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Sulfuric Acid-Modified Polyethylene Glycol 6000 Catalyzed
Synthesis of Dihydropyrrolone

Tian, Shuanbao™ Hao, Yongbing
(School of Basic Medical Sciences, Xinxiang Medical University, Xinxiang 453003)

Abstract A series of dihydropyrrolones were synthesized in high yields by reaction of two same/different primary amines,
but-2-ynedioates and formaldehyde in the presence of sulfuric acid-modified polyethylene glycol 6000 in MeOH at room
temperature. All products were characterized by "H NMR, >C NMR, IR and elemental analysis.

Keywords dihydropyrrolones; sulfuric acid-modified polyethylene glycol 6000; but-2-ynedioates; multi-component reac-

tion; synthesis
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Table 1 Synthesis of dihydropyrrolones

Entry R! Ar R? R’ Time/h Product Yield/%
1 C¢Hs C¢Hs Me H 2.0 5a 93
2 4-C1-C¢Hy 4-C1-C¢Hy Me H 2.0 5b 91
3 3-Me-C¢Hy 3-Me-C¢Hy Me H 2.0 5¢ 86
4 4-MeO-C¢H,4 4-MeO-CgH, Me H 2.0 5d 85
5 CHs CeHs Et H 2.5 Se 91
6 4-MeO-C¢H,4 4-MeO-CgH, Et H 2.0 5f 84
7 CHs 4-Me-CH, Me H 2.0 5g 85
8 4-NO,-C¢Hy C¢Hs Me H 3.0 5h 72
9 C4H,-CH, CeHs Me H 2.5 5i 85
10 C¢H,-CH, 4-MeO-CgH, Me H 2.5 5j 76
11 C¢H,-CH, C¢Hs Et H 2.0 5k 89
12 C¢H,-CH, 4-C1-C¢Hy Et H 2.5 51 82
13 Cyclohexanyl CeHs Me H 2.5 5m 84
14 Cyclohexanyl 4-Cl-C¢H, Me H 2.5 5n 87
15 n-C,H, CeHs Me H 2.5 50 85
16 n-C4Hy 4-Br-C¢H, Me H 3.0 5p 80

T SN, ARl 1- A dR-4-(R AR 2 5E)-2,5- &-5-% K-
LH-IERE-3-FR IR TR (Sa) W 9], &5 T8RS AL ] i
X Sa PPERMIREM. IR 2 A U i ISR £
6000 14 HEALF, BTRINE] HF574) 5a (Entry 2), %
JH 5 AP 8E 8  FFAE RR (Entry 2) 2 JE AR (Entry 3) 4 44
A, EAR A BE A3 B TUHT ), H R K. 4
PEG-OSO;H 7y 10 mol%, ¥ 7l MeOH I, 5a )™ %
i (Entry 8), PG AL I P XS Sa ()7 F2 5w AN 2
IRK, R ERHIW DMSO, CH,Cl,, CH5CN, EtOH,
H,O, 7= A8/NT MeOH. [ M £E A LA B 4 1R 2
R, ARG T SO RS T2, ) Sa
AN TR et T ROV AT
F2 MALFIHE. WHXT Sa e Zep)sgm ¢
Table 2 Yield of 5a effected by solvent, amount of catalyst

Entry Solvent Catalyst/mmol Time/h  Yield/%
1  MeOH 0 24 Trace
2  MeOH PEG (0.1) 24 Trace
3 MeOH CH;SOsH (0.1) 12 49
4 MeOH NH,4SO;H (0.1) 12 58
5 MeOH PEG-OSO;H (0.01) 8 26
6 MeOH PEG-OSO;H (0.02) 6 54
7  MeOH PEG-OSO;H (0.05) 4 76
8 MeOH PEG-OSO;H (0.1) 2 93
9 MeOH PEG-OSO;H (0.15) 2 92
10 MeOH PEG-OSO;H (0.2) 2 93
11 DMSO PEG-OSO;H (0.1) 5 32
12 CH)(Cl, PEG-OSO;H (0.1) 5 56
13 CH;CN  PEG-OSOs;H (0.1) 5 62
14 EtOH PEG-OSO;H (0.1) 3 82
15 H,O PEG-OSO;H (0.1) 6 21

RN LA T2-H T HIE(1 mmol), HKHZ(2 mmol), FEE(1.5 mmol), =

.-
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A R R, A2 T ORI 1, Entries 7~16).
V8 PRI 5Ok S0 A AR I B 5 A 1, Y PRSI 81 T 1 =
Y. FTEPEZ IR, 'H NMR, “C NMR, JTEHr
EHHT T RAE.
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Table 3 Effects of PEG-OSO;H recycling on the yield of 5a

Run Time/h Yield/%

1 2.0 93

2 2.0 91

3 2.5 89

4 2.5 90

5 3.0 87

6 3.5 86

M2, L PEG-OSO;H MHEALH, 7= A BEAE
HEFNEAE T, Wk PR R SN [H] R, T2k
BE AT DU Lo 4 6, R BCRHB S T — R 41 Atk s
T A B . BEJT VRO A AT L B fi B
AT T LA IAR A, s 6 A 5 s
ik B AIK.

3 HEWH
U5
AW s R BAVE RN E, W AR IE; 'H
NMR, “C NMR H Bruker AV-400 #% 4 IL3 400 &
(TMS A W45, CDCly ¥); IR Hi FTS-40 Bl 3721
ARGEEACIN 2 (KBr s ), TG40 #1K M Vario ELIII 7t
FOPHT G E . P TR R TS A 25 4l sl 4y A 4.
3.2 PEG-OSO;H my#l&

760 °CF, HEER I A F] PEG-6000 (6.0 g, 1
mmol) ] CH,Cl, (10 mL)# W, FL RNV 24 h )5, %

3.1
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K[ CHLCly, BT A EORL = 48 B0 T FE FR IRV 3 WU,
#3 PEG-OSO;H 5.98 g, % 97%. 'H NMR (CDCls, 400
MHz) §: 3.42~3.55 (m, PEG), 4.20 (s, 2H, CH,0SOsH),
12.46 (s, 1H, SOsH).

3.3 ZEMMIAE LSS

100 mL [BJEKEIE o Ak T -2-% — g3, 1
mmol), #%(1, 1 mmol)fl MeOH (10 mL), = HiHE 10~
15 min 5, fKOMAR%Z2, 1 mmol). H{%(4, 1.5 mmol)
F1 PEG-OSOsH (0.1 mmol), =iV 2~4 hj5, g,
L= & 95% LBENEGE 2 X, 13 B &4 5.

1- R4 R R R IE)-2,5- A -5- 58 AR-1 H-NE g -3- 3R
1% i (Sa): so i taifA. mp. 158~159 C k!
159~160 °C); '"H NMR (CDCl;, 400 MHz) §: 3.72 (s,
3H), 4.49 (s, 2H), 7.10~7.45 (m, 8H), 7.80 (d, J=8.0 Hz,
2H), 8.08 (s, 1H); *C NMR (CDCl;, 100 MHz) J: 48.3,
52.0, 103.2, 118.9, 123.1, 124.5, 128.2, 130.0, 138.7,
138.8, 143.1, 164.2, 164.7; IR (KBr) v: 3271, 1688, 1645
cm . Anal. caled for C;gHgN,O5: C 70.12, H 5.23, N
9.09; found C 70.23, H 5.18, N 9.14.

1-(4- S AR I )-4-(4- SR L B 0 )-2,5- — A -5- AR
LH-IE % -3-J2 1% R (Sb): St [ 44. mp. 173~175
COCERMmEY: 175~1175 C); 'H NMR (CDCls, 400
MHz) §: 3.76 (s, 3H), 4.46 (s, 2H), 7.08~7.69 (m, 8H),
8.06 (s, 1H); °C NMR (CDCls, 100 MHz) o: 48.3, 52.1,
103.7, 120.3, 124.4, 128.3, 129.2, 130.3, 130.4, 137.1,
137.4, 142.9, 163.7, 164.8; IR (KBr) v: 3282, 1679, 1649
ecm . Anal. caled for CgH4CLLN,O5: C 57.31, H 3.74, N
7.48; found C 57.36, H 3.69, N 7.52.

1-(3- L ORI )-4-(3- L R 5 46 )-2,5- —&-5-%4
AR-TH-E % -3-FR R F G (5e): i (0 44, mp. 173~175
COCEkE!M: 175~1175 'C); '"H NMR (CDCl;, 400
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MHz) §: 2.35 (s, 3H), 2.39 (s, 3H), 3.76 (s, 3H), 4.50 (s,
2H), 7.00~7.68 (m, 8H), 8.04 (s, 1H); *C NMR (CDCl;,
100 MHz) &: 21.4, 21.6, 48.4, 51.6, 102.7, 116.5, 120.0,
120.1, 123.6, 125.7, 126.0, 128.2, 129.1, 138.2, 138.6,
138.7, 139.2, 142.9, 163.9, 164.8; IR (KBr) v: 3116, 1699,
1643 cm™ ', Anal. caled for CyH,oN,05: C 71.41, H 6.04,
N 8.30; found C 71.42, H 6.10, N 8.28.

1-(4- AR BE IR O )-4-(4- AR R 2 0k )-2,5- A -
51 HAIE S -3- 5218 R (Sd): #e il fk. mp. 174~
175 COECkE": 176~177 C); 'H NMR (CDCls, 400
MHz) 6: 3.75 (s, 3H), 3.79 (s, 6H), 4.48 (s, 2H), 6.91~
7.68 (m, 8H), 8.02 (s, 1H); °*C NMR (CDCls, 100 MHz) &:
48.5, 51.5, 55.6, 55.7, 100.1, 114.1, 114.5, 121.2, 125.3,
1317, 132.1, 144.1, 157.0, 157.2, 163.7, 165.1; IR (KBr) v:
3269, 1678, 1645 cm '. Anal. caled for ChoHyN,Os: C
65.21, H 5.47, N 7.60; found C 65.28, H 5.42, N 7.63

1- R AR R R IE)-2,5- A -5-5AC-1 H-NE g -3- 3R
1% 2.l (5e): se (ol k. mp. 138~139 C k!
139~140 ‘C); '"H NMR (CDCls, 400 MHz) d: 1.12 (t, J=
7.2 Hz, 3H), 4.20 (q, J=7.2 Hz, 2H), 4.51 (s, 2H), 7.11~
7.40 (m, 8H), 7.80 (d, J=8.4 Hz, 2H), 7.99 (s, 1H); "*C
NMR (CDCls, 100 MHz) &: 14.1, 48.4, 59.8, 103.6, 119.3,
122.5, 124.5, 125.1, 128.5, 129.4, 138.7, 139.1, 142.5,
164.1, 164.5; IR (KBr) v: 3290, 17.03, 1645 cm . Anal.
calcd for C;oHsN,O5: C 70.79, H 5.63, N 8.69; found C
70.85, H 5.52, N 8.52.

1-(4- AR BE R D )-4-(4- WA L R L 2 0k )-2,5- -
S-SAAR-1H-NE M -3-FR B R (S): # A E 4. mp. 170~
171 “C;'H NMR (CDCls, 400 MHz) 8: 1.13 (t, J=7.2 Hz,
3H), 3.76 (s, 6H), 4.220 (q, J=7.2 Hz, 2H), 4.53 (s, 2H),
6.83~7.70 (m, 8H), 7.98 (s, 1H); *C NMR (CDCls, 100
MHz) §: 14.2, 48.5, 55.5, 55.6, 60.9, 101.0, 114.0, 114.5,
1222, 126.2, 131.5, 132.1, 1442, 156.8, 157.2, 164.1,
164.3; IR (KBr) v: 3286, 1678,1642 cm '. Anal. calcd for
CHN,0s. C 65.96, H 5.80, N 7.33; found C 66.02, H
5.76, N 7.30.

1-(4- L ORI )-4- (R L 2 Jik)-2,5- —&-5-54R-1H-
I -3-JR IR g (Sg): M (il 4k. mp. 154~156 C (X
Bk 153~154 °C); 'H NMR (CDCls, 400 MHz) 6:
2.37 (s, 3H), 3.75 (s, 3H), 4.51 (s, 2H), 7.08~7.72 (m,
9H), 8.05 (s, 1H); *C NMR (CDCls, 100 MHz) J: 21.1,
48.4,51.3,102.9, 120.0, 122.8, 124.6, 128.5, 129.7, 135.0,
136.2, 138.7, 143.1, 163.8, 164.9; IR (KBr) v: 3269, 1688,
1645 cm™'. Anal. caled for CjoH gN,O5: C 70.79, H 5.63,
N 8.69; found C 70.82, H 5.59, N 8.74.

Chin. J. Org. Chem. 2013, 33, 2232~2236

© 2013 Chinese Chemical Society & SIOC, CAS

1- R B -4-(4-ff R L B 0 )-2,5- —&1-5-5 A1 H-iE
3R IR I EE(Sh): A EE A mp. 136~138 C(SCHik
51" 136~137 °C); '"H NMR (CDCls, 400 MHz) 8: 3.75
(s, 3H), 4.56 (s, 2H), 7.15~7.44 (m, 7H), 7.82 (d, J=8.0
Hz, 2H), 8.05 (s, 1H); *C NMR (CDCl;, 100 MHz) o:
21.1, 48.4, 51.3, 102.9, 120.0, 122.8, 124.6, 128.5, 129.7,
135.0, 136.2, 138.7, 143.1, 163.8, 164.9; IR (KBr) v: 3280,
1692, 1645 cm™ ', Anal. caled for C;sH;sN,Os: C 61.19, H
4.28, N 11.89; found C 61.23, H 4.22, N11.92.

1- 2R 4 (R R HE)-2,5- A -5- AR LH-NE g -3- 02
1% F S (5i): 100 [ 4. mup. 138~139 °C (SCHkf "™
139~140 ‘C); 'H NMR (CDCls, 400 MHz) d: 3.76 (s,
3H), 4.45 (s, 2H), 5.13 (d, J=6.0 Hz, 2H), 6.95 (s, 1H),
7.18~7.42 (m, 8H), 7.78 (d, J=8.4 Hz, 2H); *C NMR
(CDCls, 100 MHz) J: 46.8, 48.2, 51.3, 98.2, 120.1, 125.2,
127.4, 127.7, 128.2, 129.3, 138.9, 139.6, 164.4, 165.7; IR
(KBr) v: 3312, 1700, 1642 cm ', Anal. caled for CioH -
N,O;: C 70.79, H 5.63, N 8.69; found C 70.85, H 5.67, N
8.70.

1-(4- A BE DR O )-4- (R R 2 6 )-2,5- &L -5- % AR-
LH-MEM-3- 2 IR G (5)): #etalilfk. m.p. 129~130 C
CCHRE!: 129~130 °C); "H NMR (CDCls, 400 MHz) §:
3.75 (s, 3H), 3.80 (s, 3H), 4.42 (s, 2H), 5.11 (d, J=6.0 Hz,
2H), 6.92 (s, 1H), 7.10~7.42 (m, 7H), 7.70 (d, J=8.8 Hz,
2H); *C NMR (CDCls, 100 MHz) J: 46.7, 48.4, 51.7, 55.6,
98.0, 113.9, 1214, 127.5, 127.7, 128.8, 132.2, 140.1,
157.1, 164.2, 165.7; IR (KBr) v: 3310, 1702, 1645 cm .
Anal. calcd for C,gHyN,O4: C 68.17, H 5.72, N 7.95;
found C 68.12, H 5.68, N 7.82.

1- 2R 4 (R R HE)-2,5- A -5-AAR- LH-NE IR -3- 52
1% 2 W6 (5k): AR AR, mp. 128~130 C(CHik !
126~128 C); '"H NMR (CDCls, 400 MHz) §: 1.29 (t, J=
7.2 Hz, 3H), 4.30 (q, J=6.8 Hz, 2H), 4.42 (s, 2H), 5.15 (d,
J=6.0 Hz, 2H), 6.97~7.02 (m, 1H), 7.19~7.42 (m, 8H),
7.80 (d, J=8.4 Hz, 2H); *C NMR (CDCls, 100 MHz) §:
14.5, 46.7, 48.1, 59.9, 982, 119.4, 125.0, 127.4, 127.6,
128.7, 129.2, 138.8, 140.1, 164.4, 165.2; IR (KBr) v: 3312,
1700, 1642 cm™'. Anal. caled for CyH,oN,O5: C 71.41, H
5.99, N 8.33; found C 71.50, H 5.89, N 8.26.

1-(4- GRS -4-(R R = HE)-2,5- A -5- 5 AR -1 H-1iE
W -3-FR R LB (SY): A 4A. mp. 142~143 C; 'H
NMR (CDCls, 400 MHz) 8: 1.26 (t, J=7.2 Hz, 3H), 4.22
(q, J=17.2 Hz, 2H), 4.42 (s, 2H), 5.12 (d, J=7.2 Hz, 2H),
7.02 (s, 1H), 7.25~7.40 (m, 7H), 7.73 (d, J=8.8 Hz, 2H);
C NMR (100 MHz, CDCly) d: 14.2, 48.1, 51.3, 59.4,
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99.2, 120.4, 127.3, 127.2, 129.1, 129.4, 130.5, 138.2,
139.3, 164.3, 165.7; IR (KBr) v: 3308, 1702, 1646 cm .
Anal. caled for CioH,;CIN,O5: C 63.96, H 4.80, N 7.85;
found C 64.02, H 4.82, N 7.80.

1- A I 4-CF D HE 5 FE)-2,5- —F-5-5 A - 1L H-IHE % -
3R LEE(m): AGEA. mp. 95~97 COCHR{E!":
96~97 °C); '"H NMR (CDCl;, 400 MHz) 6: 1.16~1.25
(m, 3H), 1.36~1.42 (m, 2H), 1.60~1.64 (m, 2H), 1.71~
1.75 (m, 2H), 2.01~2.02 (m, 2H), 3.80 (s, 3H), 4.42 (s,
2H), 4.58 (s, 1H), 7.20 (t, J=7.6 Hz, 1H), 7.42 (t, J=17.6
Hz, 2H), 7.73 (d, J=7.6 Hz, 2H); *C NMR (100 MHz,
CDCly) 0: 24.7, 25.6, 34.8, 48.1, 51.0, 96.2, 119.4, 124.9,
129.2, 138.9, 164.4, 165.7. Anal. calcd for C;sH»,N,05: C
68.77, H 7.05, N 8.91; found C 68.69, H 7.08, N 8.87.

1-(4- AR HL)-4-(F D 3)-2,5- & -5-A K- 1H-
g -3- R 1 L WE(Sn): B REA. mp. 126~127 C(X
k{1 124~125 °C); 'H NMR (CDCls, 400 MHz) 6:
1.21~1.22 (m, 4H), 1.40~1.44 (m, 3H), 1.72~1.75 (m,
2H), 2.00~2.02 (m, 2H), 3.78 (s, 3H), 4.40 (s, 2H), 4.59
(s, 1H), 7.36 (d, J=8.8 Hz, 2H), 7.74 (d, J=8.8 Hz, 2H);
C NMR (100 MHz, CDCly) 0: 24.7, 25.5, 34.7, 47.8,
51.2, 95.8, 120.2, 129.0, 130.1, 137.5, 164.3, 165.7. Anal.
calcd for C;3H,;CIN,O5: C 61.98, H 6.07, N 8.03; found C
61.92, H 6.02, N 8.00.

1- R AT R R IE)-2,5- A -5-5AC-1 H-NE g -3- 3R
% Z 6 (S0): [ EFEAK. mp. 126~127 C STk
124~125 “C); "H NMR (CDCls, 400 MHz) d: 0.94 (t, J=
7.2 Hz, 3H), 1.36 (sextet, J=7.2 Hz, 2H), 1.60 (quintet,
J=7.2 Hz, 2H), 3.78 (s, 3H), 3.82 (t, J=7.2 Hz, 2H), 4.41
(s, 2H), 7.18 (t, J=7.6 Hz, 1H), 7.40 (t, J=7.6 Hz, 2H),
7.76 (d, J=8.4 Hz, 2H); *C NMR (100 MHz, CDCl5) §:
14.2,20.1, 33.6,43.1,48.2, 51.1,96.2, 119.7, 125.2, 130.1,
139.1, 164.7, 165.6. Anal. calcd for C;sH,,N,O5: C 66.65,
H 6.99, N 9.72; found C 66.59, H 6.96, N 9.75.

1-(4- IR R B )-4-(T He g 55)-2,5- —&-5- %A1 H-nik
% -3- YRR LR (Sp): MK, mp. 110~111 CCCHk
412: 108~109 °C); '"H NMR (CDCls, 400 MHz) : 0.93
(t, J=7.2 Hz, 3H), 1.36 (sextet, J=7.2 Hz, 2H), 1.58
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(quintet, J=7.2 Hz, 2H), 3.76 (s, 3H), 3.82 (t, J=7.2 Hz,
2H), 4.38 (s, 2H), 7.45 (d, J=8.8 Hz, 2H), 7.67 (d, J=8.8
Hz, 2H); *C NMR (100 MHz, CDCl;) 6: 13.9, 19.9, 33.5,
427, 47.6, 512, 96.1, 117.5, 120.2, 131.9, 137.8, 164.3,
165.2. Anal. caled for CiH oBrN,O5: C 52.33, H 5.21, N
7.63; found C 52.43, H 5.16,N 7.72.
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