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Orthohydroxy Acetophenones By Späth-Lederer Reaction
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ABSTRACT
Formation of chromones from ortho hydroxy acetophenones & ethyl formate is shown to be via 2-hydroxy-ω-formyl
acetophenones cyclised to 2-hydroxychromanones followed by elimination of water.

INTRODUCTION
In the Rasoda reaction chalcone dibromides when treated with aqueous solvents followed by alkali treatment furnish

flavonols.
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3-Arylidene flavanones are formed in the condensation of ortho hydroxy acetophenones with two equivalents of
aromatic aldehydes used. Evidently 2’-hydroxy chalcone is formed first, and then it undergoes cyclization to flavanone
which condenses with another molecule of aldehydes to give the product. To check this, ortho hydroxy acetophenones
were condensed with aromatic aldehydes. In few cases the reaction was unsuccessful. But when the related flavanone
was synthesized under different experimental conditions and condensed with the same aromatic aldehydes, the relative 3-
arylidene flavanone was obtained. On the other hand to check the necessity of the presence of aryl group at   C- 2 the
synthesis of required chromanone via 2-hydroxy chromanones ,their dehydration to chromones followed by catalytic
reduction is explored in the present work. We envisage the extension of the ‘Rasoda’ reaction to 3-arylidene flavanones
and chromanones considering these as rigidified chalcones. Some interesting results are already in our hands which will
be communicated in later communication.
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EXPERIMENTAL
Reagents, were synthesized in the laboratory and solvents were purified before use.

7,8-Dimethoxychromone:-

(a) E-3,4-Dimethoxy-N,N-dimethylformylidene-2-hydroxy-acetophenone:

A solution of 3,4-dimethoxy-2-hydroxyacetophenone(1.98 g.0.01 M), dimethyformamide dimethyl- acetal  (1.4
g,0.018 M) in dry xylene(20 ml. was heated at 120o for 2 h.when methanol- distilled off. More xylene (8 ml) was added
and the mixture was slowly heated up to 150o when xylene distilled out. The separated solid on crystallization from
benzene-light petroleum gave (a) E-3,4-Dimethoxy-N,N-dimethylformylidene-2-hydroxy-acetophenone (70
%),m.p.145o.(Found C,62.14;H,6.82;C13H17O4N2 requires C,62.59;H,6.96 %) I.R(Nujol)
1620,1540,1310,1285,1255,1280,1150,1110,1080,1012,980,925,868,787,778,752 cm-1

(b)7,8-Dimethoxychromone:- A mixture of E-3,4-dimethoxy-N,N-dimethylformylidene-2-hydroxyacetophenone(0.2 g.)
and aqueous H2SO4 (0.16 g. conc.H2SO4 in 20 ml. water) was heated on steam bath for 2 h.The separated solid was
filtered, washed with water dried (vacuum) and crystallized and crystallized from benzene to give 7,8-dimethoxy-
chromone (82 %),m.p.123o.(Found C,62.9, H,5.10,C11H10O4 requires C,62.82,H,5.12 %)

I.R.(Nujol)

1650,1590,1550,1500,1325,1285,1250,1220,1180,1130,1070,1020,985,860,810,,780,740 cm-1.1-H
NMR(CDCl3)7.93(1H,d,J=9Hz)H-5;  7.35(1H,d,J=6 Hz)-O-CH=CH-CO;              7.04(1 H,d,J=9Hz-H-6); 6.26(1H,d,J=6
Hz)-OCH=CH-CO; 3.9 (6H,s,2x-OCH3

7,8-Dimethoxy-2-hydroxychromanone 1 : To a suspension of dispersed metallic sodium (0.64 g, 0.02 M) in dry ether
(20 ml) was added drop wise, with stirring at 0o, a solution of 2-hydroxy-3,4-dimethoxyacetophenone (1.96 g. 0.01 M),
in dry ethyl formate (8ml) in ether(10 ml). More ethylformate (2 ml) was added and the reaction mixture was left
overnight. Ice-water was added and the reaction mixture was extracted with ether. The aqueous layer on neutralization
with AcOH (6 ml) and crystallization of the precipitated product from EtOH gave7,8-Dimethoxy-2-
hydroxychromanone1, (86%), m.p. 1680 (Lit. M.p.162o).

Found : C, 59.31; H, 05.40;

C11H12O5 requires: C, 58.92; H, 05.40%

I.R. (Nujol)

3245, 1670, 1610,1460,1418,1380,1325,1300,1220,

1185, 1190,1090,1030,1010,960,880 cm -1.

2-Hydroxy-7methoxychromanone 2.

(i) 2, 4- Dihydroxyacetophenone 3 :To a solution of freshly fused zinc chloride (30g) in glacial acetic acid (30 ml),
resorcinol (20g) was added and the mixture was refluxed gently (142o) for 30 min. The reaction mixture was cooled in
ice and the resultant syrupy liquid was poured in dilute HCl (180 ml;1:1). The separated solid was filtered and
crystallized from boiling water, containing few drops of HCl to give pale yellow plates of 3 (66%), m.p. 1430 (Lit. M.p.
142 -30).

(ii) 2-Hydroxy-4-methoxyacetophenone 4

2,4-Dihydroxyacetophenone (24 g) in dry acetone (100 ml) was added under nitrogen to asuspension of
anhydrous K2CO3 (58 g) in dry acetone (150 ml). Dimethysulphate (22 ml) was added drop wise with vigorous stirring
and the reaction mixture was refluxed for 2 h. It was then diluted with water, acidified with cone. HC1 and extracted with
ether. The ether extract was washed with water and counter extracted with aqueous KOH (400 ml, 1M). The KOH
solution was cooled in ice and acidified with cone.HC1. The resultant precipitate was extracted with ether and dried
(Na2S04). Removal of the solvent gave a solid which was distilled under reduced pressure to give a white crystalline
material of 4 (84 %), B.p. 130-135°, 3 mm Hg; 54°   (Lit3. M.p.480).

(iii) A solution of 2-hydroxy-4-methoxyacetophenone (1.66 g, 0.01 M) in freshly distilled ethylformate (dried over
P205;5 ml) was added drop wise to the stirred suspension of pulverized Na (0.092 g, 0.04 M) in dry ether (40 ml) of 0°,
when vigorous reaction occurred. When initial reaction was subsided (10 min) more ethyl formate (2 ml) was added to
the stirred reaction mixture and after 15h it was poured in ice-cooled 1:1 HC1 (50 ml), extracted with ether (2 x 25 ml),
washed with water (3 x 25 ml) and dried (Na2S04). Removal of solvent furnished a solid which on crystallization gave
the product 2,(56.7 %} m.p. 92° 11b.
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Found    :   C, 62.12;   H, 05.18
C 10 H 10 O4brequires :! C, 61.85;  H, 05.19 %
I.R. (Nujol) :

3225 (-OH), 1650, 1450,1300, 1264, 1240, 1200, 1155, 1010, 860 cm-1.

PMR δ (CDC13 + Py-D5 ), 9.5-8.5, IH,  (very broad 0.5 ppm), -OH; 7.85, 1H, d, Jo= 9Hz,-H5; 6.57, 1H, dd, Jo= 9Hz, Jm

= 2Hz,-H6; 6.49, 1H, d, Jm = 2Hz,-H8, 5.90; 1H, m (becomes very narrow with D2O), H2;    3.78, 3H, s, -OCH3 3.02, 1H,
dd, J=2 and 16 Hz, -H-3  (e);    2.85, 1H, dd, J  =2.5 and 16 Hz, -H-3(a).

2,7,8-Trimethoxychromanone 5 :
At low temperature (.00 ), methyl iodide was added (2 ml) dropwise to the stirred suspension of 2-hydroxy-7,8-

dimethoxychromanone (0.25 g) and silver oxide (0.40 g) in acetonitrile (5 ml) N2. Stirring was continue for 3 h.
Inorganic salts were filtered and washed with ether (2 x 10 ml), Removal of solvent from the combined filtrate and
washings furnished a gummy mass which on purification (Si02-PLC plates) furnished a white solid. Recrystallization
from EtOH gave 5 (73 %} m.p. 104°.

Found    :   C, 60.50;   H, 05.83
C12H14O5 requires :   C, 60.50;   H, 05.92 %
I.R. (Nujol) :

1690, 1600, 1510, 1320, 1295, 1280, 1220, 1190,
1170), 1148, 1110, 1070, 1030, 1012, 945, 890,
847 cm -1

7-Methoxychromone 6 :
At low temperature (0°), methyl iodide, was added ( 2ml) dropwise, to the stirred suspension of 2-hydroxy-7-

methoxychromanone (0.25 g) and silver oxide (0.50 g) in acetonitrile (5 ml) in inert atmosphere of N2for 3 h.

Inorganic salts were filtered and washed with ether. Removal of the solvent from the filtrate furnished a gummy
mass which on purification (Si02-PLC plate) furnished a white solid of 6 (69%), m.p. 110° (Lit. M.p. 110°).

General 'procedure for chromones from 2-hydroxychromanones :

A mixture of 2-hydroxychromanone 2 (0.01 M), EtOH (20 ml) conc. HC1 (O.5 ml) in water (30 ml) was
refluxed on waterbath 3h. EtOH was evaporated and the reaction mixture was cooled to 0°. The separated solid was
filtered, washed with water and crystallized from water to give the chromone5.

The white solid obtained from 2-hydroxy-7-methoxychromanone was crystallized from water to give 7-
methoxychromone  (82.95 %), m.p. 1100 (Lit. M.p. 1100

Found : 68.28; H, 04.56 :

C 10 H 10 O3 requires : C, 68.18; H, 04.54 %

PMR  (CDCl3 ): 8.09, 1H, d, J0 = 9Hz, -H5; 7.78, 1H, d, J0 =6.5 Hz, -H2 ;  6.97, 1H, d,

Jo = 9Hz, 2Hz, -H6; 6.82, 1H, d, Jm = 2Hz, -H8; 6.26, 1H, d ,Jo = 6.5 Hz, -H3.

A white solid obtained from 2-hydroxy-7,8-dimethoxychromanone crystallized from benzene-pet ether (1:9) to give
7,8-dimethoxychromone (79%) m.p1230(Lit. m.p.124o).

RESULTS AND DISCUSSION
In connection to related work we required 7,8-dimethoxy chromone.A convenient synthesis of 7, 8-dimethoxychromone
involves condensation of 2-hydroxy-3,4-dimethoxy aceto -phenone with dimethylformamide dimethylacetal (DMF-DM
acetal) to E-3,4-dimethoxy-ω-N,N-dimethylformylidene 2-hydroxy aceto- phenone(82%). As the (DMF-DM acetal) is
not readily available alternate method of Späth and Lederer1was explored in preference to other methods.

A convenient synthesis of chromones by this method involves condensation of ortho hydroxy acetophenones with
dimethyformamide dimethyl acetal to  E-3,4-Dimethoxy-N,N-dimethylformylidene-2-hydroxy-acetophenone in 3 s-cis
conformation cf.PMR fig.1, low energy bond rotation to s-trans rotamer 3 followed by ring closure to 2-
dimethylaminochromanone 4 and elimination of dimethylamine to chromone 5..
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Scheme 1

In the absence of ready availability dimethyformamide dimethyl acetal, an alternate synthesis of chromones from o-
hydroxyacetophenones 3 has been reported in 1930 by Späth and Lederer.1 This could be through the formation of 2-
hydroxy chromanone 2 followed by dehydration to 1 (retro-synthetic Scheme below)
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In the absence of ready availability dimethyformamide dimethyl acetal, an alternate synthesis of chromones from o-
hydroxyacetophenones 3 has been reported in 1930 by Späth and Lederer.1 This could be through the formation of
already reported 2-hydroxy chromanone 2 followed by dehydration to 1 (retro-synthetic Scheme below)
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For spectral studies, as the experimental details were not vailable,3 and the compounds were synthesized  with
experimental modification  to achieve better yields. Thus 2-hydroxy- 3.4-dimethoxy acetophenone  with Na and ethyl
formate furnished 7, 8-dimethoxy-2-hydroxy-chromanone.2 (86%), R=R1=OCH3, R2=H)( ν OH 3250 cm-1νCO 1650 [C=O-
--HO-inter molecular H- bonding)] Its PMR spectrum showed long range coupling between OH and axial  hydrogen at
C-3 indicating W coupling defining its conformation as in Figure 2

4 PMR, Figure 2

(4). PMR:δ5.85.1H.m-narrow,H-2 This on methylation (CH3I-Ag 2O) gave 2,7,8-trimethoxychromanone  ν CO 1695cm-
1

Thus we have realized the intermediacy of 2-hydroxychromanones in the Spath-Lederer reaction2 for the first
time. In contrast under similar conditions 2-hydroxy-7-methoxy chromanone gave 7-methoxychromone 4
(R=R2=H;R1=OCH3) by simultaneous 2,3-dehydration under alkaline conditions in addition to the acid work up in the
Späth-Lederer reaction justifying their intermediacy.

CONCLUSION
The intermediate in the formation of chromones in Späth and Lederer reaction has been identified  as   2-
hydroxychromanones
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