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One-Pot Synthesis of 4-Thiazolidinone Derivatives Catalyzed by Zinc
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Abstract A new simple and efficient one-pot synthesis of thiazolidinone derivatives via aldehydes, amines and mercaptoace-
tic acid in the presence of Zn(OAc),-Schiff base complex immobilized on MCM-41 is described. A variety of aldehydes and
amines were engaged in the study and afforded respective thiazolidinones in high yield (up to 98%). Moreover, consistent ac-

tivity of recovered catalyst was found to be almost same up to five cycles in 80% yield.
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[i] 5 Ji5 R A%-Zn(OAc), RN = 85 kb (1 Ab — 2 53 W M ik
FRIR I B e ik 98%). RN, fEALFIMALIEIA 5 1K,
JRLFEZEAMKAR T 80%.
1 ZER5VE
1.1 REFHMIK

AR FEE(0.1 mmol). ZEHZ(0.1 mmol) K57 5k
ZI2(0.15 mmol) AAsiE R B, MARLHAE L (0.005 g), 4

£5(5 mol%), VA FHZ(0.5mL), 110 ‘CJe/% 8 h. &it

WEAR. SJEER . AR R E AT = AR
e E &5 [ S 26 88 (R 1), TRATRIL L3 B4
(Entry 4), Jf H. 5 Zn(OAc), REWS AR 4 I LHEAL S Bk AT
(Entry 7). B JG 2% 52 7 5005 NI 52 0, R IV 7 3L
LT e S B e A S B, R R (i, S
FAO)ANBEASE [ S IFF) 34T (Entries 12, 13); fEK WA
)P R P 77 2 (Entry 17); #in& @S HES
P~ 2R £ (Entry 18). J/5 5% | RSYIMECEL, XTI
VIR EAN 101515, 1012015 fF11:13:15
HHAT Tk, KB ENT 1.2 0 L5, BRI
(17 % e =i (Bntry 19). 5 280 2 1 B N 2641 2R
F % (0.1 mmol). <% (0.12 mmol) & 5% % 2. /2 (0.15
mmol) A1 L3 (0.005 g)-Zn(OAc), (5 mol%)7E F4(0.5 mL)
110 CEIYE MY 8 h.
1.2 REEYHT R

TERM A TRHT TR EEHE LR 2). HH
[, RYAI R BUAR At FE A R TR FE T R
XARBRER B TR FTEL 2 R* LB F AR
P IERIN, BRTIBE T ERIK, A5 RERE
I e B2, HLBUOAC R W r - MR R, S Bk KR AT
(Entries 2~5); 24 R' EBURIEH AT i T B, [%
I T RIS W, TR TS 552 4/ R AR s E
A% M (Entries 9~12); 24 R' il R? A o K (U X
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Table 1 Different condition effect on the reaction

Entry Catalyst Solvent Time/h Yield®/%
1 None Toluene 8 38
2 L1 Toluene 46
3 L2 Toluene 53
4 L3 Toluene 58
5 L4 Toluene 39
6 LS Toluene 40
7 L3/Zn(OAc), Toluene 79
8 L3/Cu(OAc), Toluene 58

10 L3/Zn(NOs), 45
11 Zn(OAc), Toluene 63
12 L3/Zn(0OAc), EtOH Trace
13 L3/Zn(OAc), H,O

14 L3/Zn(OAc), THF

15 L3/Zn(0OAc), AcOEt
16 L3/Zn(0OAc), CH,Cl,

Toluene

Trace
21
29

8
8
8
8
8
8
8
9 L3/Mn(OAc), Toluene 8 51
8
8
8
8
8
8
8 35

17 L3/Zn(OAc), Toluene 6/8/10 68/79/78
18¢ L3/ Zn(OAc), Toluene 8 70/65
199  L3/Zn(OAc), Toluene 8 88/86
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¢ RSk ZKRIEE(0.1 mmol). ZEA%(0.1 mmol). FidE ZH2(0.15 mmol).
T2 #4:(0.005 g) 142 )& £h(5 mol%)7E F2£(0.5 mL)H 110 °C R 8 h. * 42
PIre2. © 42J@ 4R R (10 mol%1 15 mol%). 7 34 s/ e /57 5t 7.1 1 LL 1
(1/1.2/1.5 1 1/1.3/1.5).
BRI, BEE R TR Mg K, A R g 28 i HL
PEVRSS, 45 L RE DR, SO MEIZ WY = (Entries
2~4, 9~11); BRI Z 5 RBE, 7L 2
98%;" % (Entry 8); A H HEH KRS 5 MK, HT
SR K RS, A4S S B R B 1R B 45% 177 &
(Entry 16); PR IAEE 2 5 I s NI, ] LATS
PR IF B9 77 (Entries 17, 18). &g, HAT N H#HATT
TBOR B, B S SR K 5 A5 10 f5 I, SR =2
TC 254k (Entry 19).

W JEE 5 T K S 5ROV, N AT EE
R D R T L S AR =212 (0.2 mmol/0.1
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K2 L3-Zn(OAc), “—HavE” fHEALMEMEME R R S L @
Table 2 One-pot cyclocondensation reaction of thiazolidinone
by L3-Zn(OAc),

Entry R R’ Product  Yield"/%
1 CeHs CeHs 4a 88
2 CeHs p-FCH, 4b 78
3 CeHs p-CICeH, 4c 82
4 CeHs p-BrCeH, 4d 85
5 CeHs Pp-NO,CeH, 4e 43
6 CeHs p-CH,CeH, 4f 95
7 CeHs p-CH;OCH;  4g 94
8 CeHs PhCH, 4h 98
9 p-FCH, CeHs 4i 75
10 p-CICeH, CeHs 4j 77
11 p-BrC¢H, CeHs 4k 81
12 p-NO,CeH, CeHs 4 45
13 p-CH3CeH, CeHs 4m 94
14 p-CH;0CeH,  CgHs 4n 96
15 0-CH;0C¢H;  CgHs 40 76
16¢ H CeHs 4p 45

b
17 CeHs 4q 96
N -
18 | H‘% CeHs 4r 95
=
19¢ CeHs CeH; 4a 85/87

¢ R AE: KPR EE(0.1 mmol). AE(0.12 mmol). Fi%E ZER(0.15 mmol).
L3 (0.005 g)f1 Zn(OAc), (5 mol%)fE 1 %(0.5 mL)H 110 "C FIAl3i 8 h.” 4%
JEFTFEER, ©37.0~40.0% FESIET. ¢ RS ME: R EE(0.5/1.0 mmol). 2
J1(0.6/1.2 mmol). #i3& Z.#2(0.75/1.5 mmol). L3 (0.005 g) FIE5ELEE(S mol%)
16 2£(2.5 mL/0.5 mL)H 110 C F[EIE 8 h.
0 HoN
Sak

L H SWOH

H,N 0

NH,
1 OH
H o+ s HSTY
o)
NH,

B 1

mmol/0.2 mmol). MZERFTLLE H, [E-FXf-—2K g2
5 SR ER A R T XEERE TR A ) 4y A1 dw, T
WK a2 51 R BIEF R 4x. X2 R
J 5 3 TR R I B, 133 NN- 3 R AT OR %
fitED), SRIEAIL[1,3] o TBAFE] 1,2- HURIKFFDRmE
Ffe gt
1.3 BUFINESEAM
= S5 A A 4 7 7 R ST A P O B S A A R A A

REME Z R PR, L3-Zn(OAc), E NI ML F], EE
{FAYERINASE Rk 3 B, B— IR ERUE, 18
B B AR, Ve TEREEEHT N — Ik
o B, A E A ARG, RSAK SR AT DLAS 3]
80% 7= 2.

#3 L3-Zn(OAc), I 5 M

Table 3 Reusability of L3-Zn(OAc),”

Reuse 1 st 2 nd 3rd 4 th 5th

Yield®/% 88 85 85 83 80

¢ RILGEAE: RHEE0.1 mmol). ZK%(0.12 mmol). 3% Z2(0.15 mmol)+
L3 (0.005 g)Al1 Zn(OAc), (5 mol%)7E F 2(0.5 mL)+ 110 C FE%i 8 h. ? 4
i

1.4 REZHE

BATN AR ATRERFINLEEUT Scheme 2 Fiw. fiEfL
# L3-Zn(0Ac), 532k 2 BRI IE A Y AL O—Zn S8 38 1
TR SR M, (AT N R AR R B, RE—
BRI E H AR A 4-En il 7o),

L3-Zn(OAc),

toluene, reflux, 8 h

L3-Zn(OAc),

toluene, reflux, 8 h

O
L3-Zn(OAc)2 S >\\‘
O
toluene, reflux, 8 h \\( S
(e}
aw (72%)

TRHE R BRI A RN

Scheme 1  One-pot cyclocondensation reaction of diamines
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Scheme 2 Proposed reaction mechanism for the reaction

2 Zhig

RILT — P R A R e R A1 A= 1 v,
MCM-41 [E 251 % RIEAC A L3 5 Zn(OAc), FL AL T
B FERISRIE RN,  “—4iE” BT — &5 4-
WEPRIRREE R AL S 8. fERBER IR S5 R, KIAR
2R R RT DA B 2R SRR AL A1, AR PR — b4 3
TOSUERE IR BRI =), A, AT RE RS RIS R R
AR 5 IR, M= EH PRI 275N
E FE BB AT AR B AL T A IS B ANME.

3 IEES

5

Varian inova-400 B i IR (TMS A b5, CDCly
REEF, BAA ppm); RV10 BUe i 28 kAL X-4 B &
7 S AU AU 5 A ; BRUKER EQUINXS55 2 4T /it {3y
(KBr JEF)M5E; ZF-2 BI=FRAMY; HER R i
FEAL T A= 12 ENTHERS GF 254 i1 0.6% CMC H
#l, ¥EEWEEE (200 A1 400 H). A7l A 4,
60~90 C; LWL NTITa; Vel (R T
e © VCRMEN)=1:3, 1:5; BTARFIG PR ER
Hl A B AL, Fe kiR s AT A, FRT RS
AbFE,

3.2 ZWHE

FARME A G (L 2,3- 7 2K Ji-4- TG IR I il F1 &
BCAE). #2E F#E(0.1 mmol, 0.0106 g). Z%(0.1 mmol,
0.0094 g). ik Z.#(0.15 mmol, 0.0138 g). MCM-41
U BB A L3 (0.005 g, 0.01 mmol)Fl Zn(OAc),
(0.0009 g, 0.001 mmol)i% T FZ£(0.5 mL)+, 7E 110 C
(AL S 8 h, TLC Rl ) B, [ M 5e e fa, BTN Z
BE 2,08 - VOB =1 : 510 B4k E B b=

2,3- AR FE-4-EIR KR (42)! 'Y PR 88%, F(A[H
. mp. 131~132 C (1it."™ 130~132 ‘C); '"H NMR
(400 MHz, CDCls) 6: 7.31~7.27 (m, 7H), 7.19~7.16 (m,
3H), 6.10 (d, J=1.5 Hz, 1H), 4.02~3.86 (m, 2H).

3-(4- FR AR FE )-2- F L -4- 10E 1 IR R (b)) R R
78%, HGEAR. mp. 114~116 C (lit!'"115~116 C);
'H NMR (400 MHz, CDCly) d: 7.31~7.26 (m, 5H),
7.13~7.09 (m, 2H), 6.96 (dd, J=8.8, 8.3 Hz, 2H), 6.02 (d,

3.1
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J=1.5 Hz, 1H), 4.01~3.86 (m, 2H).

3-(4- G I )-2- H I -A-WE VR (40) T . 82%,
HEE A mp. 110~111 C (it!" 110~111 C); 'H
NMR (400 MHz, CDCly) 6: 7.31~7.27 (m, 5H), 7.25~
7.20 (m, 2H), 7.13~7.11 (m, 2H), 6.06 (d, J=1.0 Hz, 1H),
4.00~3.84 (m, 2H).

3-(4-IRFEIE)-2-FE KL -4-WE IR (4d)' ) PR 85%,
FAAOE A, mp. 112~114 C (1t 115~116 C); 'H
NMR (400 MHz, CDCl;) d: 7.41~7.37 (m, 2H), 7.33~
7.25 (m, 5H), 7.08~7.05 (m, 2H), 6.06 (d, J=1.3 Hz,
1H), 4.00~3.84 (m, 2H).

3-(4- it 3 2% 3 )-2- 2% 5 -4 T I UK ] (de)' T R R
43%, #EOEAE. mp. 82~83 C (1t 81~83 C); 'H
NMR (400 MHz, CDCl3) 6: 8.14 (d, J=9.0 Hz, 2H), 7.48
(d, J=9.1 Hz, 2H), 7.26 (d, J=9.2 Hz, 5H), 6.23 (s, 1H),
3.96~3.89 (m, 2H).

3-(4- PP 3k O 3 )-0- % L -4 108 1A IR R (41 R R
95%, FME K. mp. 113~115 C (1it'"115~117 C);
'H NMR (400 MHz, CDCly) 0: 7.30~7.26 (m, 5H),
7.08~7.01 (m, 4H), 6.04 (dd, J=1.7, 0.5 Hz, 1H), 4.01~
3.84 (m, 2H), 2.24 (s, 3H).

3-(4- AR FE O 3 )-2- R I -4 W TR TR R (4! 7 7
94%, FME K. mp. 61~62 C (lit" 61~67 C); 'H
NMR (400 MHz, CDCL3) 8: 7.30~7.26 (m, 5H), 7.03 (d,
J=9.1 Hz, 2H), 6.78 (d, J=9.1 Hz, 2H), 5.98 (d, J=1.3
Hz, 1H), 4.02~3.85 (m, 2H), 3.72 (s, 3H).

3-(4- 7 3 IR I )-0- TR I -4 I DR K R (4m)! T R R
98%, [t [E & . mp. 152~153 C (it 150 ~
155 “C); '"H NMR (400 MHz, CDCl3) 6: 7.41~7.36 (m,
3H), 7.32~7.28 (m, 3H), 7.26~7.22 (m, 2H), 7.11~7.09
(m, 2H), 5.39 (d, J=1.9 Hz, 1H), 5.17 (d, J=14.7 Hz,
1H), 3.91 (dd, J=15.6, 2.0 Hz, 1H), 3.76 (d, J=15.6 Hz,
1H), 3.54 (d, J=14.7 Hz, 1H).

2-(4-FA AR HE)-3- T Fh-4-TEE R IR ) ()70 PR 75%,
HEE A mp. 132~133 C (it 132~133 C); 'H
NMR (400 MHz, CDCly) 6: 7.31~7.26 (m, 4H), 7.20~
7.12 (m, 3H), 6.97 (t, J=8.6 Hz, 2H), 6.09 (s, 1H), 4.00~
3.87 (m, 2H).

2-(4-F A HE)-3- R FE-4-E IR (4) 7 2R 77%,
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@ E A mp. 128~129 C (lit!" 128~130 C); 'H
NMR (400 MHz, CDCly) d: 7.31~7.27 (m, 3H), 7.26~
721 (m, 3H), 7.20~7.13 (m, 3H), 6.08 (d, J=1.0 Hz,
1H), 4.00~3.86 (m, 2H).

2-(A-JR I HE)-3- I -4 VMR (4k) ) 7R 81%,
F O E K. mp. 157~158 C (1t 158~159 C); 'H
NMR (400 MHz, CDCls) o: 7.42 (d, J=8.5 Hz, 2H),
7.30~7.26 (m, 2H), 7.19~7.13 (m, 5H), 6.06 (d, J=1.1
Hz, 1H), 4.00~3.86 (m, 2H).

2-(4- i 3 2 I )-3- I FE -4 10 1 AR R (AT PR R
45%, O E K. mp. 138~139 C (it 138 ~
140 °C); '"H NMR (400 MHz, CDCl;) d: 8.17~8.15 (m,
2H), 7.49~7.47 (m, 2H), 7.41~7.28 (m, 2H), 7.24~7.13
(m, 3H), 6.20 (d, J=1.3 Hz, 1H), 3.99~3.90 (m, 2H).

2-(4- H 3 2 5 )-3- % i -4 10 1o IR ) (4m)!'7: 7 R
94%, MO K. mp. 105~106 C (it!"” 104 ~
105 “C); '"H NMR (400 MHz, CDCl;) 6: 7.30~7.26 (m,
2H), 7.19~7.14 (m, 5H), 7.09 (d, J=7.9 Hz, 2H), 6.07 (d,
J=1.3 Hz, 1H), 4.00~3.84 (m, 2H), 2.29 (s, 3H).

2-(4- FVAR R TR 3L )-3- T 3 4 WE DR TR B (4m)' 7 77 R
94%, FEAE K. mp. 97~99 C (lit"97~99 C); 'H
NMR (400 MHz, CDCl;) d: 7.29~7.26 (m, 2H), 7.21~
7.18 (m, 4H), 6.83 (s, 3H), 6.06 (d, J=1.4 Hz, 1H), 4.02~
3.84 (m, 1H), 3.76 (s, 3H).

2-(2- FV AR FH 2 3k )-3- 2% ik -4 M M IR i (40) >0 7= 6
75%, B EIHCRY). 'TH NMR (400 MHz, CDCLy) 6: 7.39~
7.36 (m, 3H), 7.16~7.11 (m, 4H), 6.86~6.83 (m, 2H),
6.06 (d, J=1.4 Hz, 1H), 3.99 (dd, J=15.8, 1.6 Hz, 1H),
3.86 (dd, J=15.8, 0.5 Hz, 1H), 3.76 (s, 3H).

3- 2RI A-E VIR (4p)": PR 45%, 0 [E A,
m.p. 113~115 (it 113~114 C); '"H NMR (400 MHz,
CDCly) d: 7.38~7.43 (m, 3H), 7.22~7.28 (m, 2H),
4.81~4.83(t, J=12 Hz, 2H) , 4.8 (d, J=10.9 Hz, 1H)
3.98 (dd, J=15.8, 1.5 Hz, 1H), 3.88 (d, J=15.8 Hz, 1H)

2-(1-2E 3 )-3- 7 Jk -4-WE MR R I (4q) P> P2 3R 96%,
HEOHARY). "TH NMR (400 MHz, CDCl3) d: 7.97 (s, 1H),
7.90 (d, J=7.5 Hz, 1H), 7.80 (d, J=8.0 Hz, 1H), 7.58~
7.52 (m, 2H), 7.47~7.34 (m, 4H), 7.27~7.26 (m, 1H),
7.24~7.22 (m, 1H), 7.17~7.07 (m, 1H), 6.86 (s, 1H),
3.96 (d, J=15.9 Hz, 1H), 3.87 (s, 1H).

2-(2-MHE g ) -3 - -4 AL R ] (4r) ' T 23R 959%,
B FE A, mp. 152~155 C (1t 152~153 C); 'H
NMR (400 MHz, CDCl;) d: 8.58~8.54 (m, 1H), 7.67~
7.64 (m, 1H), 7.30~7.27 (m, 4H), 7.25~7.18 (m, 3H),
6.14 (s, 1H), 4.07 (d, J=1.5 Hz, 1H), 3.80 (d, J=15.6 Hz,

1946 http://sioc-journal.cn/
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1H).

1- B2 R BV H-ZE IR [k (dx)! 7 PR 64%,
H @A, mp. 133~134 C (it 130~131 C); 'H
NMR (400 MHz, CDCly) o: 7.88 (d, J=8.0 Hz, 1H),
7.71~7.68 (m, 2H), 7.47~7.45 (m, 3H), 7.34~7.30 (m,
4H), 7.26~7.22 (m, 2H), 7.12~7.10 (m, 2H), 5.47 (s,
2H).

3,3-(1,3- 30 2 5E) = (2- 2% Fk -4- W AL TR T ) ()2 72
K 58%, FOMEAMR. mp.>300 C (1it'">300 C); 'H
NMR (400 MHz, CDCl;) o: 7.31~7.27 (m, 4H), 7.25~
7.22 (m, 2H), 7.22~7.11 (m, 2H), 7.01~6.95 (m, 6H),
6.00 (d, J=4.0 Hz, 2H), 3.98~3.89 (m, 2H), 3.84~3.77
(m, 2H).

3,3'-(1,4- 07 K3 ) = (2- 2 F -4- e MR IR R ) (4wn) ' 7 7=
R 72%, HOE K. mp. 251~253 C (it 252~
254 °C); 'TH NMR (400 MHz, CDCly) d: 7.33~7.28 (s,
4H), 7.24~7.17 (m, 4H), 7.12 (d, J=2.2 Hz, 2H), 6.87 (d,
J=8.5 Hz, 1H), 6.56 (d, J=8.3 Hz, 1H), 6.03~5.91 (m,
2H), 5.35 (s, 1H), 4.04~3.73 (m, 5H).

4 Bi#1 8 (Supporting Information) L&) 4a~4r
Ax~aw [PRZREIREE B X SephkE AT DL 4 9 AT
3 (http://sioc-journal.cn/) I T %K.
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