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The use of ammonium formates or formic acid as a reducing
agent for functional groups in moderate reaction conditions is
interesting and promising [1]. With these reagents carbonyl
and amine-drivatives, in particular schiff bases are trans-
formed into corresponding amines [2] . An azomethine reduc-
tion of this type is involved as the key step in the synthetically
important reductive alkylation of ammonia and amines by
aldehydes and ketones in the presence of formic acid [3]. The
formic acid synthetic route to substituted amines shows some
advantages even after the advent of complex hydride reagents.
These types of reagents, formic acid or its drivatives, are
cheap and the transformation process is rather straightfor-
ward. The disadvantages deal mainly with the poor yields due
to the high sensitivity of the envisaged intermediate schiff
bases or imines to hydrolysis. In the recent years, microwave
dielectric heating technology with the combination of solvent-
free condition have been used in many organic reactions, lead-
ing to shorter reaction times, higher yields, cleaner reaction
products and environmentally benign condition comparing to
the classical heating [4]. In the continuation of our increasing
interest in microwave promoted organic reactions [5], we were
interested in reductive amination of carbonyl compounds by
formic acid and its derivatives in particular reduction of schiff
bases (Scheme 1) which are the supposed intermediates.

Scheme 1

The literature survey shows, only one report on the reduction
of schiff bases by concentrated formic acid [6]. Harsh reaction
conditions (reflux at 90–120°C for 4–17 hr) have been used
leading to products with low yields (27–60%). Our experi-
ments showed that, benzalaniline as a model schiff base, pro-
duced resinous material under microwave irradiation with
formic acid alone. However, when the acidity of the reaction
mixture was decreased by adding triethylammonium formate,
reduction occurred under microwave irradiation . 

Triethylammoniumformate gave somewhat better yields
than the ammonum formate, which has been recommended by
Leuckart et al. [7] for the trasamination of carbonyl com-
pounds. The reaction conditions were optimised by the exam-
ination of the different parameters such as time of irradiation,
power of irradiation, the molar ratio of triethylammonium for-
mate to formic acid and schiff base. After performing several

experiments, the best molar ratio was found to be schiff
base:triethylammonium formate:formic acid (1:6:3).In a typi-
cal procedure, schiff base (1 mmol) was mixed with reducing
agent (1 ml) in a closed Teflon vessel (~20 ml) and subjected
to microwave irradiation for about 6 minutes . After conven-
tional work-up, good to excellent yield of secondary amines
were obtained. Table 1 resume the results. While, the classical
reaction, which to the best of our knowledge, has only been
reported for benzalaniline at about 150°C in 2–4 hours reflux-
ing time with triethylammonium formate only (97% yield)[8],
our microwave methodology resulted in the same manner just
in four minutes (Table 1, entry 1). The method has been used
for the synthesis of several substituted N-benzylanilines and
anilinomethylpyridines (see Table 1, entry 6,9 ).The physical
and spectroscopic data of the products were compared to those
of authentic samples [9]. Interestingly, the aromatic hetero-
cyclic compounds such as quinoline could also be reduced to
1,2,3,4-tetrahydroquinoline in 81% yield in 10 min by this
methodology (Table 1,entry 11). In conclusion, a simple, inex-
pensive and rapid method for the reduction of schiff bases to
secondary amines via modified Leuckart reaction under
microwave irradiation in solvent-free condition was devel-
oped.

Experimental 

Schiff bases were prepared by modified known methods and purified
by recrystallisation from 90% ethanol [10]. Their physical and melt-
ing points are identical with those reported in the literature [11]. 1H-
NMR spectra were recorded on a Brucker FT-80 AC Spectrometer. IR
Spectra were performed on a Mattson 1000 Spectrometer. Melting
points were determined on a Buchi B-540 and are uncorrected.

General procedure for preparation of reducing reagent: To a
stirred solution of triethylamine (13.8 ml) were added formic acid 98
%(5.8ml) dropwise for four hours. The reaction is exothermic. This
mixture contains triethylammonium formate:formic acid (2:1).

General procedure for the reduction of schiff bases with reducing
reagent under microwave irradiation: Schiff base (1 mmol) and
reducing reagent (1ml) were mixed in a Teflon flask (~20 ml) and
subjected to microwave irradiation [12] for given times (Table 1).
After cooling, the reaction mixture was suspended in concentrated
HCl solution (~120ml) and heated in such a way that the volume
reduced to one third. Then carefully on cooling with ice the reaction
mixture was neutralized with concentrated NaOH solution or potas-
sium bicarbonate and extracted with diethylether (3×50 ml). The
organic phase was dried on anhydrous Na2SO4. Evaporation of the
solvent gave almost pure products. Further purification was carried
out on column chromatography over silicagel and by eluting with a
mixture of diethylether–petroleum ether.

Spectroscopic data: Amine 1: IR(KBr)νmax3415(N-H), 3023,
2923, 2850, 1607, 1515, 1445, 1330, 1275, 1184, 1115, 745,
692 cm-1; 1H-NMR (80 MHz, CDCl3) δ 4.1(1H,br s), 4.4(2H,s),
6.5–7.65(10H,m). Amine 2: IR(KBr)νmax 3423(N-H), 3025, 2961,
2853, 1600, 1500, 1445, 1330,1270, 1184, 1092, 1030, 815, 745, 700
cm-1; 1H-NMR (80 MHz, CDCl3) δ 3.9–4.1(1H,br s), 4.2(2H,s),
6.3–7.5(9H,m). Amine 3: IR(KBr)νmax 3415(N-H), 3023, 2915, 2850,
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Table 1 Microwave promoted reduction of schiff bases by triethylammonuim formate/formic acid system

Entry Substrate Producta Yield/%a, m.p./°C
(Time/min.) (lit.–°C)

1 90 (4) 36.5–37.5

(37–38)9a

2 74 (6) 45–46
(46–48)9a

3 71 (5) Liquid
(19–20)9b

4 65 (2.5) 83–84
(84–85)9c

5 63 (5) 67–68.5

(69–70)9d

6 69 (5) 100–101

(101–103)9e

7 67 (6) 68.5–70
(70–71)9a

8 72 (6) 34–36

(38)9f

9 64 (6) 72–73
(74)9g

10 68 (6) 55–56
(60–61)9f

11c 81 (10) Liquid

a All yields refer to isolated products. b All products were characterised by m.p., IR, 1HNMR, and the physical data were similar to
those reported in the literature. c 1.5 ml of reagent per 1 mmol of quinoline was required for reduction.

1623, 1523, 1453, 1307, 1261, 1130, 1030, 815, 745, 700 cm-1; 1H-
NMR (80 MHz, CDCl3) δ 2.64(3H,s), 4.13(1H,s), 4.63(2H,s),
6.8–7.9(9H,m). Amine 4: IR(KBr)νmax 3407(N-H), 3025, 2923, 2850,
1607, 1530, 1455, 1353, 1340, 1275, 1076, 807, 750, 730, 692 cm-1;
1H-NMR (80 MHz, CDCl3) δ 4.35(1H,br s), 4.64(2H,s),
6.6–8.5(9H,m).Amine 5: IR(KBr)νmax 3400(N-H), 3025, 2938, 2855,
1515, 1481, 1415, 1253, 1240, 1154, 1092, 1038, 823, 745 cm-1; 1H-
NMR (80 MHz, CDCl3) δ 2.1(1H,s), 3.7(3H,s), 4.2(2H,s),
6.5–6.9(4H,m), 7.2(4H,m). Amine 6:IR(KBr)νmax 3261(N-H), 3030,
2923, 2853, 1607, 1530, 1500, 1423, 1330, 1270, 1115, 1000, 815,
753, 700 cm-1; 1H-NMR (80 MHz, CDCl3) δ 3.6–4.6(1H,br s),
4.3(2H,s), 6.25–7.35(7H,m), 8.25-8.75(2H,m). Amine 7:
IR(KBr)νmax 3400(N-H), 3030, 2925, 2850, 1600, 1500, 1315, 1084,
823 cm-1; 1H-NMR (80 MHz, CDCl3) δ 3.7–4.3(1H,br s), 4.2(2H,s),

6.25–7.5(8H,m). Amine 8: IR(KBr)νmax 3423(N-H), 3040, 2923,
2851, 1607, 1490, 1425, 1330, 1292, 1175, 1110, 1023, 815, 776, 700
cm-1; 1H-NMR (80 MHz,CDCl3) δ 2.3(3H,s), 3.85(1H,s), 4.25(2H,s),
6.3–7.4(8H,m). Amine 9: IR(KBr)νmax 3292(N-H), 3250, 3015, 2923,
2850, 1607, 1523,1415, 1310,1290, 1130, 1000, 815 cm-1; 1H-NMR
(80 MHz, CDCl3) δ 2.35(3H,s), 3.6–4.4(1H,br s), 4.44(2H,s),
6.5–7.6(6H,m), 8.4-8.9(2H,m). Amine 10: IR(KBr)νmax 3380(N-H),
2915, 2853, 1615, 1523, 1461, 1307, 1250, 1130, 815 cm-1; 1H-NMR
(80 MHz, CDCl3) δ 2.33(3H,s), 2.44(3H,s), 3–4(1H,br s),
4.36(2H,s), 6.5–7.6(8H,m). Amine 11: IR(KBr)νmax 3400(N-H),
3115, 2930, 2835, 1607, 1500, 1470, 1315, 1290, 1184, 1100, 753,
690 cm-1; 1H-NMR (80 MHz, CDCl3) δ 1.8-2.2(2H,m),
2.7–3.0(2H,t), 3.15–3.40(2H,t), 3.7(1H,s), 6.25–7.35(4H,m).
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