-5

E+ZPEY/(kJemol ") —987.11584 —1006.99178

—1085.56406 —1391.35610 —1677.69893

¢ ZPE: zero-point correction energy.

REBR RS 2-50 LI S5 i A-TAE Ak i e X, T AT ]
FEB TR, ARSIl T B A PR 4- T b
WA S 82, Sy 4-WEMERR I DAL S 10 0 5 e 1t 17— Pl g
il Hax (bt Jrik.

2 Zi

ﬁiﬁﬁ?~ﬁ&%?ﬁ%mmmmu¢u2%a
Bl 2 5 (CHOA )t JUR Ay SRk I, 17 3 308 A7 L 751 v G ik e
BRKIR, BT AL K 4-WERRIbR A 1) 8 77 7%
GITIERAT RN T, F= R, Ja b, bR
%%@% H & FARAE A R RN A, B

B ATy FERNEINF ] ARSI E FH 0T, O 4-188
WA BK I IS Ak A5 0 1) I A T — P T (8 L2k b 1) T
w5 I HE B mR S N-BUR-2-50 L e i S v,
I N R SRR, B HEHEAT I RO S B
e — R B ek et iz

3 ZEEH
3.1 UEHIKF

Kt 3L R &% R 1] Bruker 400 MHz 2% RESEHRACI
%E(CDCL; A7, TMS i W r); 4058 Nicolet NEXUS
470 FT-IR B4 2 (KBr Jk Jv); HRMS i Bruker Dal-
tonics Apex III i 37 748 46 £ - [B] g 2L o 1% A3 ) o
P45 500 8 FAIAS S A s AN, W T R A AR IE. Fﬁﬁ
WAV A2l BREERI UL Ah, ASAb B AT
3.2 WHE
32,1 3-BAR-2-3K T BRI g Ak 4w v bk B 49 B~ AR,

DL 3- 5% i 27 8 -2 2R I IV fi 5 -4- WEE Ak R ) (3 )
(P A, £ 25 mL PG i 0.060 g (0.20
mmol) N- filf Jk 25 N4 RS IR, 0.022 g (0.24
mmol) 2-A LBE%, 1 mL [emim]BF,, 0.025 g (0.30
mmol) NaOAc, 80 ‘C Rtk 1 h (JeW ] TLC #RER), &

SEOE RNV 20 mL /K, ZR ZBEAEI(10
mL><3) AW TE/K MgSO, T, 785k 1R L. BE1S
b, FEREIT VA B - (R ZBE)=3 © 113 3-

764 http://sioc-journal.cn/
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o IR I -2 2K FH I I e e -4- T M ) (3), 77 74%.
WA, mp. 230~231 C (it 225~227 'C); 'H
NMR (ds-DMSO, 400 MHz) &: 4.19 (s, 2H), 7.45~7.89
(m, 7H), 8.46 (d, J=6.0 Hz, 2H); IR (KBr) v: 3080, 1729,
1640, 1513, 1350, 1085, 705 cm .

3500 R R -2 2% F R P fic -4 - W IR ) (3b): ¥ 2
4, m.p. 228~230 C (lit."" 225~227 *C); '"H NMR
(CDClLs, 400 MHz) o: 2.84 (s, 3H), 3.40 (s, 2H), 7.26~
7.52 (m, 7H), 8.03 (d, J=7.6 Hz, 2H); IR (KBr) v: 2957,
1744, 1639, 1497, 1196, 1087, 724 cm .

3- AR G AR H-2- 2 F O e -4 WE PRIAR I (3c): 7% B
4K, mp. 197~199 C (it 156~157 “C); 'H NMR
(CDCls, 400 MHz) &: 4.02 (q, J=18 Hz, 2H), 7.29~7.39
(m, 5H), 7.48~7.54 (m, 2H), 7.98 (d, J=7.6 Hz, 2H); IR
(KBr) v: 3000, 1747, 1633, 1499, 1204, 1087, 715 cm ™.

3-[7) S AR F -2 2 IR I e -4 - E MR ] (3): 4%
44K, m.p. 184~185 C (1it.'"¥ 170~171 “C); 'H NMR
(CDClLs, 400 MHz) d: 4.00 (s, 2H), 7.28~7.41 (m, 4H),
7.50~7.54 (m, 3H), 8.01 (d, J=8.0 Hz, 2H); IR (KBr) v:
2989, 1735, 1637, 1501, 1203, 1086, 712 cm ™.

3-(1-Z85)-2- % F I I e ik -4- WO IR ] (3e): 9% i
@ [H 4K, mp. 159~160 ‘C; 'H NMR (CDCls, 400 MHz) §:
4.09~422 (m, 2H), 7.22~8.08 (m, 12H); *C NMR
(CDCL, 100 MHz) d: 33.4, 121.9, 125.5, 126.5, 126.6,
127.4, 128.7, 129.3, 130.0, 130.3, 131.6, 133.1, 134.4,
134.8, 171.8, 172.5; IR (KBr) v: 2967, 1735, 1643, 1511,
1201 cm~'. HRMS caled for C,HsN,O,S 346.0776,
found 346.0779.

3- AP AR -2 T P I D Ji -4 - WIE AR BR ] (36): % %
4 [H4K, m.p. 183~184 ‘C; 'H NMR (CDCls, 400 MHz) §:
4.02 (q, J=18 Hz, 2H), 7.29~7.54 (m, 7H), 7.98 (d, J=
7.6 Hz, 2H); C NMR (CDCls;, 100 MHz) §: 33.2, 127.9,
128.3, 130.1, 130.2, 130.4, 131.0, 132.5, 132.7, 133.2,
134.9, 171.1, 171.5, 177.3; IR (KBr) v: 3000, 1747, 1633,
1499, 1204, 1087, 715 cm . HRMS calcd for C¢H,,Cl-
N,0,S 330.0230, found 330.0228.

Chin. J. Org. Chem. 2014, 34, 761~766
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350 R IE-2- 2K FHY B D G ik -4- E S BRR i (3): - 11 €
[l 44, m.p. 209~210 C (lit."* 202~204 ‘C); '"H NMR
(CDCls, 400 MHz) 6: 3.99 (s, 2H), 7.26~7.55 (m, 7H),
8.00 (d, J=8.0 Hz, 2H); IR (KBr) v: 2975, 1742, 1628,
1500, 1494, 1084, 716 cm ™.

3-1E T 3822 I I e -4 -WE ME bR Il (3h): ¥R B
44, m.p. 120~121 C; "H NMR (CDCl;, 400 MHz) o:
1.00 (d, J=7.6 Hz, 3H), 1.41~1.46 (m, 2H), 1.74~1.78
(m, 2H), 3.82 (s, 2H), 4.01 (t, J=7.2 Hz, 3H) 7.48~7.59
(m, 3H), 8.28 (d, J=7.2 Hz, 2H); *C NMR (CDCl, 100
MHz) §: 13.7, 20.1, 29.4, 33.1, 44.1, 128.4, 130.0, 133.2,
135.3, 172.7, 173.2, 177.5; IR (KBr) v: 2959, 1731, 1635,
1502, 1213, 1095, 716 cm'. HRMS caled for C;4H;¢N,-
0,8 276.0932, found 276.0930.
322  2-3F RI-4--E L ARER 695 A,

DL 20 SRUAR B4 -4 - W AR ) (31) FH 206 F R 2 k-
A-TEEPEIRR I (3) 1) 75 i Ky 81

7 25 mL P B N 0.037 g (0.20 mmol) N-5
SUORELBRIR, 0.022 g (0.24 mmol) 2-F ZMEfZ, 1 mL
[Emim]BF,, 0.025 g (0.30 mmol ) NaOAc, 80 ‘C FHi#k 1
h (RS TLC BRER), SN4E S ) [ NI 20 mL
K, I8 OTHE(10 mL X 3)AH, A JE/K MgSO, T
e KR CTR GRS AL, RIS ENT 20 3 [ VCH M)
VIR CTR)=2 1], 14 2-%F SURZ -4- 158 ORI (3i),
FEET5%. B AR, mop. 219~220 C (it 217~218
‘C); '"H NMR (CDCls, 400 MHz) 6: 3.90 (s, 2H), 7.09 (d,
J=8.0 Hz, 2H), 7.36 (d, 2H, J=8.4 Hz); IR (KBr) v: 3268,
1731, 1723, 1615, 1492, 1194, 816 cm .

2-(1-ZE 5 F)-4-WE MR IRR A (3f): ¥ 2 [l 44, mup. 186~
187 C (1it."® 184 C); 'H NMR (DMSO-d, 400 MHz) ¢:
3.97 (s, 2H), 7.04~7.93 (m, 7H), 8.30 (s, 0.08H), 11.98 (s,
0.88H); IR (KBr) v: 3133, 1689, 1573, 1420, 1228, 778

le

7 25 mL [H B H I 0.033 g (0.20 mmol) N-5Xf
IR IR LRI IR, 0.045 g (0.22 mmol) N-Xf S K F-2-5 2,
%, 1 mL [emim]BF,, 0.020 g (0.24 mmol) NaOAc, 60
TR 0.5 h, RVEE S ) RSB 20 mL K, £
12 LPEAEI(10 mL X 3), IR TGK MgSO, T4, 7%
b 12 CBRAA A, RERSENT 2 B V(A ) - (LR
LME)=2 1 1], 15 2-%F HI ARG H-4-BE MU I (31), 772
87%. WL fali 44, mp. 181~183 C (lit.*” 179.2~
179.3 “C); 'H NMR (CDCl;, 400 MHz) &: 2.36 (s, 3H),
3.86 (s, 2H), 7.14~7.20 (m, 4H); IR (KBr) v: 3269, 3015,
1673, 1636, 1495, 1272, 1181, 819 cm .

2- G -4 IE IR IR I (3K): B A [E 4K, mup. 187~

Chin. J. Org. Chem. 2014, 34, 761~766
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189 °C (1it."” 188 “C); '"H NMR (CDCl;, 400 MHz) ¢: 3.85
(s, 2H), 4.52 (s, 2H), 7.32~7.40 (m, 5H); IR (KBr) v:
3205, 1697, 1592, 1255, 119, 105, 754 cm ™.

2- BB R 2 F -4- VBE R AR I (3m): B €4 [E] 4K, mup.
142~144 °C; "H NMR (CDCls, 400 MHz) §: 3.88 (s, 2H),
7.12~7.14 (m, 4H); *C NMR (CDCls, 100 MHz) §: 35.0,
116.6, 116.6, 123.9, 124.6, 126.9, 127.0, 133.0, 153.5,
155.8, 162.8, 174.3; IR (KBr) v: 3423, 2981, 1734, 1637,
1493, 1235, 1181, 758 cm™'. HRMS calcd for CoH,FN,OS
(M") 210.0263, found 210.0262.

2- ) SR 24 KL -4- E W IRR I (3m): [ £A [T AR, mup.
183.5~185 ‘C (lit.*" 181 ‘C); 'H NMR (CDCls, 400
MHz) 6: 3.91 (s, 2H), 7.02~7.34 (m, 4H); IR (KBr) v:
3423,2981, 1734, 1637, 1493, 1235, 1181, 758 cm ™ .

4 A1kl (Supporting Information) i 5411 'H
NMR F1 BC NMR. 3% 8644 FLA] LL G 2 A AS ] 9 3
(http://sioc-journal.cn/) I~ #%.
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