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(S)-(+)-N, N - Dimethyl-2-(hydroxymethyl)-pyrrolidinium 
(DMHP+)-mercury compound mediated enantioselective 
reduction of aminomethyl alkyl/aryl ketones in dimethyl-
formamide-2-propanol (9:1) has been carried out using tetra-
butylammonium tetrafluoroborate as a supporting electrolyte. The 
products viz. 2-amino-1-alkyl/aryl ethanols have been obtained in 
good yield (68-92%) with 35-91% optical purity and have been 
assigned (S)-configuration. The pinacol (racemic/meso) deri-
vatives are also isolated as minor products (yield 5-20% ) via 
dimerization of radical anion followed by protonation.  

Keywords: Enantioselective synthesis, aminoalkyl/aryl ethanols, cathodic 
reduction, quaternary ammonium amalgams 
 
IPC Code: Int.Cl.8C07D 

Optically active 2-amino-1-alkyl/arylethanols have 
been reported to possess diverse biological and 
pharmacological activities1-3. In addition to it, these 
compounds have been successfully exploited as a 
catalyst for asymmetric carbon-carbon bond 
formation reactions4. The optical isomers of β-amino 
alcohols have been obtained through resolution of 
racemates2,3, from optically active precursors by 
utilizing chemical reaction(s)4, microbiological 
conversions5, etc. The chemical conversions to  
β-amino alcohols have been accomplished by 
hydrogenation in the presence of chiral phosphine-
rhodium6 or ruthenium7 catalyst or by using chiral 
borohydride K glucoride8. Our recent work on 
stereocontrolled electrosynthesis, viz. cathodic 
reduction of some unconjugated ketones to afford 
regio- and stereoselective intramolecular cyclization 
in the catalytic presence of (-)-N,N′-dimethyl-
quininium tetrafluoroborate9, enantioselective 
cathodic reduction of some prochiral ketones in the 

presence of catalytic amount of (1R,2S)-(-)-N,N-
dimethylephedrinium tetrafluoroborate10, (-)-N,N′-
dimethylquininium tetra- fluoroborate11, inspired us to 
undertake the cathodic reduction of some α-
aminoketones. In this communication, we report 
enantioselective cathodic reduction of some α-
aminoketones12 at mercury cathode in DMF-2-
propanol (9:1) in the presence of 0.1M TBA.BF4 as 
supporting electrolyte and catalytic amount of (S)-(+)-
N,N-dimethyl 2-(hydroxymethyl)pyrrolidinium 
tetrafluoro-borate. The products obtained were (S)-2-
amino-1-alkyl/arylethanols quantitatively (68-92% 
yield) with 35-91% optical purity along with pincols 
(racemic/ meso) as minor products (5-20%). 

In the present investigations, the cathodic reduction 
of aminomethyl alkyl/aryl ketones12 has been 
attempted, 1a-l under nitrogen atmosphere at mercury 
pool cathode in DMF-2-propanol (9:1) using 0.1M 
TBA.BF4 as supporting electrolyte in the presence of 
10 mM (S)-(+)-DMHP+ and obtained corresponding 
optically active 2-amino-1-alkyl/aryl ethanols 2a-l in 
quantitative yield (68-92%) with 35-91% optical 
purity alongwith pinacols 3a-l (meso/racemic) in 5-
20% yield (Table I). It is important to note that no 
enantioselectivity was observed when the reaction 
was carried out in the absence of DMHP+. Further, 
during preparative scale experiment, a black coloured 
substance was observed at the surface of mercury 
cathode. This black deposit disappeared, when the 
current was cut off or the solid was exposed to air. 
Such observations were not noticed in the 
enantioselective reduction by some ketones at 
mercury cathode desered earlier10,11, which occurred 
at lower cathode potential (−1.48 to –2.10 V vs 
Ag/AgCl). To visualize the present observation, the 
cathodic reduction of DMHP+ polarographically at 
mercury has been investigated and it has been found 
that the reduction potential DMHP+ at E0 = −2.60 V 
and the number of electron per reactant molecule is 
one. To further look into the insight of the reaction 
mechanism, the cathodic reduction of a concentrated 
solution of DMHP+ (0.5 M) in DMF at mercury 
cathode was studied by anodic stripping voltammetry. 
An attempt was made for cathodic half cycle begining 
from –2.50V vs Ag/AgCl and the potential of the 
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cathode was held at –2.65 V vs Ag/AgCl for 
sometime and then the anodic scan was applied in 
order to strip the product formed at mercury surface 
of the cathodes. Accumulation and stripping of (S)-
(+)-DMHP+-mercury were performed for the films 
from 200 to 40 mC. cm–2. The decrease in stripping 
peak of (S)-(+)-DMHP+-mercury is observed for QHg 
< 150 mC. cm–2. The plot of charge QDHMP

+ vs QHg 
shows that the amount of electrogenerated DMHP-Hg 
amalgam is linearly proportional to the amount of 
mercury constituting the cathode’s (QHg). The 
experimental value follows very closely the line 
drawn for QDMHP

+ = 5Q Hg. 
 

The above combined observations suggest that the 
chirally quaternary-ammonium amalgam DMHP(Hg5) 
was formed as black substance on the surface of the 
mercury cathode, as shown below: 
 

DMHP+ + 1e + 5 Hg → DMHP (Hg5) Black amalgam 

This chirally quaternary ammonium amalgam 
appears to direct enantioselectivity by hydrogen 
bonding between the carbonyl group of the substrate 
and the hydroxy group present in (S)–(+)–DMHP+ and 
then providing conformational rigidity. The formation 
of DMHP (Hg5) amalgam at cathodic surface reduces 
α-aminokeone in such a situation leading to the 
enantioselectivity in the product 2a-l. The present 
method makes a new practical application of catalytic 
enantioselective synthesis by chirally quaternary 
amalgam (cf quaternary ammonium amalgams eg. 
N,N-Dimethyl pyrrolidinium amalgams DMP (Hg5)14-

19, DMP (Pb3)20, DMP(Sn3)21, etc). 
The mechanistic details of the process will be 

presented later. 
 
Experimental Section 

The cathodic reduction of α-aminoketones 1a-l has 
been accomplished under nitrogen atmosphere as 

Table I ⎯ Enantioselective cathodic reduction of aminomethyl alkyl/aryl ketones 1 at mercury cathode in DMF-2-propanol containing 
0.1M TBA.BF4 and 10mM (S)-(+)-DMHP.2BF4. Cell divider-ceramic diaphragm, anode –Pt foil 

 
     
     
     
     
     
     
     
     

Aminomethyl-alkyl/aryl ketone 1 yield (%) 2-Amino-1-alkyl/arylethanol 2 Compound 
R R1 R2 2a-l 3a-l [α]D

25, degree % ee 
Abs. config. 

1a Me Me Me 88 8 8.02 (c 0.99, MeOH) 35a′ S 
1b Ph Me Me 92 5 33.60 (c 1.59, MeOH) 67b′ S 
1c Ph Et Et 80 15 50.10 (c 5.0, H2O) 77c′ S 
1d Ph Bu H 72 22 10.20 (c 4.78, H2O) 37d′ S 
1e Ph Bu Me 68 25 30.30 (c 2.36, EtOH) 53e′ S 
1f Ph -(CH2)5- 83 12 37.24 (c 1.10, EtOH) 70f′′ S 
1g But -(CH2)5- 81 13 30.70 (c 1.98, EtOH) 42g′ S 
1h Me Et Et 86 10 29.10 (c 4.0, EtOH) 63h′ S 
1i Ph H H 85 9 26.20 (c 2.0, EtOH) 58i′ S 
         
         
         
1j  H Me 90 5 48.20 (c 1.2, 0. NHCl) 91j′ S 
        
        

1k Ph −CH2OCH2− 90 5 27.55 (c 3.62,MeOH) 44k′ S 
1l Ph Me Et 90 4 19.25 (c 5.0,EtOH) 62k’ S 

%ee Based on reported value for optically pure compounds 2 : a′ = [α]D
22 22.85° (c 1.02, MeOH) ; ref. 13. b′ = [α]D

20 –50.27° c 1.61, 
MeOH) ; ref. 13. c′ = [α]D 64.6° (c 5.0, H2O) also calculated by 1H NMR of acetates of alcohols using Eu(hfc)3 ; ref. 6. d′ = [α]D

22 27.8° 
(C 5.0, H2O) ; ref. 6. e′ = [α]D

20 57.21° (c 2.3, EtOH) ; ref. 13. f′ = [α]D
20 52.89° (c 1.12, EtOH) also calculated by 1H NMR of acetates of 

alcohols using Eu(hfc)3 ; ref. 13.g′ = [α]D
22 72.96° (c 1.91, EtOH) ; ref. 4. h′ = [α]D

24 46.2° (c 4.0, EtOH) ; ref. 14. i′ = [α]D
23 44.8° (c 2, 

EtOH) ; ref. 15. j′ = [α]D
22-25 –53.2° (c 1.2, 0.5 NHCl) ; ref. 16. k′ = HPLC analysis on chiral column (Chiracel OD, Diacel Co.). 
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follows– Catholyte: 0.1M TBA.BF4 in DMF-proponal 
(9:1) (70 mL) + 0.01M compound 1a-l + 100 mM (S)–(+) 
DMHP.BF4; anolyte: 0.1M TBA.BF4 in DMF-2-
propanol in a ceramic diapharagm (30mL); cathode 
mercury pool; anode: Pt foil. A constant current of 
100 mA (current denly 10 mA.cm-2) was passed until 
the charge corresponding to 2.6 F. mol-1 was transferred. 

Work Up: From catholyte, DMF-2-propanol was 
removed by distillation under reduced pressure (50°C 
at 35 mm of Hg). The products were extracted with 
ether, dried over anhydrous magnesium sulfate and 
ether was removed by distillation. The products were 
separated and purified on a column of silicate gel G 
and elution was accomplished with pet. ether and 
ethyl acetate (9:1). The details of results are 
summarized in Table I. 
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