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1-Methylimidazolium Hydrogen Sulfate: An Efficient Catalyst for the
Synthesis of Substituted Pyrroles

Wu, Changchun” Zang, Hongjun™* Li, Daqing” Yu, Niangin®
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(“ Department of Environmental and Chemistry Engineering, Tianjin Polytechnic University, Tianjin 300387)
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Abstract Using ionic liquid [HMIM]HSO, as a eco-friendly catalyst, a variety of N-substituted pyrroles were synthesized by
the reaction of 2,5-hexanedione and primary amines in methanol at reflux. The new compounds were characterized by 'H
NMR, FT-IR, mass spectra and elemental analysis. The influence of different catalysts and catalyst loading were investigated,
and the optimal reaction conditions were then obtained. A possible mechanism was also proposed. Furthermore, the recycling
experiment of the catalyst was conducted and the green catalytic system can be recycled for several times with no decreases in
yields and reaction rates. The present methodology offers several advantages such as mild conditions, short reaction time, ex-

cellent yields, and recyclable catalyst.
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FEAE AT 1 ) 8 ok it e 81 T MR AR K 11 U R R AT
UL &Y, MORAE Rrdl— D et 708 s Rk
HROEAT SN, 9 AT WS RS RE IR (UK Th 2 1k
) N 7 1) S 56 4 2 R PR A5 Bl g 2220, b e 3R
SN H AR K A M R R EAT, 94 DMSO,
DMF S5, Rk, BLAR DL by vk HAT 98 A 10 B A
B, AEEIN IS TE] S JEURERIRE A 57 (F 28 r E RTnT (]
W57 TEAT HE— 2D WF 9T

WAESR, AT A HOB 0 5w A R 7ok
SEHL TV AT HREER R . B TR B TR A sk k22 11
gk, M 2] 7RISR B ik B oA Sl
AEE. AR, )L Sl — P (o ) s N A S
FEH RO A B AR RN C i kg,
VB A mT [N A AR, EAE A B R N R 4G T AR
7300 1o B R Ik I 5 PR L R ((HMIMHS O,) A& — Ff
Bronsted 212 Ak, koA FHEAEIE
R WP BT S, BRATHHT TRZM
LB T Al A AL A MU AR I 930 di,
AT T —FhB i % 2,5- - F RE-N-BUAC At i A7 A=
Y55, 77 LS 1 AR [HMIMIHS O, A i 4651,
B T WARAA 257 H 4% 5 IR K4 A, 1t FLH s 7
RS BTEABRIE I E R, A RchdE s T RN R, I
T T MEALFURPZE (AL 25 S B 2 %o 122 S T
SR AT PG PR PERE. Scahaf R, BTl
PR [HMIM]HSO, HAT I B 14 Ak 1 B8 A 22 vk o 52 A
PE. FEHHT THOGI T 2 5, BATTEEH T T Be i fi 4k
SN LR, 5 O IE ) [ Ak AR LG, DAk R HAT O
IR WCRB R ISR TG AT D B oy e
FIFHEAL AL A A2 I Scheme 1.
1 ZR5E
1.1 MIEHTEMRIE R

FEI UG I S5, FRATT BA ST A3 KL (1a, 1
mmol) Al 2,5-c Hi(2a, 1 mmol) HJEM). B A 1-
FH L 10K M i S ((HMIMTHS O) A A6 7). 72 [l 4%
PR B R NVAE AR, HEAT R NS AT ik, 258
TR TR SRR A 751 FE A B A A7 A MR
s, JLSIG g5 LR 1.

T, AT ST AL AR T R ) 5
Wi 0 5 DA P AA 3-FR 2= 1-(4- R — 1 55 ) K kAt
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fo) CH3OH, reflux Ar

3a~ 3k
R = CHj, Ph
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—\* —

HoN(CH,)NH,  + )W

0 CH3OH, reflux

1 2
EéN(CHZ)n¢ + 4H,0
31~ 3m n=2,6

Scheme 1

R & &2 ((MIMBS]HSOy), 3-F JE-1-32 B JE 0k e & 26
([IMIM-COOH]CI), 3-H2E-1- £ FE K MR £ ((EMIM]Br),
1- F IR e i PR 40 26 ((HMIIMHS O,), 3- FF - 195 TA] 3k
K 1 G 3 ([AMIMICI), 3- FF Rk -1- T 34 ok M g R & 46
([BMIM]HSO,), 1-F JE K i S £ ((HMIM]CI) A i 12
EA AT, IR )R V(3R 1, Entries 1~5, 9~
11). SERE R, [HMIMIHSO, R B H S0 AL i
PE, AN I T 46, 1T FLP= . R I (i A5
[HMIM]HSO, 5 (% 1, Entry 6), R A IRE K Hixb &9
3a AL ORIFSEAE RUL], B A HMIMIHS O, % &
N EA R AR, A AMEE 8 T A X R
M, 435 EL 10, 20, 30 mol% [HMIM]HSO, A fE 4k,
A, LR AAE F AT R N.(FE 1, Entries 1, 7, 8), HFx
FEIBCR 35k 83%, 93%A1 87%. 4B FRAK I &
BEIE] 30 mol%lf, WA ARTT AR, LA b 45 50 4 Hh ik
7 HE 20 mol% A BRI B A IR, BRI
SR, TTVSCER BRI ) S R ) A o P A AR
SEAZ IR,

gr BTk, AR R N A0 el T, R
FH I OWE 7, 20 mol%[HMIMIHSO, A A 71,
BRI R LE o 100 1

TERAA B S 2R, BRATTR 2 R I i i
5 7 JH 0 1% SN 8 PR EAT TOREY, 4 Rk
2 i, SIS 25 B nT LIS Y, 2,5- 0 Wi 55 A 3 (1) fi
RE M8 A b ke A2 B v, DL R I e %45 21 H Atk
Y. 2P g W SE R T 3 1 O R e A 5E
% Paal-Knorr [ JW.(3 2, Entries 1~9). 75 ¥ _FHUAIE
1) FEL 0N X6 s R B[] PR S e A K, 7 A I H 1 2
1) 55 it B IR S B IS 8] (% 2, Entries 2, 3, 10). 31X
AT HE A T 7 2 P BRI T R L =
MR LSRR PR R, A, FRATTIEH 52 T AN A
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Table 1 Effect of different catalyst and its dose on the reaction

(0]
HZNOOCHs + M
(@]

Catalyst
CH3OH, reflux

e
N OCH3 + 2H,0

Entry Catalyst Catalyst loading/% Time/min Yield/%

1 [HMIM]HSO, 20 20 93

2 [EMIM]Br 20 45 25

3 [AMIM]CI 20 45 30

4 [MIMBS][HSO4] 20 45 76

5 [IMIM-COOH]CI 20 20 77

6 [HMIM]HSO, 0 45 Trace

7 [HMIM]HSO, 10 20 83

8 [HMIM]HSO, 30 30 87

9 [BMIM]HSO, 20 20 90

10 HMIMI]CI 20 20 81

11 H,S0, 20 20 40

“Reaction conditions: p-anisidine (1 mmol), 2,5-hexandione (1 mmol), CH;0H as solvent (5 mL), reflux condition.
R 2 A SAT TR AT YNGR
Table 2 Synthesis of substituted pyrroles under different condition
o]
HMIMJHSO, 7\
R—NH, + R1)W m R1/Q\ + 2H0
o R
1 . . . b m.p./C
Entry R R Product 3 Time/min Yield/%
Found Report

1 4-CH,0C¢H, CH, 3a 20 93 60~61 60~62014
2 4-CIC¢Hs CH, 3b 60 88 62~63 62~641°1
3 3-CIC¢H,4 CH; 3¢ 45 90 41~42 —
4 4-CH,C¢H, CH, 3d 30 89 70~71 71~7211%
5 C¢HsCH, CH, 3e 30 82 39~40 40~42!4
6 CeHs CH, 3f 30 83 48~49 48~501!
7 2-CH;C¢H, CH; 3g 80 78 — —
8 3-CH;C¢H,4 CH; 3h 30 80 47~50 —
9 1-Naphthyl CH; 3i 80 92 120~121 120~ 122014
10 4-NO,C¢Hs CH, 3j 130 64 142~ 144 144~146!"4
11 4-CH;0CgH, Ph 3k 80 91 101~103 —
12 H,N(CH,),NH, CH, 31 30 67 134~135 134~136!'4
13 H,N(CH,)¢NH, CH, 3m 40 66 100~102 —

“ Reaction conditions: amine (1/0.5 mmol), 2,5-hexandione (1 mmol), [HMIM]HSO, (20 mol%), CH;OH as solvent (5 mL), reflux condition. * Isolated yield.

P B IR IENS SNV I 52 M (3R 2, Entries 4, 7, 8). 45 m-
FHIL R | p-H SRR L AR L, o- F IR 27 H e 2 v
PE, X ATRESE 105 30 B0 A AR A s (R A2 BH,  FAIC
TR@IEZ R R EI(FK 2, Entry 7). H4h, AT RIEY
Yo, SRR e 2,5- 0 i 52 N & B s A A=
(3% 2, Entries 12, 13). Zi4KH, TRt n] LU TiX
B [N, AH 5 55 R b, s R B R AL,
I T 75 M5 ASKERR i () SN, R IASSSFR I 1-
IRHE-1,4- 13 ] 5 0 F AR Rt o] DA b 3E AT e
N, I DU i W 2R 15 B UL (58 2, Entry 11).
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P T A 0 R 500 1 (RS 7 R FH A 3 7 6 s Ak
SEEAR, DL 2,5- O AT B AR R IR N B, AR
A FRHTIRICPE SRS, O 45 RS, ez kR L7
I, KK 2R YT, H O CERAIUK)Z. 78
TR S MRS A B AR [HMIMIHSO, (17K AR 24T
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Figure 1 Reusabilities of the catalyst

1.3 TRERIR R HIE

H T 12 S Y. R AT A AR S 1, A S 3o 6 Bl 7%
b S R A Ak 0 S B 2 SRR, 3 T AT RE I
[ ALEE(Scheme 2). B 56, BKMEERH IR 05T+ FH B 25
TRBREMR P R EEA T 2,5-2 ik
SRR, B RA a0 ARG, MIERRR TR
I A I R BB IR T Rk AR I N, B b, B,
TERRYE B AR AL R AR5 N R s v 74 )
c. IJa, PRI e R AE MK SN RS A A s FE Jtl
IR d 5> 7K IR B AL R [HMIM]HS O A
N AMIE.

R—NH, R on
\ HN
i — C
9 8 S
[ O::-"“H \ _
H \\ / 0*303
+’\1 H\ ~ +N
[N\> 0-S0 [N\>
a \ H ' H p\
\ Lk
N -2H,0
AV ¢ D 20 HQD N OH
N N VR
R H/+ H864 \“ //\'\v\\ :'
d H N
./ 0-S0,
N [
Y
N
\
Scheme 2
2 4ig

TFR T LU AR HMIMIHSO, A AL, FEE N
BRI, M2k 2,5-C WA JEY, a4t Tk
BT AR R, 5 EHGE TR L, A
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T AT N A AR L S R A IR R A
AL R R AL, 1K %A S A
PP T MR RIS EA TT.

3 RS

31 E5IRF

B PR %A ("H NMR): Bruker AVANCE 300
(TMS HNFrR); BFBFBE{C: Bruker Esquire 3000; £
AN HEA: Bruker tensor 37, KBr JE Ji; Perkin-Elmer G
RO LA204 BUHL 7 R-F X-4 H05 W WA
A0 SR A PR A 7] RE-52 Jie# 25 R AN

5 T W & [MIMBSJHSO, [IMIMCOOH]CI,
[AMIM]CI, [EMIM]Br, [HMIM]JHSO,, [BMIM]HSO, A
[HMIM]CI H4fs STkl 40021 B AR o i 5 o0 b
afi, TLrb g A g D5 e R0 75 4 Jie S 28 PR e 4l fs A A
A5 5 e D) EE A .

32 RWHE

i) 50 mL (5 JERSEHH HINN B T A 1- S IR P
R Z.#:(0.2 mmol, 20 mol%), 2,5-2 —d(2) (1 mmol)Al 5
mL I, PR s8R, AR5 el 230 m
A 1/1' (1/0.5 mmol), 7ERIRAAT TR, S VdERE
2 E R (TLO) R, NS5 WG, TeZ8BR 70, F
o 20 mL /K, 10 mL X3 SA5ZEBUKZE, LK
Na,SO, TG, WA B =9, kA k[ 2%
W) © VO e =1 : 20~1 : 12]3t—balitk, 15340
M 3a~3m.

3.3 MIEATHEYIRIRIE

B OIS P IRIE S SCHRIRIE 1 HEAT L3R I E X
AT 'H NMR EAE, SHRALAD) 3¢, 3g, 3h, 3k, 3m
HEATZLAM 04T, 'TH NMR AL, i fioc 204,

1-(4- AR IE)-2,5- — I BE- 1 - (3a): B (R}
&, m.p. 60~61 C; "HNMR (300 MHz, CDCl;) 6: 2.04
(s, 6H), 3.89 (s, 3H), 5.91 (s, 2H), 6.97 (d, J=8.7 Hz, 2H),
7.14 (d, J=8.7 Hz, 2H).

1-(4- A HE)-2,5- I FE-1H-IE % (3b): 40 (LK) K,
m.p. 62~63 C; "H NMR (300 MHz, CDCl;) d: 2.05 (s,
6H), 5.93 (s, 2H), 7.16 (d, J=8.4 Hz, 2H), 7.45 (d, J=8.4
Hz, 2H).

1-(3-F A H)-2,5- - H FE-1H-IE % (Be): Bk A,
m.p. 41~42 °C; '"H NMR (300 MHz, CDCl;) 6: 2.01 (s,
6H), 5.90 (s, 2H), 7.11~7.40 (m, 4H); MS m/z: 205 (M "),
204 (M—H)"; IR (KBr) v: 3076, 2919, 1584, 1486, 1436,
1400, 1321, 998, 837, 756, 695 cm '. Anal. caled for
C,H,NCI: C 70.07, H 5.84, N 6.81; found C 70.05, H

Chin. J. Org. Chem. 2013, 33, 2417~2422
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5.82, N 6.80.

1-(4- F R HE 58)-2,5- — FBE 1 H- A i (3d): 20 (9K
&K, m.p. 70~71 “C; 'H NMR (300 MHz, CDCl;) ¢: 2.01
(s, 6H), 2.40 (s, 3H), 5.88 (s, 2H), 7.06~7.09 (m, 2H),
7.23~7.25 (m, 2H).

1-( 1 36)-2,5- - -1 H-TE W% (3e): 40 k) K,
m.p. 39~40 C; '"H NMR (300 MHz, CDCl;) 6: 2.18 (s,
6H), 5.05 (s, 2H), 5.90 (s, 2H), 6.92~6.94 (m, 2H), 7.26~
7.36 (m, 3H).

1-(KHE)-2,5- — FI -1 H-RE % (36): 20K, mup.
48~49 ‘C; 'H NMR (300 MHz, CDCl;) d: 2.06 (s, 6H),
5.93 (s, 2H), 7.23~7.28 (m, 2H), 7.42~7.51 (m, 3H).

1-(2- FH LR HE)-2,5- — L1 H-IE % (3g): B (A yiiR
#); 'TH NMR (300 MHz, CDCl3) d: 1.91 (s, 6H), 1.93 (s,
3H), 5.90 (s, 2H), 7.15~7.32 (m, 4H); MS m/z: 185 (M");
IR (KBr) v: 3070, 2913, 1510, 1476, 1429, 1412, 1324,
1065, 992, 753 cm'. Anal. caled for C;3H;sN: C 84.32, H
8.11, N 7.57; found C 84.33, H 8.10, N 7.58.

1-(3- 3L 3)-2,5- — FBE-1H-1E i (3h): [ B4
A, m.p. 47~50 ‘C; '"H NMR (300 MHz, CDCl5) §: 2.02
(s, 6H), 2.24 (s, 3H), 5.90 (s, 2H), 7.00~7.36 (m, 4H); MS
m/z: 185 (M"), 184 (M—H)"; IR (KBr) v: 3071, 2915,
1520, 1483, 1430, 1410, 1326, 998, 842, 754, 700 cm .
Anal. calcd for C3HsN: C 84.32, H8.11, N 7.57; found C
84.31, H8.12, N 7.58.

1-(1-Z545)-2,5- IR H-IEM%(30): IO 44, m.p.
120~121 °C; 'H NMR (300 MHz, CDCl;) d: 1.92 (s, 6H),
6.02 (s, 2H), 7.15 (d, J=8.1 Hz, 1H), 7.42~7.54 (m, 4H),
7.94 (d, J=8.1 Hz, 2H).

1-(4-FHHE R0 )-2,5- - FRE- 1 H-IE % (3)): i (Al 44,
m.p. 142~144 °C; '"H NMR (300 MHz, CDCl;) 6: 3.00 (s,
6H), 5.98 (s, 2H), 7.40 (d, J=8.7 Hz, 2H), 8.35 (d, J=8.7
Hz, 2H).

1-(4- FAR LR AR )-5- F R -2- R 3 L H-HE % (3K): o
O E A, mp. 101~103 °C; 'H NMR (300 MHz, CDCl;)
J: 2.15 (s, 3H), 3.85 (s, 3H), 6.10 (d, J=2.7 Hz, 1H), 6.37
(d, J=3.3 Hz, 1H), 6.89~6.92 (m, 2H), 7.10~7.28 (m,
7H); MS m/z: 263 (M"); IR (KBr) v: 3050, 2936, 2847,
1600, 1520, 1464, 1445, 1393, 1293, 1250, 1035, 835, 750,
690 cm !, Anal. caled for CigH;NO: C 82.13, H 6.46, N
5.32; found C 82.11, H 6.47, N 5.30.

2,2',5,5"- DY I HE-1,1'-( £ J¢-1,2- 8- 1 H- 1L (31):
WO E AR, mp. 134~135 C; '"H NMR (300 MHz,
CDCls) J: 1.83 (s, 12H), 3.96 (s, 4H), 5.78 (s, 4H).

2,2',5,5- P B30, 12 2 g -1,6- Bk )-1H- itk g

Chin. J. Org. Chem. 2013, 33, 2417~2422
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(3m): AEFIAR, mp. 100~102 C; 'H NMR (300 MHz,
CDCly) d: 1.30~1.32 (m, 4H), 1.55 (s, 4H), 2.08 (s, 12H),
3.64 (t, J=7.9 Hz, 4H), 5.33 (s, 4H); MS m/z: 272 (M");
IR (KBr) v: 3074, 2930, 2910, 2857, 1510, 1467, 1453,
1429, 1412, 1383, 1326, 1063, 996, 838, 751 cm '. Anal.
calced for C;gHxN,: C 79.36, H 10.36, N 10.28; found C
79.32, H 10.33, N 10.34.
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