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Catalytic transfer hydrogenation process provides an efficient
and viable alternative to the conventional hydrogenation proce-
dure involving the use of hazardous hydrogen gas.1 The facile
reduction of a variety of olefinic substrates and functional
groups attests to the versatility of this procedure. Ammonium
formate has often been the hydrogen source of choice due to its
efficiency and convenience.2 In connection with certain investi-
gations we needed a simple and efficient method for the reduc-
tion of chromones to chromanones. Attempted reduction of
chromones using hydride donors such as NaBH4

3 or hydro-
genation using noble metal catalysts4 has been reported to lead
to complex mixtures from over-reduction. In a report involving
the use of DIBAL-H for the reduction of isoflavones, a single
example of reduction of a chromone to chromanone in moder-
ate yield has been cited.5 In view of such discouraging reports,
we decided to try the transfer hydrogenation protocol employ-
ing ammonium formate and Pd–C and report here the success-
ful reduction of a variety of chromones to chromanones in
excellent yield as shown in Table 1. 

The results with a variety of chromones as shown in Table 1
reveals the high efficiency of this methodology. The other
points to be noted are the stability of acid-sensitive function-
alities, the elimination of halogen attached to the aromatic
ring6 (entry 9) and the cleavage of benzylic C-O bond7 (entry
7). Although aryl ketones have been reported to be reduced to
the alcohols by a combination of ammonium formate and
Raney nickel in methanol,8 under the present conditions the
carbonyl group remained intact.

In summary, the transfer hydrogenation protocol involving
ammonium formate and Pd–C in methanol is an excellent
method for the reduction of chromones to chromanones in
high yield and supplements the growing list of applications to
the reduction of various olefins and functional groups. The
inexpensive nature of the reagents complements the opera-
tional convenience.

Experimental

General: Melting points were taken on a Kofler hot stage apparatus
and are uncorrected. Solid samples were crystallised and liquids were
subjected to preparative layer chromatography to obtain analytical
samples. IR spectra are for chloroform solutions and NMR spectra for
CCl4 solutions at 60 MHz unless otherwise stated. 

Representative procedure for hydrogenation: A solution of the
chromone (1, 160 mg, I mmol) and ammonium formate (190 mg,
3 mmol) in methanol (5 ml) containing Pd–C (10%, 50 mg) was
refluxed for 3 h. The catalyst was filtered and the residue after removal
of methanol was extracted with ether. The ether extract was washed
with water and dried over anydrous sodium sulfate. Removal of ether
afforded the chromanone (1a) in 93% yield, pure for all practical pur-
poses and with spectral properties identical to an authentic sample. 

Chromones (19, 210, 39, 411, 512, 613, 714) and chromanones (1a9)
and (3a9) are known compounds.

Preparation of chromone (8): To an ice-cooled, stirred slurry of
sodium hydride (2.2 g, 50% dispersion in oil) in anhydrous ether (15
ml) under nitrogen, a mixture of 2-hydroxy-4-methyl acetophenone
(2.9 g, 19 mmol) and diethyl oxalate (5.6 g, 38 mmol) was added
slowly and the reaction mixture was left overnight. It was then poured
into ice water and acidified with cold dilute hydrochloric acid (5N)
and extracted with ether. The ether extract was washed with water and
concentrated. The residue was mixed with dilute hydrochloric acid
(5N, 20 ml) and stirred for 10–12 h. It was the extracted with ether,
dried over sodium sulfate and concentrated to afford the chromone (8)
as a colourless solid, 2.9g (64%), crystallised from ether – petroleum
ether, m.p. 55–57°C; IR 1749, 1651 cm–1; 1H NMR (CDCl3) δ 1.46
(t, J 6Hz, 3H), 2.61 (s, 3H), 4.52 (q, J 6 Hz, 2H), 7.1 (s, 1H), 7.3 (d,
J 8.2 Hz, 1H), 7.45 (s, 1H), 8.1 (d, J 8.1 Hz, 1 H). Anal. Calcd. for
C13 H12 O4: C, 67.24; H, 5.17. Found: C, 66.94; H, 4.93.

Preparation of chromone (9): A mixture of 6-chloro chromone – 
3-carboxaldehyde15 (380 mg), ethylene glycol (10 ml) and toluene-p-
sulfonic acid (15 mg) in toluene (20 ml) was refluxed for 7h using a
Dean–Stark water separator. It was the cooled, washed with saturated
sodium bicarbonate solution, water and solvent removed. The residue
was subjected to column chromatography over silica gel. Elution with
ethyl acetate – petroleum ether furnished the acetal (9) as a colourless
solid, 400 mg (88%), m.p. 130–132°C, IR 1655 cm–1; 1H NMR
(CDCl3) δ 3.98 (s, 4H), 6.0 (s, 1H), 7.5 (s, 1H), 7.58 (d, J 7.9 Hz, 1H),
8.10 (s,1H), 8.16 (d, J 8.0 Hz, 1H). Anal. Calcd. for C12 H9 O4 Cl: C,
57.02; H, 3.56. Found: C, 57.13; H, 3.44.

Chromanone (2a): IR 1689 cm–1; 1H NMR δ 1.68 (d, J 6.1 Hz, 3H),
2.48 (s, 3H), 2.67 (d, J 4.9 Hz, 2H), 4.23–4.92 (m, 1H), 6.8 (s,1H),
6.86 (d, J 7.8 Hz, 1H), 7.78 (d, J 7.8 Hz, 1H). Anal. Calcd. for
C11H12O2: C, 75.0;H, 6.81. Found: C, 75.18; H, 6.42.

Chromanone (4a): IR 1684 cm–1; 1H NMR δ 1.07, 1.17 (2d, J
6.0 Hz, 3H), 1.25, 1.48 (2d, J 6.0 Hz, 3H), 2.34 (s, 3H), 2.39–2.45 (m,
1H), 3.86–4.60 (m, 1H), 6.63, 6.69 (2s, 1H), 6.98, 7.03 (2d, J 8.0 Hz,
1H), 7.64,7.91 (2d, J 8.0 Hz, 1H). Anal. Calcd. for C12H14O2: C,
75.78; H, 7.36. Found: C, 75.34; H, 7.0.

Chromanone (5a): IR 1686 cm–1; 1H NMR δ 2.46 (s, 3H), 3.49 (s,
3H), 3.68 (t, J 6.8 Hz, 1H), 4.31 (d, J 6.8 Hz, 2H), 6.60 (s, 1H), 6.74
(d, J 8.1 Hz, 1H), 7.70 (d, J 8.0 Hz, 1H). Anal. Calcd. for C11H12O3:
C, 68.75; H, 6.25. Found: C, 68.24; H, 5.85.

Chromanone (6a): IR 1685 cm–1; 1H NMR δ 1.46, 1.62 (2d, J 6.0
Hz, 3H), 3.49, 3.82 (2s, 3H), 3.51–3.73 (m, 1H), 4.2–4.83 (m, 1H),
6.8–7.9 (m, 4H). Anal. Calcd. for C11H12O3: C, 68.75; H, 6.25.
Found: C, 68.54; H, 5.92.

The phenol (7a): 1H NMR δ 2.43 (s, 3H), 2.87–3.29 (m, 4H), 6.75
(d, J 8.2 Hz, 1H), 6.82 (s, 1H,), 7.61 (d, J 8.1 Hz, 1H), 7.36 (br s, 5H).
Anal. Calcd. for C16H16O2: C, 80.0; H, 6.67. Found; C, 80.34; H, 6.23.

Chromanone (8a): m.p. 95–97°C; IR 1753, 1689 cm–1; 1H NMR
(CDCl3) δ 2.46 (s, 3H), 3.04 (q, J 8.4 Hz, 2H), 3.92 (s, 3H), 5.11 (t, J
8.4Hz, 1H), 6.88 (d, J 8.0 Hz, 1H), 6.93 (s, 1H), 7.80 (d, J 8.0 Hz, 1H).
Anal. Calcd. for C12H12O4: C, 65.45; H, 5.45. Found: C, 65.85; H, 5.03.

Chromanone (9a): IR 1683 cm–1; 1H NMR δ 3.74 (s, 4H), 3.96 (d,
J 7.2Hz, 1H), 4.43–4.94 (m, 2H), 6.90–7.88 (m, 4H). Anal. Calcd. for
C12H12O4: C, 65.45; H,5.45. Found; C, 65.25; H, 5.32.
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Table 1

Substrate Time/h Product Yield/%

3 93

5 94

5 93

10 701,2

2 94

7 941

2 95

5 953

6 94

1Mixture of cis and trans isomers, 2Ammonium formate (5 mmol) and Pd–C (150 mg) were used and some starting material was
recovered (ca 15%). 3Trans esterification took place.
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