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Application of Task-Specific lonic liquids to Organic Synthesis

Zhang, Chaohuai’ Chen, Gang” Shen, Runpu™* Ying, Anguo™”’
(“ School of Chemistry and Chemical Engineering, Shaoxing University, Shaoxing 312000)
(® School of Pharmaceutical and Chemical Engineering, Taizhou University, Taizhou 318000)

Xu, Huiting”

Abstract Ionic liquids (ILs) have been widely used as green reaction solvents and/or catalysts in organic synthesis due to
their advantages, including low volatility, good thermal stability, good solubility and recyclability. ILs have played a significant
role in accelerating reaction rate and selectivity. The recent advances in the application of ILs as catalysts or solvents are sum-
marized in this review, such as in Baylis-Hillman reaction, Michael addition, oxidation and reduction reaction, Knoevenagel
condensation, aldol reaction, Diels-Alder reaction, Heck coupling reaction, Suzuki reaction, asymmetric reaction, Biginelli
reaction, Mannich reaction and Hantzsch reaction. Relationship between structure and catalytic efficiency of ILs as well as
plausible mechanism has been discussed, which is beneficial to develop the novel task-specific ionic liquids with diverse func-
tionalities.

Keywords task-specific ionic liquids; organic synthesis; relationship between structure and activity; green chemistry; recy-
clability
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TG R AR RGEVAGNFI RS, BN R
A SN 5 SN BRI ASXFR SR R %
LI BNL. SR A X S TR B Al A 5 A POk R AT
ST, e ATAAAE K — L e R DL CRE RBS y esk ) 75
[A.

1 AR

1.1 Baylis-Hillman &z &

Baylis-Hillman (B-H)X B2 — B C—C B 1))5
TLHF RN, FEDAER B-H RN, H RSN Z
Ji DU . — S bes%, BEAE X BT TR, AL
FFAVR IR B TR E R S SAE RIS T B-H B
A TR SR T R R s B

Zhao BT/ G L T BRI R £ KE-400 551
AR (IL-400, 1) T Morita-Baylis-Hillman % 3 (Eq.
). BRI, IL-400 &V F1iA R Job et 7 &
75 75 I S A Wi () Morita-Baylis-Hillman <8, AN
L3 PR, i H R A HE AR (63% ~93%). B AT R I,
IL-400 7] DL /DI 5 Ik, PRIF IR BIR FE AR,

R 4mo Ho R
— £

> o

RI=CHO + “/ DABCO, r.t.

R" = Aryl, Alkyl
R? = CN, COOCHj3

Zhao ZPSAHRE T LABRAN 10 =T JE B AN A i 48
FONIEREL, 6l — RYIZEHE T 2, RE5KAER
BAE1E AR, HT#1k Morita-Baylis-Hillman N, %%
R, EZEEHEFERD, SMHESHERE. WHR
FH g Je A MG It Jie W7 DUAE = 05 N K £ Morita-Baylis-
Hillman [, S RE#ARP, B0RE.

Bu-n Bu-n
n-Bu—P n n-Bu—l'!’Jr cr
Bu-n Br I|3u-n OH
n=0,1,2,6,8
2a 2b

Zou Z5PHRIE T i F B & DABCO-AcOH-H,0
1EREFI-HEA TR RS 510 Baylis-Hillman < V. (Eq.
2). 3~5 equiv. K SHEWLETE UK EY), PR3 EHE S
AVLER R IR, 2SRRI RIEH T 05 & IR
TN BR I TN I S 3248, IOV s TR 5
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S5 BT WA, DRI A IR B AR R T
DL 7K R0 = 52 8 . DABCO-AcOH-H,0 %711k
REvTLLE G 5 R, B HRREERR.
DABCO-AcOH-H,0 OH

25°C R

RCH,OH + X EWG EWG (2)

R=aryl, akyl EWG = CO,CH,, CN

Lenardao Z£COMRIE 7 4 il B2 1 B T W 44 [pbeSe]-
BF, (3)MfEAL I ANk HL T4 /2 2 [ 1) Baylis-Hillman
Mi(Eq. 3). WFFCRM, HALF 3 Al e & BAE = iR N AT,
AR mEreR, AR F 080 S TE. Al TA A R
1T FE H [pbeSe]BF, 2 i) Fa 2 il s 1 Jse B 2,
JBIHLEAR Scheme 1, B G 1,4- 8 AR 3 [2.2.2]F
FE(DABCO) MU 1T H i), 13 EIImNEsh, BHh ol
FEBBIWIER AR a, 50T R TR RS I 2L
FITFE=H).

CgHs + _
|
C4Ho—Se—C,Hs [ BF4}
R2 HO R2
3
R'CHO +W —_— ©)
DABCO, rt. "

R" = Aryl, Alkyl
R? = CN, COOCH3, COCHjy

o

o, /\Afﬁw R4SeBF,
(K;\ R’ LN ?L

R °H
AT RiSeBFs
%/ Rzﬂﬁ/éw
+
OH O A‘
N
R? R a

B 1 [pbeSe]BF, {1k Baylis-Hillman < S A/LHE
Scheme 1 Plausible mechanism of Baylis-Hillman reaction
catalyzed by [pbeSe]BF,

1.2 Michael jingk

Michael RS NER HLA & — R, i1
ZHEME R, C—C B E ik, 2RI 1
B AR KRR B BB F B —.

Laitonjam Z5CMRIE T 1,4- R RXR[2.2.2)F k¢
(DABCO) R 51 B Tk 4 AT M H AL BP0 5 aup-
AHIAIES . 51 Michael IR M(Eq. 4). ZRNAEE
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T T RET, T HAE 5(85%~100%), 45
Jei, 77 it DA I [ A4 O R T o B kL TR N,
TR R T 52 T R o i S K P R B S T AR
K5, HrF[C4DABCOJOH ML FI & A 5 mol%
AL R R BT (97%~100%), FITEIAEH 6 &k, &tk
BEARRFFAA.

I~ N n=4~9
N\/\’/N<\/>n A" A=cl,oH
4
R1
)N 2 R1>C<W @)
R2 5 mol%, r.t. R2 W

R', R? = COOMe, COOE, CN, COMe, etc.
W = COOMe, COOE, CN.

Belfaitah P24 0 7B Tl 1-7 3E-3- FE Rk
VUGB 2 25 ([bmim]BF,, 5) T4k 53 F %24 Michael
IR BA(Eq. 5). ZR =& OG5 55T
WA B, ERPD IR 18 B R ST AR RSN S5 B F=42)
FEARBA MW, 5 (EZR P HAE NIRRT, AT LA
TEFAFIH 3 &, WEVERERCN R, EEAMAH =G, WS
TR 11%~19%.

FATREBLAL) DABCO M 3-5-1, 2-P4 —FF MR
BHG T — R I S A 6, F T4 a, B-A
LRI e AN e SRAL A P ) T 77 2 4% Michael RS S o
(Eq. 6), WKL, & FAA[DABCO-PDOJ[OAC] AL
R b, MBI EMIRI(X = BF,, BF, , CF;S0;)
S BER TRV, ISR B (R 4% ~9%). Ak B s
ATEEEH 8 K, TREFR M MG E. N ALEE 4
Scheme 2 filT7~: B TR N 57 _E A0 B T35 7 g 4
AR FEREE RS T, ARSI c—C X
BRI, 7T, B TR R R S AT K
S, BEENE T, AT A I, AR A
B AN T (BT 1) 22 5 THIIE S8 S AR LE.

2 SHWEERERM

21 |HRN
Wang 2B 70 T DAES AR VA FI 208 oxa-
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OpH, Nr
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0 HO
-§ . éi :?
N
N <N <>

E= 2 [DABCO-PDO][X]f#{LIK Michael sk jo NATLEE
Scheme 2 Mechanism for Michael addition reaction catalyzed
by [DABCO-PDO][X]

Hydrogen bond

()a@)j )

(a*)

“{}‘raw(%&‘@)

A @z ‘“QD CE 3
C

B 1 DABCO-PDO (A), NN Bt 1% (B) LA J 14 ) Bt iz 5
[DABCO-PDO][OAC] &4(C) I L 1r

Figure 1 Charges of DABCO-PDO (A), acrylamide (B) and
acrylamide-|[ DABCO-PDO][OAc] mixture (C)

Michael 84k [ ¥i(Eq. 7), LA Cul AT, B /REAJR
WV, ONZAFRFN, AR, FEPICR E(RTIE 98%).
FUUEBH, TE 4> F I % s BT 5 e ) & L iR R ik
130 C, LA[bmim]" FR 5B TR M 5S35 751 R K B AR
T N (R AEEE(S0°C). HorF [bmim][NTH] (7)K%
U, S SCIGE, BT DATE R S A P9 A5 3 R 0.5 h,
K 94%).
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Cul (10 mol%)
B ————_
7, 50°C

Vos ZEPOWFF 78 1 BRIKK B8 A S A0 A S RS
1k W% 2 ) A AL ) B (Eq. 8). BF R R B, & 1 Wik
[bmim][BF,] (5)f1[emim][TsO] (8)R E#Hht, Xk N
TBEEERS, R ATIE 86%. RN AIE)E, W HIE R,
TEZR B T B =) A IS A 73 5, ATDLE
FEMATHEAT =0 50 B8, AT EEA NS R R T, it
Ab, BT RAARE 78 A A [ E A B, VR
PEFAAEH, B IE IR EE 100%, WSEE & A RIE R
TR

AN~
\—/ TsO
8

OH pgn* e}

A * 050, ——— M+ mo (®)
R R Ls R R

22 RERMN

AR AT AR AR % ) SRBURADBE 1L iR
AR [ 4 7 R 2 24 P AAAD TS A Gt & i v —
B, B SR, HUSCR(R.

Sahiner 5PN IE T #EER 4 B TR [p(TA)-Cu i
1EIF) 4-FE2E 2K (Bq. 9) W #5(MB, Eq. 10)FIIEZL
(Eq. 1DMIIRJFE ML ZARR T 4-F5FE 2K F AN JE 00 )5
FfEE, MB b JES R E R LMB, ML S E L
R RN MB 7E P(TA)-Cu B TR % s, X
JEE B . BB LD 2RIR EIBREE MO IR, 7RI %
PE BB LA JFE ARSI 1% R NAE P(TA)-Cu 25T
WARRAERTS, 10 min AR SE4S. ZFFCH L
Ji [ N F AR HAE A TE T, 75 AL AT HLAY FE Ak & A
Gekehys Yooy H KA B R SERR R 7.

NO, NH,
© p(TA)-Cu ILs © ©)
OH OH
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TA -Cu ILs

QJ@

B (blue color)

|
N
Q ]@L

LMB (colorless)

‘00C -00C
Br p(TA)-Cu ILs! ILsBr Br
(11

Eosin Y Reduced Eosin Y

Singh WENAYHER T a,a- — FKF-(L)-R &
FR IR LS B T4 9~10 A1 BH;SMe, 41 &L I 2
il (R NS BRI S5 BE(Eq. 12). BF 7R B, 10 AR e PERE
U, 10 fOEEBEARAS 9 MR sE SE InAzoE, HHBA RIFM
W2 (94%~99%) FI DG 2= 4l (ee fH, 81%~88%). 1%/
RifE 70 ‘C. THF AT, BR 1 h, R EA, 5
TR ET R EEMH 4 Ik, IF BAORF e
(91%~99%) 1 ee 1H(81%~87%).

*/\/\)J\
GN o}
' Ph
N -
X Ph
9 N OH
Ph
Ph
10 N OH
X = Br, BF,, PFg.

i IL (10 1%), BH3-SM on

mol%), BH3-SMe, - 12

©)J\ THF, reflux ©/\ i
Kim #F 78 /N 1 W 8 7 B 7 WK [Co(mpy),)-
[NiICL*~ () # T PVDF 44k £74:15 3| 8 &+ Kl
PVDF-IL AL I 05 B RS A A P8 iR B (Bq. 13).
BRI B B AR U M 2 BOE 4K £ 4
i, £ NaBH/H,O 7T R A 5 s L &4
ARG, WEFC R, PVDF-IL b 11 AL T, SR
M. 15 min RIS ERAESCR (76%~90%) HANFZ I 55 31 1 (1)
BREREHE. A4, PVDF-IL i & fa . #:4E 58, N

OB YEN . TR, BAK.
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Q N|CI4]2

NO, NH,
NaBH,, H,0
X _— X
| e PVDF-IL, rt. | S (13)
X “x

X =Cl, Br, I, CHz, OH, NH,,

3 HBERN
3.1 Knoevenagel 45&

1 5 PR Y 40 & 0 2 18] ) Knoevenagel 4 & /2
TE BB B XU B (AT WL S 2 — 4L iAW o p-
NERMBELEY, /T &R 4M. BE
WU Aot i AT ARSI S v R .

Tao VR F a7 B o A0 S 2 A5 i 1 DO T 2R Tl o
R Eh B T TRAAR([Pasaal[AA] 12), 7ETCIEFIZAF N AL
b 5 2 B A PR F A P11 Knoevenagel 466
(Eq. 14), HA KU KR (85% ~93%). 4 1 & 31,
[Paass [AAIFIEALTE M52 pH E A1 BH B F RS20, 5o b9
A BT R MR, A E T A ERR, L
BT, 40 °C TN 20 min, WCEIA 93%. HE T1£%
1) Knoevenagel 4 & B, %N IGFFE SR [A]
B IR, AT D, [Pyas][Pro]rl AR D EHEE(E
6 IR, IRIFFEVEIREAANZ. "I HERT M HLEEUN Scheme
3 s HEALT[P sl [Pro] b i ff e il it SR 1S AL 55 &
PR, A B T e A 2 B A, TR
T A3 AR e i R B Mo i ik, P g DA 3 A 1) 0k
HE b, FE MK OB,

[AA] = Pro, Val, Gly, Ser.
12

™ CN 12 |\\CN
+ _—

% 2 PZ R?
R
R! R!

+ H0 (14)

Bahrami Z£P"4i& | Bronsted B2E B Tk 2 k%-
1,2- 4 FR A SR (EDAHS, 13)7F+ ke 3L AR #9(SDS)
AR P e T B SN . Bz & 1,3-—H
R L Z R 1) Knoevenagel 46 & = N(Eq. 15). flifi 1A
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Scheme 3 Plausible mechanism of Knoevenagel condensation
reaction catalyzed by EDAHS

SDS TE R I8 AR RE S LK R IS I E HUR YD, DLHAE
K NS, RE N T I M T A S R TR W AL A
), (RS EDAHS M7l Z R MNAEKERF
HHAT, RAEHEBSCANUAR, BIER R, BA RIFm
W Z(80%~96%). FIBEMI M ALEE W Scheme 4 Frn:
EDAHS  HIFRYE 73 (e 31 56 70 ) #0775 B i i 22 4500 1
fh, BN T BRIERR A HEIEYE; 55— 7T, EDAHS [ 2
T BTN, 0T A2 BRTE R F A A W R T T
T, TERCEARZRT. 1 R AL SRR N e AS 1) & R S i
B, 1 BRKAS B S 2 =)

ﬁ/\/ﬁm HSO;

HSO; Hal
13 0
ArCH,0 :(_/( 13
r + NC CN or O N—X - =
2 ~ N SDS, water
X 0
Ar (0]
on 0
A
Ar/\CrN or (@) N_<N—X (15)
X =H, Me. X o

Shi HWAU/NAPIE R T RA S Tl 1-[(4-F 3K
F) F B ]-3- P KM FL K I (BPIL, 14), fiE(LES . B 595
PE H AL A1) Knoevenagel 44 X N.((Eq. 16).
A BPIL [AR B A bl R mys v, Mo e ik
T @B, HAh, AR TR RO R
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Ar=C—H ————= Ar—C—H OH
*H Ar—C-H
"G H EDAHS ,--G /G H
' —_— N %
TR
GH -G H
Ar
EDAHS  p,0l6-n _EDAHS — H_ G
- > < h
+H* :'G H W HoOo A G-~

K3 4 EDAHS 2 5/ Knoevenagel 44 = N AL EE
Scheme 4 Plausible catalytic pathway for the EDAHS-mediated
Knoevenagel condensation

©)
. N
pn s
72 Hy /=N
HC C —N
<)
14
1
R CN rt,14 R ©CN
=0+ T e N L ho (e
R2 Z H>0 RZ 7
Z = CN, COOEt

o, BSFA BPIL fiRRIWE v EEEH 5 RIFIREE
AL 1.

BATHRGAP? Pl DABCO 1 3-54-1, 2-7 N &
BHE BT — RPUBT IR R A 15, H TS &
M5 o~ 75 IR (2 5 R BI0CR 5 1) BCAR IR I H 64 & 0 1
Knoevenagel 45 & [ N(Eq. 17). A SRR #E IR~
KT, =] B RS S R 4 2 B AL 7 AT
MEHAAE 7 WA ¥ K9G M, BF 5T R 3L, [DAB-
CO-PDO][OACIHE1b i M B i, R R1(73%~96%). LA
2 PR R 2 I e W2 2, i 1) S S B, SC R R T T
AER) SN AHLER, 4 Scheme 5 FTan: — 5T, BT W& N
JE ¥ b IO 5 8 R 3 b 1) AR T s M
T S — 5, BRI R v DUREE (1) B SE T
BV, L I R I, R R S T ORI
fic; DRI AEC 2 T DUE A A AR FH . BRATTR FH 2 A Ak 77D i &%
BT A3 Aty T 45 B B e (Al A (B 2), OB BAZKCRIVE 7, iR
7 3 h, =245 3 o A]44(83%).

Xing W7t/ LL DABCO AJERL 4515 2-
A AT O 3 RN RLIE S — B R NA R T R R
FEIhBEAL S T4 ((DABCO-HEE]C], [DABCO-HPP]Br,
16) /] T 4L 2K i 55k 208 2.k 2,4-Eme e — i
] Knoevenagel 4i& M(Eq. 18), HAHMERKER
(99%, 92%). W5t K& I, [DABCO-HEE]CI #EALRCRAR T
[DABCO-HPP]Br, fEEMMAL T, 1% MNAETLIEH,
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X = OAc, BF,, PFg, CF3SO0;
15

PN OHC
o N e N 15
S NFX * r.t., water
m n
/ Yw (17
\
X=C,N,S;Y=C,N,m=0,1,n=0,1

CH5C00"

o
N ﬁ/\h _.C[“g_g_@
= p & on
Som
qu\
N H N
@[ - _.@[ — H0
S CN S CN
SeTer
S CN

Bz 5 [DABCO-PDO][OAC]H VI 25 FF AR I g -2 7,
IR S SE AL
Scheme 5 Plausible mechanism for the reaction between ben-
zaldehyde and benzothiazole-2-acetonitrile catalyzed by [DAB-
CO-PDO][OACc]

o &

HN —_— —_—

[DABCO PDO][OAc] @

Key intermediate

% OH OH O Ca?*

Atorvastatin calcium

B2 AR yTES R —Fh & s
Figure 2 A synthetic route of atorvastatin
40 CHIZAE T RV 20 min, YH5 A E] 99%F1 94%.
RIS, Il W RER &Y B B, JF
HARFIR I B R A A, ATl E S
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4 %, TETETCHIE T B

cr Br
A N\7 N
[DABCO-HEE]CI [DABCO-HPP]Br
16a 16b
H.__O
CN S 16
+ ( or O/A/lo »
CO,Et H
CN ?
Ph—C:< or Ph/\/«NH (18)
H co,Et S
(e}

3.2 Aldol H5&

Davoodnia Z55HRE T ERIEE FIE 1-(4-FEER) T
FEMEE AR IR A 2 ([PY CSOsH][HSO,], 17)fEAL 55 Al
LR R5E X Aldol 466 )R Bi(Eq. 19). AT 1FIFH — %1k
TE(A300S10,) #4717, SN 45 o e o 38 BT[]
17, AT AR D EE A 4 R, IEERETCR R, i
Ab, 1ZRAETCIE T RIS T AT, WAER. SRR
AR E b6 R

HSO,~
17

o)
o)
0 17/A300Si0O,
Ph)K+ i‘j +)J\ + AICH,O — >

solvent-free
130°C

(0]
= Ar+Ar/\)J\/\Ar (19)

o}

0
Ph)J\/\Ar + AN

Gonzalez-Olmos %594 i T — %41 Bronsted 551
TR 18 TR RS | 3,7- 1 JE-2,6-3¢ IR mE AR
il () Aldol 4 & 52 Mi(Eq. 20). BF7CKR I, 19 HfEAL KR
A, KHBSHERRN 2 h 5, BB BEKCR 98.4%,
3,7- W26 AR SRR, 7 h, 193] 37.6%[1)
W, R, RGP IMANZERK, HiteEEE
15 h, 7KAH AR B 3 AR 48 el 1 28 P [ iig, m] DAEE A
F 3 IRTEA BB TS A . AR TR T R TR
A TE R L R R AR &L, HElSE R
&, W2 RIEMMER, st FEE, ik
RTTE IR SR AL A B AL G R AL 5.
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+ H +
3
0 o)

X X

iA)k
Gao W70/ NAPVE i T Z 4 2k B Tk 20~24 A1

DU T L0l 30 88 Tk 25~26, TEWUREEL T AL 75 7
M FI AT Aldol 46 A [ Bi(Eq. 21). BFFT IR, 20 fEfL
WO EAR, B 80 C, KA 30 min, WA F|
98%, HALEIMEIL 99%. MATERIT T I X 1Z 5L 50 %
(PIsem, 45 R KR R R BVE A, R T 5
TR KA, HEGERG=Y G, WERR K

FES PR, TCF k5 AR R AT {4k — AN
B2, 3t PR, R R T RS E R 5 K
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P

\—N( “NT"soy \_N(

Bu. ;
) BN ) N N/\/\SOS
20 21
§+ _+,L/\/
N /\N/\/\SOS_
\ITI/\/\803 H
H 23
2 §
+
VN
_'lh/\/ ~o~_R H NH,
HoN N O
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HARFFICRTE 90% /47, HRMIHAAEE] T Henry K

..

(0]
o CHO \
1 (7
R// 2 I
R

Wei P55 BT — R 508 B W R Th R AL
Bronsted FRES T4 27 F T4k 75 5 B F AR 1] Cross
Aldol 45 R BI(Eq. 22), FHkFEnd k. FH IR DKM iR
B FIRAARAE T HEZH, DK S S 2R R A AR S
UM ILs FIMEATETE. BFR RN, 27 Mt s
TR & R, HAEIEMES ILs MERMERUEL, A
AL R R B, WSCRATIE 91%. [RMNEEH R, BHiRA
WA HL R, BR8N, SEFHERRERERETT
BRE RN T 40 v, HESMEA 10 R EA B
AL TG 1.

~ .
sosH/\/\/N\/N —\_L
X SO4H

X =OTf (A), HSO4 (B), H,PO,4 (C)
27

27 X =
O + ArCHO
)n solvent free or EtOH ), (22)

n=0,1

Ar = CgHs, 4-CH30CgH4, 4-CHyCgHg, 4-HOCgHj, 4-(CH3),NCgH,
4-NO,CgHy, 4-FCgHg, 3-NO,CgHy, 2,4-CloCeHs

BATRBAHCS LU BR (1) 2-F 3k 2B N ERHA R T
— RYIRIEE T [SFHEAI[X] (28)F T AL RERI
FLE IR Nitro Aldol 454 < M.(Eq. 23). 7E IL (LT,
ZR PN TER, B3R A B EIREO1%).
RMERE, RNRE CIR CBERERL, SR 5 72 28080

ZOEBEH 6 I RFFSCEREARAAE. FATIRBIH L
i 56 FR e A1 2R FRBE S 9], 4 H T Rl RE Y R LML ER, 4
Scheme 6 Fr7n: IL 5 R R S . A5 H eI B — LA
e, WEORRERICE R, FIRVEALRS SR b, 193 2-hH -
1-FR3E R AL B 5, A AT 21— AN 5T s 1)
FHESF B, i KIS 215 5.

o)
v 4
HO.g O~ ~N"7 0
i7~o H,OH
o |
o)
OH /\ Q)\
Ar”, “CHNO,
Ar” CH,NO, \,['
A B

0
g +
OI:OI\N/\/O\S//O
ol e
1 1
)OL os o A N0, H,0
Ar H

BR 6 BTtk [SFHEA][HSO,]f# L) Nitro Aldol ML
b

Scheme 6 Proposed mechanism for the nitro aldol reaction
catalyzed by [SFHEA][HSO4]

3.3 Diels-Alder & 2

Chrobok PP & R T — R EA F 5 AN
WA 29~34 F1 4, H T AR GRS kiE — 2
Fig K R BR TG Diels-Alder SON.(Eq. 24). %M 7
i 7e N (endo) FIAN Y (exo) RIVE A9, BRI, AL
TR e R R A, PR, RS H RS,
PG PERRLT, $ D-HI A S R PR 29~31 B R
TR 32~34 T 4 35K, Forh BTk 29 ik 4%,

RN N e HO HO
M= IHAE CREh B4, BRI R A=Y, RS |
R ; R . 0 0
BB TAREIKHNZE 60 CHIES T MK, AT LL OH Dm0~ H 5o _~UNC
© ™ o NTf,
o OH NTfy OH 2
§-0 H20H HO 30
Ho S0 &P x 29
I OH +
© OH° O\)\;’Li Ho/\(\NRii NTfy
- OH
X = HSO,, NOg, CF3COO0, CH3SO5 0 NTh R= CHe CHaCHs, CH.CH,CH,
a8 OH
31 32
T
HO™ "N . v
CHO 28 N0 | T2 \/\T\ NTF,
+ CHyNO, —— (23)
110 °C 33 34

Solvent-free
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REVIEW

R'l
O, e
R2 Dkt R' (4
R1

R' = COOMe, COOEt; R? = H, COOEt

BRI M5 5 HR 5 20 A A (85 %), AR 2% R IR ML
1 h, BAFRAERCE(90%~99%). & FWARLE = IR T LA
WA AL, RESTERERHAERE 430 CH
TRFFFER E 1.

Liu 408 T 28R R 3 A T 28R BRI
ER([AME][NO;], 35)f# 4k 1 2R I I A1 FH 22 PR 445 R R Tl
2 A1 ff] Diels-Alder /% (Eq. 25). #f72 & ¥, [AME]-
[NO;] 2 2 #% &y B g i 4F A, L 0 s 1 o0 2
[AME] " FH & 1, &5 FF 5 79 0 R e R 2 b 1) T 1k
N—H--O [JEUHE, 87 747 TR 16 110 ok T X5k 10 AR 12 3
o, AR N RIRE R4, RMNHLEEG] Scheme 7.
BE— SRR B, B AR 35 L% N, [AME]"
0B T BT IR, A7 LE RN B R R T R A SO R
o7 () AL B BRI T B 2 /1) N—H---O [W5, et
SN BEAT, WOZ SN B PR S S5 e A7) ) e PR
REERT

COOCH,
*HaN "'L{CH:}, NOs
35

(25)

COOCH;3
1 CH .
+H3N)\H 3 NOj

A : P00
COOCH,

X7 B FRIAE[AME]NO; 1L Diels-Alder S fFHLER
Scheme 7 Mechanism for the Diels-Alder reaction catalyzed by
[AME][NO;] ionic liquid
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4 BEARK

41 Heck RN

Lee Z5°HRIE T LAES FiliAk 8 A7, WTEA ST
2841 36 184K 11) Mizorokie-Heck [ MN.(Eq. 26). 1% N
FEZ= IR FHEAT 12 h, SIS E S UCR 95%, HARALIE
IMEH 8 Ik, SRR TF R I IR AL s

R= CH3, (CHz)nCHa, n= 5,13

36

<:> /< /\n/o\/\/ PPhs, NEt;, 36

100°C, 12h

\((jﬁwky\/\ (26)

O

Nowrouzi B 2HRIE T AL R B PR RN
PPh,, 37) NV Heck & M(Eq. 27), BA PACL AL
A, 2K N5 75 7 KON, TERRME A E T N AT 3k 1S
HARWCE, WK, B RA S HEATENE, 8 min NFEEE
KT 95%, NaOH M@ fgik 7], b HARHR 5] s
(EtN. BusN) 30%~40%. 5 #0751 RN BS T 1
AT DAIE I 1 B ) S AR ER A B R, wT AR/ E G A 3
K, I HARFFSCR AN AR,

G G
T0 o

37b
O/ /\@ PdCl,, 37 O/\/@
27)
NaOH, 120 °C / Z

X=1,Br,Cl

Luo W58 7 LLES 74 ([Bmim]X, 38)F1 HBr
(I 7K IR, PABry HEAL I Heck [ Bi(Eq. 28), LAk
B 5-CU-1-BE A, 76 50 °C Rl LASR A5 AR e
H(94%). WFFL &I, [Bmim]Br/HBr EAEAT IR A
R, A EEE TN LA BRI 0.5
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mL [Bmim]Br A1 0.25 mL HBr. SMNIEFEHN 50 C. %
LR AR, 5 TR, A cis-1,2- s 0GB

WEMRIA SR HE T — 2K T AT HER 28,
/\/\NAN/
\—/ x
X = Br, BF,, PFg
— « PdBr,
— NN _—
Q ——=—X+ & OH
R/ / 38/HBr, 50 °C
X
Br. p =
| = 28
b X=Br, Cl (28)

R

R =Ph ,4—MeCGH4, 4-EtC6H4, 4-t-BUCeH4, 4-PhC6H4, 4-FCGH4,
4-C|C6H4, 4-BrCGH4, 2-C|CGH4, 2-BrC6H4, 4-MeOCGH4,
4-Me,CgHg, 2-Thienyl

4.2 Suzuki &R

Suzuki A& H R R T BB s i
L HAaz SO B e d B 32 AR 1, OS] BT
% CHO. COCH;. COOC,Hs. OCH;. CN. NO,. F %
H Ae BT SN T AN 32 5200

Chu Z W I T 8 T 7 TR, SRR 75 2
X575 MR AR Suzuki 38 X AR B (Eq. 29).
WAL T AFIER S SAF AR s, 455 B8R, 1%
AT B A S IR T LRI B A A, 2585
MLk, MUK T s R IR AT A (96.7%), Hakt
Toig gy, BRSNS HAE IR, b 1 HE R
B"Jﬁﬂi 1751 [ WACR A

Q i(TFA),, PPhy —
X + (29)
<3hwmwﬁmwwu// \\

R! R2
X=1,Br, Cl

Sarma BF 70 /NI E BT — R A PR 39, Tk
IL/LICl 4 & A T 4k 0% 25 o0 5 05 B e 1 & W i
Suzuki & M.(Eq. 30). W70 KI, [C;-DABCO][dca]ffH
ORCREF, PR TTIE 90%, HSS AT CAYE TCHR
TR A N AT, PRAR T R IERAEAEE . 4T
A, BEAh, NIl I ZBEAREEE S, 15 B
PEFIAR R RIS PTG IAE F 220 4 Wk, FROR RS T
A,

5 AR

Zhang 5T T BT IR SRR AL R R N
F, 2R 1 e DAK RS B A N TR, i g o
M 2D LA AR T 1-[2-[2-( AR B ) — S BRI TV P b
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Kﬁ;\/\ oH K%;\ OH
\

[bmim]OH [emim]OH
[N/\J CH,CO0 [NJ N(CN),
CaHo CiHo
[C4-DABCO][Acetate] [C4-DABCO][dca]
39
39 — —
Do Drvomirag O~
BrH (30)
Qr " %) BOMepycy,, Lict X /N X
R1 R2 R R2
R'= CHj;, OCHj, CN, CHO
R?=H, OCH,

FE P 47 £(40), K RuCly(PPhs); 73T 40, 15347
BT Ru-IL, 2575 B SRR AL
V(Eq. 31). BFFERIL, PARZR/H,0 i, ££30 C
B2 1E R B 12 h, BRI~ A R
U (PTUSC 2R (99%) FH X L #5E 14: (97.2%). R ML 45 R s, [F]
WeE A AR E, JoHREAEE, I F 2K AT A
EIEIARI . ZMEATR T DGR 20 4 IR FRE
AT A Ko B 38 P B AN AR

PPh, O
é/QLR* x
N

Fe

<

R = 1,2-dimethylimidazole
X = OTf, PFg, BF,4

40

o) OH
| B R2 Ru-IL, 30 °C A R2
_ - = | (31)
X KOH, toluene/H,0 X
R1 R1

Singh Z:7VR] I B 7 VMK A B C 74 ((QN),PHAL-
[Csmim]Br, 41), /5 H# T OsO,- E R A E ALY
(OsO,-LDH) 43 2| 2 #HAE AT, FH T A A FR AR AL,
JRBI(Eq. 32). LA IAE B A NEY, [bmim]PF,-
H,O-IW i N7, [N Z&AFRER, =il N7, xS
(96%), HA FAR IS ARGESENE(94%), HAEATFI AT LA
A P 20 5 VR AR R A 3 e R o e B v AR AR AR

Br-
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LDH-OsO,, (QN),PHAL{CgmimBr ~ 2H <
R R @)
PR [bmim]PFg-H,O-acetone, r.t. Cé)H

R = H, Ph, CHs, CHoCHj

Hou HREIZHM LB A R 4T £ o FRL & i T —
ZHEALF] [PEG-2000-C,mim][Ru-TsDPENDS] (42),
F LIRS0 S P AT FRE AL X B (Bq. 33), B
AR ISR (99.7%) A STARE B ME(97%). B TR KB, 42
(17 4o 5 IR e B 25 -4 A iR A ME AR, DASR Z A 9 AR
i, 40 °C 3 2L KR 3R OS] AR
AT LB F R R, RNER G, BFRERE,
fEAT M AR R SE AT TE, (] SRiAT B 25 2T
W, BPETIRI 42, FEIRAEH S 0 M A PR AT ik 3
PEARFFFEAAAR,

_N
CN e NNy,
n=147
42 -
o OH
42 33)
Ar HCOOH-NEt; AT

Ar = CGH5, 4-BFCGH4, 4-C|C6H4, 4-N02C6H4
4-MeCgH,, 4-MeOCgH,, 4-Furyl

6 ZHEIRE

%2 Y143 N (MCRs) 2 $8 =N B = AN DL _E AR 4R R
BHEN RN, H “—8E” s d m—A %~
Yy, LML &6 BTl R B & ok, %
oAb N A B E R B IR R s A s s T4
DEVESEAE S, R REBEIE WL R, T8 2Tt
H5E M HEER TR =6 b AT 1Z R .
6.1 Biginelli R &z

Aghakhanizadeh Z5(“HRIE T Bronsted FR S TliA
N-FEE-2-mik g be i e e — 2 3 ((NMP]H,PO,, 43). 2-iit
% A5 1 R S 2 ([Hnhp JHS O, 44) A1 N- R 3L -2- it i 45
T B A Eh(INMPIHSO,, 45) /441 Biginelli [ ¥i(Eq. 34).
ZARYNE TR DAE T A 4N, AR5 &
B W8 T/ LT R TR R AT IR /BR IRAS BRI 3,4-
A NE -2 (1H)-FE (BRI AT AR, SR AR R
(80%~85%). RILZEW G, ¥ MG RA H 2 =i,
N> EZETEK, PR B 5, KBRS K. K
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REVIEW
(0]

. 0
HN + N
/ B NH
HoPO, C M2 hso, N HSO,~

o)
(INMP]H,PO, [HnhP][HSO,] [NMP][HSOy4]
43 44 45

CHO o o
0,
N )J\/U\ IL, 60 °C
Z—./ + RO +HoN™ "NHz  Solvent-Free

R=Et,Me; X=0,S (34)

/’E Z =H, Cl, Br, OH, NO,, OMe, N(Me),

FH A ) B AR 28 R AR 5 IO\ — & b, 48 0k 28
T TREEATIEMER 2 5 Wk, TCHERTE K. DA
1AL [Hnhp HSO, (44) A%, NHLEE A Scheme 8
Frm: %6, BESmIRMRAE BTk r it T 45613 3
P A, FERRTE S F IR R, s
FHpEA b, R )55 LBE R 08/ R CH & NASE]
HHiEfE ¢ BEJE o MIFEREE SIR/BUIR NH, 466, 19 236
L1 Biginelli f=4).

B 8 LSS TR [HnhpHSO, ML & 3,4- — 2
WE-2(1H)-FA () RT2E P 0 S SRR
Scheme 8 Proposed mechanism for [Hnhp]HSO, as selected
ILs that catalyzed the preparation of 3,4-dihydropyrimid-
in-2(1H)-one (thione) derivatives

Liu U@ WP R FAFEa R T — RIIERE
B T IRUAR(TSILS, 46)F 72 K P 57 h AL —#A 2
Biginelli & M.(Eq. 35). ¥ & A EREFIRHEE. 2O
LBRATPR AR ARG IR EAE 90 CF M 60 min A fE
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FEMEMT ), RITZUEACT R L Z R, [FIR, AL
FIBE RN 2 mol%, FFHEINME AR FEx T
W REM. 77 S RO B, SR T IR DR O
BEATARATACHE, BIWTIEN R — k8L, TG 6 X,
T TESEADRFF AL,

HO,3S . SO3H
I
\/\_ (CHa), IIIJ(—/\/
Hso4 he2 36 HSOs
CHO 46
1 46, 90 °C
X =5

2 10 ~60min

"=H, CHs, CH30, CI, NO,, OH
2= CH3, CGH5 (35)
R3= OCHjg, OC,Hs, CH;

6.2 Mannich & &

Zhao W5t/ NHATIE R T — 25X Bronsted B2
HFA GBAILs (47), H T ALK A 75 &1 T
FfE AL &) Mannich [ % (Eq. 36). A ATIF] 2K
M PR CUBA AN O BEAR SN, 52 T B FRARIIE .
TE SN B IR R A AR VR, I b &
14 4 C HIELLT) GBAIL-C14 3k s, fEAL AR fedT,
T Z R T B A 3545 B AR AU (85% ~94%), I HLiZfi
FELLAL 7 W HEAE M0 B 2 A8 1k,

clanZn+1

CrHane
/N+\/\,{j/
+ -2
SOy
SO3H 50,4
n=4,8,10,12, 14, 16, 18
47
R2

@ @ ii s
HQO r.t.

=H, p-Cl, p-OMe, 0-OMe
R2 H, p-OMe, 0-NO,, o-Cl

Kandasamy 25725 1% 7 — R 51| N-feFE-1,2,4- =M
MR TR R Tk 48, H Tk SN Birh i =4 5
Mannich X M(Eq. 37). RIMEGEH G, Kb &R
REYR, SIEA R, R IIA DB R, |’

TR ARG, AT HNF — IR, 7] BAR D JE
F 4k, WEPETC R B AR
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R1
N,N’ CH3SO5

+ H
I\N R'=Et, Pr, Bu
AN
H R

48
0] I

(37)
Ethanol r.t. O NH

R3
R'=H, Me, i-Pr, F, C, Br R2
R2=H,F,Cl Br | F

6.3 Hantzsch R

Deshmukh I 81 21 P14 36 7 7 B g v 2 1 VA4
3-( R O )-1- O -1H- KM 3-8 = 4R
([Cmim]CF;COO, 49) ff 1. 7 B . B& A1 iz 1) 2 41 &
Hantzsch < M.(Eq. 38). B F0 I, A4 7)1E H T KA
JT, BOEE A CEERKEEIR LG 101 MRS,
FHFE A PR AR G 10%~50%, Ho
TV RGOSR, NS R, il R
AFRARBH = , ORI A, Wik TERAE, BEIESA M
177 46 [PIETRE CIEREEL, I8 2508, T8 n a2 L
M, FHESHH 4 )G, mHIEHE TR RNPLEE
W1 Scheme 9 fii7: B4, — 7 FIREHRE) — Mk S &
TR 46 TE RS, HREGREERTIFIE a. BES a
HIRHREZ 5t Knoevenagel 466 1 2 —4r 7 /K15 2 b,
[FIET 55— F IR S NH OAc B2 —7rF /K45
BEE e BeJE, b Al e T IR, W2 KA5 2174

/==\, CF4CO0"
N_N_?

-~
COOH
49
o CHO
49

2 + + NH,0AC —————>

H,O/EtOH (V:V = 1:1)
o)

(6] Ar O

LUk 6
N
H

Davoodnia 2574 1% | Bronsted 55 144 1-(4-T &
FE) T L -3 H R IR A 2 S £R ([(CH,)4SO3HmimHS Oy,
50)f#: 1L 1) Hantzsch [ Ni(Eq. 39). flfi 152K HfE . 2
O i W 1R LB RO B, WIS TN, 25
IR, R E TR SR 30%F R E
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-H,0 H
NH2 )x\/N \:/i/N/
0
@< P
'/:\ (_/
CH4COOH H.Oj Q Mo b
%
NH;, I a
N i
NHLOA H CFACO0 T
(\ Q ?\N 0 Q
N2 N—v/
\_( / \_(
CFSCOO oH.
\ [e) ~0

B 9 [Cmim]CF;COO fi# 4k ) Hantzsch Jo N ALEE
Scheme 9 Pausible mechanism for the Hantzsch reaction catalyzed by [Cmim]CF;COO

EPA SOzH
N\@/NT_'S\O/.\/ 2.0 H20H
¢ Ho S0 ™0 | x
1l
0

X = HSO,, NOg, CF3COO0, CH3S0;4

o/\ _50,NHOAc 28
ArCHO + o o
C,H5OH, reflux || I

28 ~N._P(OEt
R'CHO *+ RENH, + HP(OEt), ——= RN (OE)2 (40
O A O - R

o™~ (39) R' = CgHs, 2-CH30CgHs, 3-CHyOCgHs, 4-CH30CgH,, 4-HOCGH,,
| 3-NO,CgHa, 4-NO,CgHq
N
H

R2= CgHs, 3-CHaCgHa, 2-CHyCgHa, 4-CICgHy, 4-EtOCqH;,
4-NO,CgHg, 4-OCH;3CgH,

RSN, AR FRIAT BT OB AT, AE N 47 A%

HREACTIG TR, 15 RS AT SN RT3 90% 1) To HoH fo thonl

Mo, A6 RIEEHUR, e 1 B HE A R 2 kR, HO” ‘ON*(@/ X po o X

650 CTFESTHET 1h, BIAHEN T R SEHRF —

H. |L|\ ((:)H 2/{{‘§(R1 1
AT 2L ) P S T A A 1 = 2L R R T RN e,

T o-FIEBEIRNS, 1ERRTE S T-UA([SFHEALX], 28) R B R c

WEALF, TCaE A RS . B — Z A 5 e — T

ik A R o- I SRR (Eq. 40). BFRURBL, %R " _<0H o B,

FRBIRCRAT, i LR B (91%), JRAbELE . R 4w RO

MGG, 2B BRI, HEMERERES AN if\

W TG i, (B ALE RS R, A AT AL K M2t S0 e

WIS, W EEHRN F—AN R, (R 5 L R

WG, CRTEH R T4, RSHLELL Scheme 10 Ff Ro [ monl

R SRR TL A R RS (S b, SRR N L HO™" ™0 \g‘ X

A0S B T HEBORIE RIS H) A. BE/5, A 5 IL Jfid 06
AR B, B KA 3] C. C FIERERR — 21855 5 B 10 [SFHEAIHSO, ML A i a-Z S B RRIE AL 2L )
IL RS, 3458 1 C E TR AT R ER — 2. lE A% Scheme 10  Proposed mechanism for the synthesis of
P, TR — ST C 153, a-aminophosphonates promoted by [SFHEA][HSO,]
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7 i

ZE ERTR, B IARAE S AL SR RIE A HLE K
YURCAT ZHEH, AN Knoevenagel 456 %
IR JE RN AR S AN 22 20 7 I N 5. B T IRAARTE A
AR 2 AW s AT W R 22 IO DR R
i PEI AR AL ARBORER B S A 7, B AR
SENERF, B 58, WA Z IRIEIRMEH, A H T2
AT, WAL, EFRIAIL T LAY Lewis FRHR
NV, R TR SR DA R — S B AL
FE SN H A, IR g, R, RIS
o, SO B IR I B AR IR A B, B
B BT ARA TR SRR I AE B AR &k A ORI R
FTTENRABE TG SR TEAE, 5 AR T A HL
& b AT S8 S AT RS
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