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2-(Arylamino)-4-oxo-4H-1-benzopyran-3-carbaldehyde rearranges to 4-oxo-4H-1-benzopyran-3-carban-
ilide when treated with glycine in the presence of formalin, but under similar conditions 2-(alkylamino)-4-
oxo-4H-1-benzopyran-3-carbaldehyde rearranges to 3-alkylaminomethylenechroman-2,4-dione.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction work-up, the reaction mixture produced a white solid, which was
Organocatalysis reaction is a rapidly growing area in the field of
synthetic organic chemistry. The advantage is that metal is ex-
cluded which often causes toxicity. Iminium ion catalysed organic
reactions and rearrangements have gained significance in the last
decade.1 Isomerisation of retinals which are the key reactions in
vision can be catalysed by iminium ion.2 It also catalyses asymmet-
ric vinylogous a-ketol rearrangements.3 Conversion of O-allylated
salicylaldehyde to chromanone using thiazolidine salt as organo-
catalyst has been accomplished.4 Recently, a study has been made
on asymmetric organocatalytic rearrangement reactions.5

2-Alkyl/arylaminochromone-3-carbaldehyde (1) has been re-
ported to be a very good building block for the synthesis of various
heterocycles.6 It has been synthesized by selective rearrangement
of nitrone 2.7 Compound 1 reacts with formalin and secondary
amine to produce 3,30-methylenebis(2-alkyl/arylaminochromone)
using deformylative Mannich reaction.8 Primary amines (both ali-
phatic and aromatic) convert 1 to 3.9 We report herein a rearrange-
ment reaction of 1 catalysed by the combined action of formalin
and primary amine.

In continuation of our earlier studies on double deformylative
Mannich reaction on 3-formylchromone using formalin and gly-
cine as the reagent to form N,N-di(chromon-3-ylmethyl)glycines,10

compound 1a was heated in methanol with equimolar amount of
glycine in the presence of excess formalin for 10 h. After usual
ll rights reserved.
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found to be 4a (Table 1, entry 1). The structure of the compound
was established on the basis of 1H NMR and mass spectral analysis
and finally confirmed by comparing with an authentic sample.11

Similar results were obtained from the reactions of 1b–d (entries
2–4). The structure of 4 clearly rules out the possibility of incorpo-
ration of formaldehyde and glycine in the product,12 but in their
absence no change was observed when 1 was heated in methanol
for 15 h. As 1�-amine reacts with 1 to produce 3,9 catalytic activity
of either CH2O or combined effect of formalin and 1�-amine was
examined. Compound 1 was heated with formalin alone in metha-
nol for 16 h, but no change in 1 was observed (entry 5). To check
the combined effect of CH2O and 1�-amine, glycine was substituted
by alanine and compound 1a produced 4a in good yield (entry 6).
Assuming amine moiety of aminoacid to be responsible for the
rearrangement, an equimolar amount of 1a and ethyl amine was
heated in methanol in the presence of excess formalin. Surpris-
ingly, the same transformation takes place although in lower yield
(entry 7). Methyl amine or benzyl amine was also employed, but
yields are poor compared to that of glycine (entries 8 and 9). It
should be mentioned that the above rearrangement does not take
place in the presence of formaldehyde and liquor ammonia (entry
10). When the amine component is changed from aliphatic to aro-
matic, no rearranged product was isolated even after heating for
18 h (entry 11). Use of paraformaldehyde in place of formalin takes
a longer reaction time and gives a poor yield (entry 12).

To verify the extent of catalytic activity of the amine compo-
nent, glycine was used in the reaction mixture in varying amounts
keeping formalin in excess (Table 2). It was observed that the
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Table 1
Rearrangement of 1 using a primary amine and formalin

Entry R1 R2 Amine
component

Additive Time
(h)

Product
(% yield)

Mp (�C)

1 H Ph Glycine CH2O 8 4a (70) 214–216
(215–
217)11

2 Me Ph Glycine CH2O 7 4b (72) 188–190
3 H Ara Glycine CH2O 8 4c (70) 220–222
4 Me Ara Glycine CH2O 10 4d (74) 218–220
5 H Ph –– CH2O 16 85% recovery of 1a
6 H Ph Alanine CH2O 10 4a (72) 214–216
7 H Ph EtNH2 CH2O 10 4a (40) 214–216
8 H Ph MeNH2 CH2O 10 4a (35) 214–216
9 Me Ph PhCH2NH2 CH2O 14 4b (60) 188–190
10 H Ph NH4OH CH2O 15 70% recovery of 1a
11 H Ph PhNH2 CH2O 18 60% recovery of 1a
12 Me Ph Glycine (CH2O)n 13 4b (40) 188–190
13 H Me Glycine CH2O 8 5e (55)

(E/Z:1/2)
198–200
(194–96)7

14 Me Et Glycine CH2O 10 5f (52)
(E/Z:2/5)

184–186

15 H Et Glycine CH2O 10 5g (60)
(E/Z:2/5)

184–186

16 H Ph AlCl3 in benzene 5 65% recovery of 1a
17 H Ph BF3 in CH2Cl2 6 60% recovery of 1a

a Ar stands for 4-MeC6H4.

Table 2
Catalytic effect of glycine on the rearrangement of 1 to 4

Entry R1 R2 Glycine (mol%) Time (h) Product Yield (%)

1 Me Ph 100 7 4b 72
2 Me Ph 40 14 4b 72
3 Me Ph 26 14 4b 72
4 Me Ph 12 24 4b 60
5 Me Ph 6 40 4b 40
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reaction time increases with decrease in the concentration of gly-
cine (Table 2, entries 1–5). Use of 26 mol% of glycine gives 72%
yield in 14 h (entry 3), on further decreasing the concentration of
glycine, the yield decreases even with longer reaction hours.
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Scheme 1. Rearrangement of 1–4 and 5 u
The reaction was then extended using 2-(alkylamino)-4-oxo-
4H-1-benzopyran-3-carbaldehyde 1 (R2 = alkyl). When 1e–g was
heated with equimolar amounts glycine in methanol in the pres-
ence of excess formalin for 7–10 h, it produced 5 (Table 1, entries
13–15). Compound 5 appeared as a diastereomeric mixture of E
and Z forms.7

The above observations may be rationalized as follows: initial
formation of iminium ion from 1�-amine and CH2O catalyses the
intramolecular attack of NHR2 group of 1 on the CHO function to
form 6, where 1,3-H shift takes place to produce 7. Electrocyclic
ring opening of 7 (R2 = aryl) (path a) leads to 8, which forms 4 with
the expulsion of iminium ion. But in 7 when R2 = alkyl, NR2 group
becomes more nucleophilic and facilitates the pyran ring opening
to 9 (path b), which recyclises to 10. Expulsion of iminium ion from
10 leads to the opening of azetinium ring to form 11, which finally
tautomerises to 5 (Scheme 1).

It may be predicted that the formation of iminium ion is respon-
sible in catalysing the reaction. Among the different amines used in
the rearrangement, aminoacids have the highest and the aromatic
amine has the lowest tendency to form the iminium ion. The yields
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of rearrangement products also corroborate the above prediction.
It is to be mentioned here that anhydrous AlCl3 or BF3 failed to car-
ry out this rearrangement (entries 16 and 17).

In conclusion, we have reported a combined organocatalytic
effect of formaldehyde and glycine in the rearrangement of
2-(N-alkyl-/aryl-)amino-4-oxo-4H-1-benzopyran-3-carbaldehyde
(1). The differential effect of alkyl and aryl group in the amine func-
tion of 1 in this rearrangement has also been rationalized.
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