
BF4BMIM

.

N C SH2NNH2.H2O    +
2)

[BMIM][BF4]

CHO
1 2

3

NN

S NH

4a-m

R1

R2

R1 = H, 4-NO2, 4-Me, 3-Me

R2 = H, 4-Cl, 4-Br, 4-F, 4-NO2

R1
R2

(1 equiv.) (1 equiv.)

(1 equiv.)

Yield 80-95%

H2NNH2  +
N C S

1 2

CH3CN

H2N
N
H

S

NH

CHO

R2

R1

3

Thiourea 30%

NN

S NH

R2

R1

7a-m

S

R1HN NH2
R2

O

Br

NaHSO4, 30%

Water, r.t., 

10-55 min

Yield 81-100%

+ N

S
NHR1

R2

+ NR1

S
N
H

R2

1 2 3 4
not formed



R1 NH2

NH2

O

H

R2+

N
H

N
R2

R1

31 2

[Pro]NO3

Catalyst
Solventless

R1

R2

NH2

NH2

O

R3

H+

1M Glucose 
solution 5 mL

60 C, 5.5-10 hrs N
H

NR1

R2

R3

Table 4-14, entries 1-14R1, R2 = H, Me, CO2H 

R3 = H, Me, OMe, Cl, NHAc, OCH2Ph

Yield 81-94%

NH2

NH2

O

H
+ L-tartaric acid

N
H

N

1 2

R1

R2

R3

R1, R2 = H, Me, COOH; R3 = H, Me, OMe, Cl, Br, NO2, NHAc, OCH2Ph, F

3

R1

R2

R3

100 C, 2.5-13hrs

Yield 66-97%



        

                                                           

 

.

 

Green Chemistry   .

 

Toxicology  



                                   

                                                           

 

.

 

Renewable  



       

VOC

    

                                                           

 

.

 

Ionic Liquids   . Volatile Organic Compounds   .

 

Supercritical solvent      



       

pH

    

                                                           

 

.  Grignard   .

 

Beketov   .

 

Neurotransmission   .

 

Metabolism   .

 

Biochemical       

      



       

                                                           

 

.

 

Photosynthesis 



      

°

     

                                                           

 

. Liquid Range   . Viscosity   . Miscibility   . Vapor Pressure   . Electrostatic Interaction  . Recyclable  

. Designer Solvent       

N

R

N N
R1 R2

R1

N
R2 R4

R3

R1

P
R2 R4

R3

Pyridinium Imidazolium Ammonium Phosphonium

X- = Halides, OTf, BF4, 
PF6, NTf2X-

X- X- X-



      

ppm

n

 

                                                           

 

. Hurley   . Weber   . Rice Institute   . Osteryoung   . Wilkes   . Swain   . Seddon   .

 

Hussey        



      

[R1R3N]+X-

[R1R3N]+[MXy+1]

 

                                                           

 

. Quaternization  



     
[EMIM]CF3SO3 

[BMIM]CF3SO3 

[Ph3POct]OTs 

[Bu3NMe]OTs 

[BMIM]Cl 

 

X-

 

NR3

R1X

[R1R3N]X
MXy

step IIa

1) Metal salt M+A-

2) Bronsted acid H+A-

3) Ion exchange resin
[R1R3N]+[MXy+1]

step I

Step IIb

[R1R3N]+A-



     
[cation]Cl/AlCl3 Cl-, AlCl4

-, Al2Cl7
-, Al3Cl10

-

 

[cation]Cl/AlEtCl2 AlEtCl3
-, Al2Et2Cl5

-

 

[cation]Cl/BCl3 Cl-, BCl4
-

 

[cation]Cl/CuCl CuCl2
-, Cu2Cl3

-, Cu3Cl4
-

 

[cation]Cl/SnCl2 SnCl3
-, Sn2Cl5

-

    

[cation]= pyridinium, imidazolium 

[cation]BF4

 

[cation]PF6

[cation]SbF6

[cation]NO3

[cation]OAc

[cation]HSO4

[cation]BHexEt3

   

     

 

[cation]= pyridinium, imidazolium and ammonium 
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.

 

Fully Green Ionic Liquid .

 

Engel   .

 

Wassercheid

  

.

 

Mandelate   .

 

Lactate   .

 

Tartrate     



     

                                                                                                                                                                                                

   

. Ephedrine 

N N

3

2PO4
3-

1

Me3N OH

Cl-

ZnCl2, 
SnCl2

2 equiv.
Me3N OH

Zn2Cl5
-(Sn2Cl5

-)

Urea

2 equiv.

Me3N OH

Cl- H2N
O

2

3

Cl-



      

                                                           

 

.

 

Thiamine   .

 

Kuo  

O

Et

PF6
-

NMe3

NTf2
-

4

OHMe3N

NTf2
-

6

N HO

5

NEt3, 5mol%

Ph

PhN

S

Bu

PF6
-

O

Ph H

7



       

                                                           

 

.

 

Diels-Alder    .

 

Ohno   

CO2H

H2N
R

H
Acidification

HX
CO2H

H3N
R

H
X-

X = Cl-, NO3
-, BF4

-,
PF6

-, CF3CO2
-

8
R1OH
Esterification

CO2R1

H3N
R

H Cl-

MY

Metathesis

[AA]X

CO2R1

H3N
R

H Y-

M = Ag, Na, K, Li
Y = NO3

-, BF4
-, PF6

-, NTf2
-, OAc-, SCN-,

OH

CO2
-

[AAE]X  9



      

                                                           

 

.

 

Acylation   .

 

Selective Alkylation   .

 

Biotransformations   

CH3

[Bmim]XH
2 SO

4

NO2

CH3

NO2

CH3 CO2H

X

CH3

[Bmim]

N N Bu

X = Cl, Br, I



       

                                                           

 

.

 

Reusability   .

 

Bioorganic   -

 

Intermediates   .

 

Activated Complex   .

 

Cocatalyst   
-

 

Oxidative Carbonylation   -

 

Oligomerization           



     
I

 

                                                           

 

. Xia 

R1 N
R2 N2CHCO2Et

i N

R1 CO2Et

R2

i = [BMIM][BF4], EDA, r.t., 5hrs, Yield 97%

N
R3R1

R2
N

R1
X- X-

R4
N

R2

R1

R3

X-

NH2

Me2N NMe2
N

N

R1

X-

R1, R3 = Me, Bu, H, Et, 2-aminoethyl, Decyl, Heptyl.

R2 = H, Me, Bu.

X = BF4, PF6, Tf2N, Cl, CF3SO3, CF3CO2, FeCl4, Br, NO3, OH

(I) (II) (III) (IV) (V)

X-



     
BF4BMIM

3Bi

BF4BMIM

3BiBF4BMIM

                                                           

 

. Yadav   . Lawesson s reagent  

R1 R3

O O

R2

RNH2
i

N
R

R3
R1

R2

i = Bi(OTf)3/ [BMIM][BF4]  90°C, 4-5hrs, 90%

+

MeO2C CO2Me

O

R1 H

NC

R2

i

O

CO2MeMeO2C

R1 NHR2

i = [BMIM][BF4]  r.t., 0.5-2hrs, (89%)

+

R1 R3

O O

R2

S
P

S
P

Ar

SAr

S i

i = Bi(OTf)3/ [BMIM][BF4] 90°C, 4.5-5hrs

S R3
R1

R2


