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Abstract

Heteropoly acid (HMA and HWA) catalyst was found to be a highly efficient catalyst for the rapid
and convenient synthesis of Friedel-Crafts alkylations through indoles and 1-vinylpyrrolidin-2-
one in water at room temperature, and the reaction proceeded smoothly with good results under
the catalysis of HMA (up to 98% yield). All the corresponding products were characterized by NMR.
The approach exhibits the advantages of simple operation and mild reaction conditions, which
provides a convenient method for the formation of carbon-carbon band in organic synthesis.
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Figure 1. The Friedel-Crafts reaction of Indole and 1-Vinylpyrrolidin
2-one
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B o RS S ZF-2 B = HRAMYG A E M HAERR (200~300 B, 5 SEEAL T ) BT
BRI Adamas-Beta id5 A T, FRIRZALEE,

2.2. BirLEY 3a-3m A REM ST

H AR S0 A (LA 1a BIE BCAB)): KER5I-E0.1 mmol, 11.7 mg). 1-Z&FEMES 4E-2-H (0.1 mmol,
11.1 mg) FEHELZ(0.005 g)¥ T-7K(0.5 mL)+, =B F: 4 h, TLC fill e . kB 5EEE)E, HENT(CER
B A EE = 1:5 Yt s aifb /3 Hhnr=4. Bt &R W T :

3a [8]: 1-(1-(1H-M5|WE-3-38) 2 3L b e -2, 1 8144, m.p.165~167°C; 1H NMR (400 MHz, CDCl;)
8: 8.26 (s, 1H), 7.63 (d, J=8.0 Hz, 1H), 7.37(d, J=8.0 Hz, 1H), 7.22~7.18 (m, 1H), 7.13~7.10 (m,
2H), 5.78 (dd, J=20.0, 4.0 Hz, 1H), 3.31~3.25 (m, 1H), 2.90~2.86 (m, 1H), 2.44~2.42 (m, 2H), 1.93~1.88
(m, 1H), 1.84~1.79 (m, 1H), 1.60(d, J=8.0Hz, 3H).

3b [8]: 1-(1-(1-HR:-1H-15[W-3-58) 2 FE) Ak g e-2-B, 3% ek Y "H NMR (400 MHz, CDCly) 8:
7.63~7.60 (m, 1H), 7.32~7.17 (m, 2H), 7.12~7.08 (m, 1H), 6.97 (d, J=0.8 Hz, 1H), 5.79~5.74 (m, 1H),
3.77 (s» 3H), 3.29~3.21 (m, 1H), 2.92~2.86 (m, 1H), 2.45~2.40 (m, 2H), 1.93~1.70 (m, 2H), 1.58 (d,
J=7.0Hz, 3H).

3e[12]: 1-(1-(1-"% -1 H-M| WE-3-38) 2. 36tk g e -2- i, Tt piRY), 'H NMR (400 MHz, CDCL5) 8:
7.64 (d, J=7.9 Hz, 1H), 7.34~7.30 (m, 1H), 7.31~7.27 (m, 2H), 7.26 (q, J=2.3 Hz, 1H), 7.24 (s, 1H),
7.21~7.16 (m, 1H), 7.10 (tdd, J=4.9, 3.8, 1.1 Hz, 3H), 7.04 (d, J=0.6 Hz, 1H), 5.80(q, J=6.9 Hz,
1H), 5.30 (s, 2H), 3.31~3.23 (m, 1H), 2.89 (td, J=9.0, 5.6 Hz, 1H), 2.48~2.41 (m, 2H), 1.97~1.76 (m,
2H), 1.58(d, J=7.0Hz, 3H).

3d [8]: 1-(1-(2-FF JE- 1 H-Fg| We-3-38) 2,35 ) L % fe-2 -, 19 €l 44, m.p.175~176°C; 'H NMR (400 MHz,
CDCly) 8: 8.11(s, 1H), 7.70 (dd, J=7.1, 1.2 Hz, 1H), 7.30~7.26 (m, 1H), 7.16~7.02 (m, 2H), 5.75 (q.
J=17.3Hz, 1H), 3.59~3.50 (m, 1H), 3.18~3.07 (m, 1H), 2.48 (s, 3H), 2.43~2.31 (m, 2H), 1.98~1.78 (m,
2H), 1.72(d, J=7.3Hz, 3H).

3e [14]: 1-(1-(5-50-1H-M|e-3-3) 2. 3% )k s e -2, 11 €l 1, 158~159°C, 'H NMR (400 MHz, CDCly)
8: 8.28 (s, 1H), 7.30~7.27 (m, 1H), 7.27 (s, 1H), 7.17 (s, 1H), 6.94 (td, J=9.0, 2.5 Hz, 1H), 5.73~5.66
(m, 1H), 3.27 (dd, J=8.4, 5.8 Hz, 1H), 2.90~2.84 (m, 1H), 2.46 (t, J=28.0 Hz, 2H), 1.91 (dd, J=7.7,
5.1 Hz, 1H), 1.86~1.79 (m, 1H), 1.58(d, J=7.0 Hz, 3H).

3F[12]: 1-(1-(6-Fit§ Fs- 1 H-M5 We-3-35) .35 e g2, 19 ([ 44, m.p.249~251°C; '"H NMR (400 MHz,
DMSO0) &: 11.80 (s, 1H), 8.31(d, J=1.9 Hz, 1H), 7.88 (dd, J=8.8, 2.1 Hz, 1H), 7.80 (d, J=2.5 Hz,
1H), 7.59(d, J=8.8Hz, 1H), 5.56 (q, J=7.1Hz, 1H), 3.31~3.26 (m, 1H), 2.71 (td, J=8.9, 5.6 Hz,
1H), 2.35~2.15(m, 2H), 1.90~1.60 (m, 2H), 1.54(d, J=7.1 Hz, 3H).

3g [10]: 1-(1-(7-FF 3= 1 H-M5| -3 -3) 2, FE I s oz -2 -l , 19 €24 1445, mLp.167~169°C; '"H NMR (400 MHz,
CDCly) 8: 8.06 (s, 1H), 7.48 (dd, J=7.0, 2.0Hz, 1H), 7.13 (s, 1H), 7.06~7.00 (m, 2H), 5.76 (t, J=
6.8 Hz, 1H), 3.30~3.22 (m, 1H), 2.90~2.81 (m, 1H), 2.49 (s, 3H), 2.47~2.42 (m, 2H), 1.96~1.87 (m,
2H), 1.79 (ddd, J=13.0, 7.6, 5.1 Hz, 1H), 1.60 (d, J=7.0 Hz, 3H).
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BEAT AR IR, ZETCHEAL ISR N, IOBTCr e il A8 H 2% 2 TR A IR (PWA) M EH ER (PMA)
AT, S S RENAARIBEAT, BB RO A, RV REEIS B 98% M=, [FIRF, RILEH
WEAS IR I A S SN, SRE 4 h Bl RETS 2 98% ™ F I H AR ™. I Ja=5 58 1 AL 1 F Bt S S 77 2 1R 50
SER IR, TR AL R BN R R K (0.0025 g BEESERIEAL OB, P2 R RS 76%); 241 b
TR R, OB ZEARREAAR o 1 58 I B A IR 2% A DA = 15 k(0.1 mmiol) 1- 2475 L 456 -2 -1 (0.1 mmol)
J PMA (0.005 g)7£7K(0.5 mL)+ = I < 5 4 h.

Table 1. Different condition effect on the reaction

= 1. FRIR B FHRITMAL

Entry Cat. Solvent t/h Yield*/%

1 None H,O 6

2 PWA H,O 6 82
3 PMA HO 6 98
4 PMA H,O 8 98
5 PMA H,O 4 98
6 PMA H,O 3 91
7 PMA H,O 2 84
8 PMA (0.0075 g) H,O 4 98
9 PMA (0.010 g) HO 4 98
10 PMA (0.0025 g) HO 4 76
11 PMA HO 4 98¢

ORI IHE0.1 mmol), 1-ZJAFEMENE 5 -2-BR(0.1 mmol), PMA (0.005 g)7£7/K(0.5 mL)F ik M. PAEE 2, 1.0 mL K.

3.2. RIMJRMIETH R

TEBAAAT THEIE T A RIS W 5 1- 245 Tk e Ao -2- ] 19 06 5 S B (52 2) 0 R M1 R 25 1) H 1) 2R 3R
b R BUREAR R o il 2 o HAREE, SN SRR IR BE4T,  IF45 BR = )7 % (Entries 1-7). 4 R
FHERFIER, W1-CH;, RBIIEETS H 90% LA E /7= Z (Entries 4 1 7); 24 R &M HUREE(W, -NOy)
I, N AT PATR 2] 76%007= 3R (Entry 6). 4M[ME N J5 -7 FE#EIE, -CH; A-CH,PhEUR G, M
WIRBEMEAFF] 96% LA L 1)/ % (Entries 2 M1 3). fJm, RRMNMBONESLIRHAT VT, B SRR
REEG, = Z0] LAREE 95% (entry8).

Table 2. Friedel-Crafts reaction by PMA
2. BIARRENER RN ¢

Entry 1 2 3 4 5 6 7 8¢
R 1-H 1-CH; 1-CH,Ph 2-CH;s 5-Cl 6-NO, 7-CHs 1-H
Product 3a 3b 3¢ 3d 3e 3f 3g 3a
Yield"/% 98 96 98 96 82 76 90 95

@R REZAF: TEM0.1 mmol), 1-ZFHIHEL I LE-2-H(0.1 mmol), PMA (0.005 g)7£7K(0.5 mL) iR M. KR =%, ¢ RIMLHEY K 100

fif o

DOI: 10.12677/jocr.2019.74014 106 HHL A5


https://doi.org/10.12677/jocr.2019.74014

RN 5%

3.3. RNHIE

BN 1-Z N 22 Friedel-Crafts S o] AEHLER IS 2 . MR SCRR14TAT AN, 1-
AT 2B PE BT A F T LTI B 7 TR I, SR, 1R 5 T 7 o 0 7 3
B B e 7.

¢ 37 O
4\% HPMA | C\® o N <M . HPvA
)
(S PV !

Figure 2. Proposed reaction mechanism for the reaction
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