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Reductive coupling of aromatic aldehydes and ketones to the 
corresponding 1,2-diols has been achieved in 59-98% yields using 
aluminium powder in aqueous sodium hydroxide and methanol 
medium under microwave irradiation for 5-12 min. The notable 
advantage of this method seems to be negligible formation of 
small amounts of reduced product of the carbonyls i.e. alcohols 
and the formation of side product olefins via McMurry coupling. 
The reaction rate is fast and the purity of products is compared to 
the existing methods. The potential Pinacol rearrangement of the 
reductive coupling products greatly extends their synthetic utility. 
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The reductive coupling of carbonyl compounds which 
leads to vicinal diols one of the important methods for 
the formation of carbon-carbon bonds1. Various 
metals such as, Mg2, Zn3, Mn4 have already been used 
to mediate the Pinacol coupling reaction in aqueous 
media. Recently, the Pinacol coupling of aromatic 
aldehydes and ketones has been reported for the 
synthesis of 1,2-diols using Al5-7 in the presence of 
potassium hydroxide and sodium hydroxide, Mg8 in 
aqueous NH4Cl, Zn-Cu9 or In10 under ultrasound 
irradiation and TiCl3/Al-EtOH under microwave 
irradiation11. More recently, several chiral ligands 
including TiCl4-Zn chiral diamines12, titanium 
complex of the tetradentate schiff base13 and TiCl4 
(THF)2/Zn with tartaric ester14, have been used to 
improve the enantioselectivity.  

Results and Discussion  

Microwave irradiation15,16 has been recently used to 
accelerate organic reaction, by increasing heating 
efficiency to give remarkable rate enhancements and 
dramatic reductions in reaction times. In continuation 
of our interest in performing the reactions in 
microwave 17, we wish to describe herein a new 
method for Pinacol coupling reactions of aromatic 
aldehydes and ketones using aluminium in aqueous 
NaOH-MeOH under microwave irradiation. Table I 
shows the results of Pinacol coupling of aromatic 
aldehydes and ketones and the products were obtained 
in high yields. Pinacol coupling of benzaldehyde 1a, 
p-methoxybenzaldehyde 1h, p-methylbenzaldehyde 
1g, p-chlorobenzaldehyde 1e and m-chlorobenz-
aldehyde 1f proceeded smoothly within short time (5-
12 min) and resulted into good yields (90-95%) of 
products. Cyclic ketones such as cyclopentanone, 
cyclohexanone, cycloheptanone and aliphatic acyclic 
ketones and aldehyde did not give the product under 
the same reaction conditions. Thus, it appears that the 
steric hindrance around the carbonyl group inhibits 
the coupling reaction and 2, 4-dichlorobenzaldehyde 
and benzophenone give only 59-60% Pinacols, under 
the same reaction conditions. To show the dramatic 
acceleration in the rate of reaction due to microwave 
irradiation, under the same experimental conditions 
several aldehydes and ketones were heated in an oil-
bath by conventional heating under reflux condition. 
However, only low yield of Pinacol coupling products 
were obtained in very long reaction time, e.g. Pinacol 
coupling of 4-chlorobenzaldehyde ( 5-10%, 60ºC, 
5 min) (79%, 60ºC, 3hr) and benzophenone (7-15 %, 
60ºC, 8 hr). 

Experimental Section 
Solvents were used directly as obtained from the 

suppliers. Reagents were employed as purchased from 
Aldrich or Merck. Thin layer chromatography (TLC) 
was carried out using glass sheets precoated with 
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silica gel 60 F. Melting points were determined on a 
Electro thermal Gallen lamp apparatus and are 
uncorrected. 

1H NMR spectra were recorded on a Varian EM-
340, and advance 500; and IR spectra on a Shimatzu 
IR-435 spectrometer. The microwave oven need was 
a domestic (2450 MHz) Butane model M-245. The 
characterization of the reaction products were 
determined by IR and 1H NMR spectroscopy, and 
comparing the authentic samples.  

Preparation of 1,2-diols 2. A mixture of 
aldehydes or ketones (1.2 mmoles), aluminium 
powder (0.12 g, 4.14 mmoles), 10% aqueous NaOH 

(2 mL) and MeOH (3 mL) was mixed in unsealed 
glass vessels (pyrex). The reaction mixture was 
submitted to microwave irradiation at 100-200 W for 
5-15 min. 

After completion of the reaction (monitored by 
TLC) the mixture was quenched with 3 M HCl and 
extracted with ethyl acetate (3×10 mL). The 
combined organic layer was washed with saturated 
aqueous NaHCO3 and dried over anhydrous MgSO4. 
After filtration and removing the solvent and volatile 
materials under reduced pressure, coupling products 
were obtained as a white solid, which were further 
purified by crystallization from petroleum ether (b.p. 

 

Table I ⎯ Pinacol coupling by using Al in aqueous NaOH / MeOH under microwave irradiation 
 

Entry Substrate Reaction  Emitted Isolated yield (%) dl/meso 
  time 

 (min) 
Power 

(w) 
2 3  

a CHO
 

5 100 95 4 61:39 

b COMe
 

6 200 79 20 65:35 

c COMeMeo
 

7 200 72 5 72:28 

d COMeCl
 

6 200 80 15 76:24 

e Cl CHO
 

5 100 98 0 59:41 

f 
CHO

Cl

 

5 100 94 0 48:52 

g CHOCH3
 

6 100 90 7 81:19 

h CHOCH3O
 

6 100 89 8 66:34 

i CHOMe2N
 

7 100 91 5 60:40 

j 
CHOC l

Cl

 

10 200 59 0 meso 

k C
O

 
12 200 60 8 - 

l 
O CHO

 
10 200 70 10 62:22 

Ratios of dl/ meso as calculated by 1H NMR (500 MHz). 
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60-90ºC) to get a mixture of diastereomers in good 
yields. The authenticity of the products was 
established by 1H NMR and IR spectra. The residue 
obtained after the reaction contained a mixture of 
unreacted aluminium and aluminium hydroxide. The 
unreacted aluminium can be recycled after washing 
the residue with dil. HCl followed by water and 
drying. Moreover, the aluminium recovered after the 
reaction can be reused. 

2a 1H NMR (CDCl3): δ 2.31 (s, 2H), 4.71, 4.80 (s, 
dl, meso, 2H), 7.1-7.3 (m, 10H); IR (KBr): 3350- 
3500 cm-1. 

2b 1H NMR (CDCl3): δ 1.47, 1.56 (s, dl, meso, 
6H), 2.30 (s, 2H), 7.20 (s, 10H); IR (KBr): 3300- 
3450 cm-1.  

2c 1H NMR (CDCl3): δ 1.47, 1.58 (s, dl, meso, 6H), 
2.21 (s, 2H), 3.75 (s, 6H), 6.90-7.25(m, 8H); IR 
(KBr): 3300-3550 cm-1. 

2e 1H NMR (CDCl3): δ 2.89 (s, 2H), 4.59, 4.81 (s, 
dl, meso, 2H), 7.10-7.15 (m, 8H); IR (KBr): 3375- 
3410 cm-1. 

2f 1H NMR (CDCl3): δ 2.81 (s, 2H), 4.50, 4.71 (s, 
dl, meso, 2H), 7.15-7.20 (m, 8H); IR (KBr): 3270- 
3300 cm-1. 

2g 1H NMR (CDCl3): δ 2.30 (s, 6H), 2.49 (s, 2H), 
4.69, 4.82 (s, dl, meso, 2H), 7.10-7.20 (s, 10H); IR 
(KBr): 3270-3380 cm-1. 

2h 1H NMR (CDCl3): δ 2.88 (s, 2H), 3.69, 3.81 (s, 
dl, meso, 6H), 4.62, 4.75 (s, dl, meso, 2H), 6.80-7.10 
(m, 8H); IR (KBr): 3280-3400 cm-1. 

2j m.p. 128-131ºC; 1H NMR (CDCl3): δ 2.89 (s, 
2H), 5.50 (s, meso, 2H), 7.12-7.20 (m, 6H); IR (KBr): 
3315-3380 cm-1. 

2k m.p. 183-185ºC (lit.18 m.p.185-186°C); 1H NMR 
(CDCl3): δ 2.71 (s, 2H), 7.45-7.98 (m, 8H); IR (KBr): 
3450-3500 cm-1. 

2o 1H NMR (CDCl3): δ 2.10 (s, 2H), 5.00, 5.04 (s, 
dl, meso, 2H), 6.63 (m, 2H), 7.26 (m, 1H); IR (KBr): 
3230- 3280 cm-1. 

Conclusion 
It was observed that the aluminium in 

NaOH/MeOH under microwave irradiation was 
favourable for the reduction of aromatic ketones and 
aldehydes to the corresponding pinacols. The 
percentage and the time of reaction by microwave 
irradiation (100-200 w) were compared with those  
 

achieved by classical methods19a-e. The easy 
experimental operations and work-up, mild reaction 
conditions, purity of coupled products, low cost and 
less toxic materials compared to many reagents can 
make this procedure a useful and attractive method. 
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