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An Efficient Synthesis of 2,3-Dihydrothiophene Derivatives from
Four-Component Reactions under Catalyst-Free Conditions
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Abstract An efficient synthesis of 2,3-dihydrothiophene derivatives by the four-component reactions of aromatic aldehydes,
thiazolidine-2,4-dione, malononitrile and pyridin-3-ylmethanamine has been reported. This reaction could be carried out
smoothly without using any other catalysts in ethanol (95%) and the aromatic heterocyclic amine (pyridin-3-ylmethanamine)
was first used for the synthesis of 2,3-dihydrothiophene derivatives. The advantages of this procure were mild reaction condi-
tions, easy operation, and high yields. The products were identified by IR, '"H NMR and HRMS.

Keywords thiophene; thiazolidine-2,4-dione; pyridin-3-ylmethanamine; four-component reactions
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CN X
ArCHO + SXNH + < + ‘ NH, CoHsOH
1 ‘\( CN N"
3
2O 4
Ar %N
HN
HoN S

5

5a: Ar=2-FCgH,4, 5b: Ar=3-FCgH,, 5¢c: Ar=4-FCg¢H4, 5d: Ar=
2-CICgH4, 5e: Ar = 4-CICgH4, 5f: Ar = 2,4-Cl,CeH;, 5g: Ar =
4-CH305H4, 5h: Ar=3,4-(CH3)2CeH3, 5i: AI’ZZ-CH3OCGH4, 5] Ar=
3'CH3OCsH4, 5k: Ar:4-CH3OC6H4, 5l: Ar:2,5-(CH30)2C5H3, 5m:
Ar:3,4-(CH3O)zCGH3

1 SRIEERS
1.1 XEEFARF

P8 s 8 AF AL BG4I TXS &
B S AT S (IR R &K IE ), 44 e i R
FT/IR-8101 RLTAMETEACIN 2 (KBr & F); B R
K H Bruker-300 MHz ZY iR HEHR AN 2, DMSO-d;
HEH], TMS R, @2 #EE R Bruker micrO-
TOF-Q-11 & 73 # Uil A sE 5 v G038 24 3 A 2 %
ez 2, Al TR & 2liAL.
1.2 23-ZSEMITEME B

F5 (1.0 mmol), 2,4-BEMLE (1.0 mmol), A
Ji5(1.2 mmol), 3-MEiE H fZ(1.0 mmol), 95% L EE(10 mL)
JAE 50 mL BRI+, 80 C MW Z) 3~4 h, TLC Kl
RV IERE, RN SERUE AARA R, AT, S,
/D511 95% EtOH Pk T4, A HalEik s.

1-(5- 28 H-4- T L -3-(2- J A 3 )-2,3- & gy -2-
T )-3-(3-Nk e L) IR (Sa): A, =% 75%. m.p.
207~208 ‘C; '"H NMR (300 MHz, DMSO-dj) J: 4.16 (s,
1H, CH), 4.40 (s, 2H, NCH,), 4.90 (s, 1H, CH), 7.22~
7.42 (m, 7H, AtH+NH,), 7.73 (d, J=7.2 Hz, 1H, ArH),
8.48 (d, J=3.3 Hz, 1H, ArH), 8.55 (s, 1H, ArH), 8.74 (s,
1H, NH), 10.62 (s, 1H, NH); IR (KBr) v: 3317, 3194,
2937, 2361, 2341, 2185, 1699, 1656, 1583, 1541, 1487,
1456, 1428, 1364, 1307, 1233, 1191, 1095, 1045, 972, 877,
838, 818, 793, 759, 711, 639, 618, 527 cm '. HRMS calcd
for CoH,cFN;50,S 397.1009, found 397.0988.

1-(5- 2 3 -4- A -3-(3- A I )-2,3- A EWy -2-Ff
P )-3-(3-RH e FH DR (Sb): (G4, 773 78%. m.p.
205~206 °‘C; '"H NMR (300 MHz, DMSO-dj) J: 3.68 (s,
1H, CH), 3.96 (s, 2H, NCH,), 4.17 (s, 1H, CH), 6.68~
6.75 (m, 3H, ArH), 6.88~7.00 (m, 4H, ArH+NH,), 7.28
(d, J=5.7 Hz, 1H, ArH), 8.01~8.12 (m, 2H, ArH), 8.33
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(s, 1H, NH), 10.09 (s, 1H, NH); IR (KBr) v: 3313, 3200,
2968, 2361, 2187, 1697, 1649, 1586, 1558, 1508, 1487,
1457, 1429, 1362, 1339, 1241, 1195, 1056, 790, 669, 656
cm . HRMS caled for C;oH;sFNsO,S 397.1009, found
397.0979.

1-(5- 2 F-4- AL -3-(4- B R 3 )-2,3- & ey -2-
P )-3-(3-RH e FHED AR (Se): G AR, 77 81%. m.p.
225~226 ‘C; '"H NMR (300 MHz) d: 3.70 (s, 1H, CH),
4.01 (t, J=4.2 Hz, 2H, NCH,), 4.20 (s, 1H, CH), 6.82~
6.96 (m, 7H, AtH+NH,), 7.74 (t, J=7.8 Hz, 1H, ArH),
8.08 (s, 1H, ArH), 8.15 (d, J=2.7 Hz, 1H, ArH), 8.35 (s,
1H, NH), 10.52 (s, 1H, NH); IR (KBr) v: 3421, 3334,
3203, 2361, 2185, 1733, 1697, 1647, 1591, 1542, 1508,
1474, 1457, 1431, 1362, 1188, 669, 655 cm '. HRMS
caled for C1oH;4FN;50,S 397.1009, found 397.0983.

1-(5- A ke -4- Uk -3-(2- S R Ok )-2,3- A Wy -2-
Bk E)-3-(3-RE i L) BR(5d): I 1A, 773 76%. m.p.
229~230 °C; '"H NMR (300 MHz, DMSO-dg) d: 3.99 (s,
1H, CH), 4.41 (d, J=3.0 Hz, 2H, NCH,), 4.97 (s, 1H, CH),
7.35~7.46 (m, 7H, AtH+NH,), 7.74 (d, J=6.9 Hz, 1H,
ArH), 8.49 (d, J=3.9 Hz, 1H, ArH), 8.56 (s, 1H, ArH),
8.79 (s, 1H, NH), 10.64 (s, 1H, NH); IR (KBr) v: 3188,
2361, 2341, 2176, 1696, 1646, 1541, 1362, 1192, 757, 669
cm . HRMS caled for CioH;CINsNaO,S [M + Na]™
436.0611, found 436.0604.

1-(5- A ke -4- U ke -3-(4- SR Ik )-2,3- A Wy -2-
P )-3-(3-NH e D) R (Se): A6 E A, 77K 81%. m.p.
233~234 °C; '"H NMR (300 MHz) 6: 3.98 (s, 1H, CH),
441 (d, J=5.7 Hz, 2H, NCH,), 4.96 (s, 1H, CH), 7.38~
7.45 (m, 6H, AtH+NH,), 7.54 (d, J=7.8 Hz, 1H, ArH),
7.74 (d, J=7.8 Hz, 1H, ArH), 8.49 (dd, J=4.8, 1.2 Hz,
1H, ArH), 8.55 (s, 1H, ArH), 8.78 (s, 1H, NH), 10.62 (s,
1H, NH); IR (KBr) v: 3334, 3195, 2361, 2193, 1687, 1652,
1578, 1542, 1521, 1473, 1429, 1364, 1338, 1246, 1190,
1038, 669, 650, 617 cm '. HRMS caled for CjoH;¢Cl-
N5NaO,S [M+Na]" 436.0611, found 436.0620.

1-(5-B ik -4- e -3-(2,4- — SR HE)-2,3- — A BEWy -2-
FA PR 366 )-3-(3- ML e F ) IR (S6): (1B [ AR, 725 73%.
m.p. 229~230 ‘C; 'H NMR (300 MHz) 6: 3.99 (s, 1H,
CH), 4.40 (s, 2H, NCH,), 4.94 (s, 1H, CH), 7.32~7.55 (m,
5H, ArH+NH,), 7.72 (t, J=6.6 Hz, 2H, ArH), 8.48 (d,
J=1.8 Hz, 1H, ArH), 8.55 (s, 1H, ArH), 8.75 (s, 1H, NH),
10.62 (s, 1H, NH); IR (KBr) v: 3364, 3301, 3179, 2973,
2361, 2341, 2181, 1691, 1649, 1575, 1557, 1525, 1502,
1466, 1426, 1384, 1362, 1329, 1293, 1275, 1233, 1192,
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1100, 1048, 979, 897, 869, 822, 794, 741, 716, 598, 516
cm . HRMS caled for CoH;sCLNsNaO,S [M~+Na]™
470.0221, found 470.0200.

1-(5-F Fe-4- K -3-(4- FH LR HE)-2,3- A ey -2-
R 3)-3-(3-PIL B ) IR (Sg): 44, 7= 85%.
m.p. 197~198 ‘C; 'H NMR (300 MHz) d: 2.02 (s, 3H,
CH;), 3.81 (s, 1H, CH), 4.12 (d, J=3.0 Hz, 2H, NCH,),
426 (d, J=2.4 Hz, 1H, CH), 6.90~6.93 (m, 6H, ArH+
NH,), 7.11 (d, J=3.9 Hz, 1H, ArH), 7.45 (s, 1H, ArH),
8.21 (s, 1H, ArH), 8.27 (d, J=2.7 Hz, 1H, ArH), 8.48 (s,
1H, NH), 10.25 (s, 1H, NH); IR (KBr) v: 3567, 3380,
3300, 3210, 3180, 2361, 2172, 1749, 1699, 1685, 1647,
1636, 1577, 1558, 1542, 1522, 1508, 1474, 1457, 1419,
669, 651 cm . HRMS calcd for ChoH sNsNaO,S [M+
Na]" 416.1157, found 416.1133.

1-(5- % Hk -4- T -3-(3,4- — AR R0 )-2,3- A e
Wy -2- F R 56 )-3-(3- Ik e FH ) IR (Sh): - 1 8 [l =6
78%. m.p. 225~226 ‘C; 'H NMR (300 MHz) J: 2.20 (d,
J=42 Hz, 6H, 2XCH;), 4.14 (s, 1H, CH), 4.42 (s, 2H,
NCH,), 4.55 (d, J=3.0 Hz, 1H, CH), 7.03 (d, J=7.5 Hz,
1H, ArH), 7.09 (s, 1H, ArH), 7.14 (d, J=7.5 Hz, 1H,
ArH), 7.22 (s, 2H, NH,), 7.36 (dd, J=5.1, 7.5 Hz, 1H,
ArH), 7.73 (d, J=7.8 Hz, 1H, ArH), 8.49 (d, J=4.5 Hz,
1H, ArH), 8.56 (s, 1H, ArH), 8.78 (s, 1H, NH), 10.56 (s,
1H, NH); IR (KBr) v: 3444, 3321, 3223, 2967, 2360, 2341,
2173, 1704, 1624, 1585, 1556, 1495, 1426, 1357, 1337,
1301, 1257, 1224, 1189, 1124, 1025, 980, 880, 816, 764,
748, 709, 655, 597, 544 cm . HRMS caled for C,Hy Ns-
NaO,S [M+Na]" 430.1314, found 430.1299.

1-(5- 2 -4 FE-3-(2- 4 ik 2K 0k )-2,3- - A ey -
2- FE L )-3-(3-Ibme B IR (Si): (A, 775 75%.
m.p. 222~223 ‘C; 'H NMR (300 MHz) 6: 3.78 (s, 3H,
OCHs3), 3.95 (s, 1H, CH), 4.43 (t, J=5.4 Hz, 2H, NCH,),
4.88 (s, 1H, CH), 6.98~7.07 (m, 2H, ArH), 7.30 (2, 2H,
NH,), 7.32~7.41 (m, 2H, ArH), 7.76 (d, J=7.8 Hz, 1H,
ArH), 7.97 (s, 1H, ArH), 8.51 (d, J=4.5 Hz, 1H, ArH),
8.57 (s, 1H, ArH), 8.83 (s, 1H, NH), 10.53 (s, 1H, NH); IR
(KBr) v: 3370, 3318, 3202, 2932, 2361, 2177, 1682, 1652,
1635, 1582, 1532, 1489, 1459, 1438, 1391, 1341, 1315,
1287, 1243, 1193, 1099, 1049, 1026, 754, 717, 669 cm .
HRMS caled for C,oH;oNsNaO;S [M+Na]* 432.1106,
found 432.1088.

1-(5- 2 Hs-4- T -3-(3- F AR L DR BE)-2,3- A ey -
2- F R IE)-3-(3- ki MR (5)): A, 723K 77%.
m.p. 200~201 “C; 'H NMR (300 MHz) 6: 3.76 (s, 3H,
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OCHj3), 4.14 (s, 1H, CH), 4.40 (t, J=4.8 Hz, 2H, NCH,),
4.57 (d, J=1.8 Hz, 1H, CH), 6.90 (s, 3H, ArH), 7.24 (s,
2H, NH,), 7.28~7.39 (m, 2H, ArH), 7.73 (d, J=7.5 Hz,
1H, ArH), 8.49 (d, J=3.9 Hz, 1H, ArH), 8.56 (s, 1H,
ArH), 8.76 (s, 1H, NH), 10.52 (s, 1H, NH); IR (KBr) v:
3315, 3202, 2361, 2341, 2185, 1688, 1652, 1590, 1542,
1508, 1489, 1457, 1420, 1339, 1271, 1193, 1052, 788, 669
cm '; HRMS caled for CyH;oNsNaO;S [M + Na]
432.1106, found 432.1079.

1-(5- 24 H-4- Tk -3-(4- P A R 0 )-2,3- A ey -
2-FHERSE)-3-(3-ntk e H L) IR (Sk): P LA, 773 80%.
m.p. 188~189 “C; 'H NMR (300 MHz) 6: 3.75 (s, 3H,
OCHj3), 3.83 (s, 1H, CH), 4.40 (t, J=4.8 Hz, 2H, NCH,),
4.53 (s, 1H, CH), 6.94 (d, J=8.7 Hz, 2H, ArH), 7.20 (s,
2H, NH,), (t, J=8.7 Hz, 2H, ArH), 7.37 (dd, J=4.8, 7.5
Hz, 1H, ArH), 7.74 (t, J=7.8 Hz, 1H, ArH), 8.48 (d, J=
3.6 Hz, 1H, ArH), 8.54 (d, J=1.5 Hz, 1H, ArH), 8.75 (s,
1H, NH), 10.52 (s, 1H, NH); IR (KBr) v: 3324, 2361,
2182, 1698, 1647, 1577, 1541, 1509, 1457, 1429, 1339,
1248, 1176, 1032, 832, 669, 651 cm '. HRMS calcd for
CroH oNsNaO;S [M+Na] " 432.1106, found 432.1090.

1-(5-28 HE-4- T Ak -3-(2,5- = AU R0 )-2,3- 4
Wy -2- R 25 )-3-(3- Mk e FH ) IR (S): 1 ([ 4, =
82%. m.p. 213~214 C; '"H NMR (300 MHz) J: 3.71 (s,
3H, OCHa), 3.73 (s, 3H, OCH3), 3.95 (s, 1H, CH), 4.43 (d,
J=5.4 Hz, 2H, NCH,), 4.83 (s, 1H, CH), 6.73 (d, J=2.4
Hz, 1H, ArH), 6.88 (dd, J=2.7, 8.7 Hz, 1H, ArH), 6.98 (d,
J=9.0 Hz, 1H, ArH), 7.31 (s, 2H, NH,), 7.38 (dd, J=4.8,
7.5 Hz, 1H, ArH), 7.75 (d, J=4.8 Hz, 1H, ArH), 8.50 (d,
J=3.9 Hz, 1H, ArH), 8.57 (s, 1H, ArH), 8.81 (s, 1H, NH),
10.53 (s, 1H, NH); IR (KBr) v: 3393, 3299, 3219, 2937,
2361, 2341, 2183, 1698, 1638, 1577, 1542, 1507, 1489,
1425, 1355, 1320, 1277, 1216, 1184, 1112, 1049, 1018,
808, 716, 669 cm '. HRMS caled for C,;H,NsNaO,S
[M+Na]" 462.1212, found 462.1198.

1-(5-Z FE-4- 5 -3-(3,4- WA IR I)-2,3- A e
Wy -2- FH I )-3-(3- ML e FH S ) IR (Sm): (3 (Ll 4k, =6
74%. m.p. 228~229 ‘C; 'H NMR (300 MHz) 6: 3.75 (s,
6H, 2 X OCH,), 4.09 (s, 1H, CH), 4.40 (t, J=5.1 Hz, 2H,
NCH,), 4.53 (s, 1H, CH), 6.80 (d, J=8.1 Hz, 1H, ArH),
6.94 (s, 2H, ArH), 7.20 (s, 2H, NH,), 7.37 (t, J=7.2 Hz,
1H, ArH), 7.73 (d, J=7.5 Hz, 1H, ArH), 8.40~8.56 (m,
2H, ArH), 8.77 (s, 1H, NH), 10.51 (s, 1H, NH); IR (KBr)
v: 3306, 2361, 2184, 1700, 1647, 1577, 1558, 1541, 1508,
1474, 1457, 1420, 1362, 1258, 1187, 1140, 669, 652 cm ™.
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HRMS calcd for C,;H,NsNaO,S [M—i—Na]+
found 462.1187.

2 HRHE

Gewald S PV 51206 5 £ Jl e Wy 2407 A 4 46 il 11
Jiidi. IEAN OV 2 A B TR AR IS A N AR 2 -
SRALETRN, AR TS R R R IR N, = SRR
WRWE P fHEAL T B Bl 2-Z S EY AT 2B ). AR — B ) LA
K, Gewald J 3. 55 CH: SGHE ) 77 7242 B ey S AT AR )
TR, 2009 4F B E HE EC RIS T R 2,4- 1
Pt IR N S8 R IS FIAT WL Ak A 1 SE D BE Yy
REZ OB %, 3RAF— PP 2- 2 S mems AT A
Y. XI5 T Gewald N IBERY RT AW HT IR
Jik. AEIR A OV R, 2,4-WE My R S A RBE Y
PANBS: I/ MR EP SN SV N Ve S ek /AR Y NC |
DI, 1B T B IO A T E 2,4-BEMeE — I (1) FF5R.
I O Z A F A UGS 5 G RE TR
(R SCHRARE M AR FRATT R I IX S ELAE A g A
RN IREIEAEY), TXT A A AT 4
. ASCEREIT 3-WRNE S 5. 2,4-BEMeE il Fl
R I DU 2 53 B Iy 234045 1 1) SN

B 4- 57K U (1.0 mmol), 2.4- 8 Mg — i (1.0
mmol), N ff(1.2 mmol)Fl 3-MEHE FffZ(1.0 mmol)55)i
oAy CARE AL i R R i 20, KR )
AN EE B O, 45 BRI ME KT, CiRE = ilhia
& 80 CHM NHBEAT MM R, 18 LI CBEF I
N, FE DU RERAT IOV R A, THAE 80 CHLEE N
RN LLR A, FE HAE SR IR N g5 B R AT
CEI N, RIS oIt S s i F IR B/
I ARIZ —, BT LAy R A by B (1 e A 1)

SR SN IR JEREAT T 40 &, B AN R EU Q3
(1055 1 N FH AR B g b S5 SRR I, TE I A W
HL L0 05 I I S 7 A A R 3 10 0 T R R AR L 11 S
FF A= 00Er , — RIVIAUT 2- 2 SEBEWs 1T
AW DU R R IR SR AT S N R AL B4 B, %2
BSR4 S N 435 oK S v HIRI AT B, sk 3 5 gk
JEL PR TEE R SR A =Y. ST
a@*%ﬁ%ﬂu%&WﬁAWMAmmmmm¢ s
YT HT L, g, YRS, EE A T USRS Al
(7=

FRAE P LT A0 ARGl e i o 3 2 S s, )
%maﬁ@%%umm%%%MIﬁ‘Tummﬁ%S
(IEE R, 22 CARIE I SCIRANAS | (R 451, T RERI IR
WLﬁm&mMn%?-ﬁ%TWﬁ%#Tﬁm514
WE R I, B 5 S T RS T LUK 2R Knoevenagel

462.1212,
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i RNy S B AR A FI B, AR5 &0 SN
i RN 2,4-WE M — i A A2 0 ol s N A5 0 AH [ 1 ) 44
%5 C FIEETHL IR T3k v A3 2] P 4 D, D &4

TR A F I R AR S S R i
CEING/ )
0 o CN
ArCHO + § NH LArMNH CN
~ ~H,0 S~
1 o)
2 A O
CN B: CN
ArCHO 7 —
r1 <CN H,0 Ar/—< CN o
3 ; SféNH
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NC CNO ne/SNo
A _;ﬁﬁéw T
NH A7 gD
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SER I BEM AT AR T — $ﬁm%%

References

[1]1 Sperry Jeffrey, B.; Wright, D. L. Curr. Opin. Drug Discovery Dev.
2005, 8, 723.

[2] Wu, C.; Decker, E. R.; Blok, N.; Bui, H.; You, T. J.; Wang, J;
Bourgoyne, A. R.; Knowles, V.; Berens, K. L.; Holland, G. W,;
Brock, T. A.; Dixon, R. A. F. J. Med. Chem. 2004, 47, 1969.

3] Gewald, K. Angew. Chem. 1961, 73, 114.

4] Chakrabarti, J. K.; Hotten, T. M.; Tupper, D. E. Preparation of
2-Methylthienobenzodiazepine as Central Nervous System Agent
(Lilly Industries Ltd., UK), Application, US, 11 pp, Cont-in-part of
US Ser No 44, 844, abandoned. 1997.

[5] Sun,J.; Zhang, L. L.; Xia, E. Y.; Yan, C. G. J. Org. Chem. 2009, 74,
3398.

Chin. J. Org. Chem. 2014, 34, 1895~1899



Chinese Journal of Organic Chemistry

[6] Lu, G. P;Zeng, L.Y.; Cai, C. Green Chem. 2011, 13, 998. [10] Gao, L. J.; Xia, S.; Wu, N.; Tao, S. M.; Feng, Y. J.; Rong, L. C.
[7] Tong, D.; Xia, S.; Tao, S. M.; Gao, L. J.; Feng, Y. J.; Rong, L. C. Synth. Commun. 2013, 43, 2590.

Res. Chem. Intermed. 2013, 39, 561. [11] Shi, D. Q.; Zou, Y.; Hu, Y.; Wu, H. J. Heterocycl. Chem. 2011, 48,
[8] Sun,]J.; Xia, E. Y.; Yao, R.; Yan, C. G. Mol. Diversity 2011, 15, 115. 896.

[9] Sun,J.; Wu, Q.; Xia, E. Y.; Yan, C. G. Synthesis 2010, 3987.

(Qin, X.)

Chin. J. Org. Chem. 2014, 34, 1895~1899 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1899



