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One pot Amberlite IR-120 Catalysed Synthesis of Glycosyl
Dihydropyridones#
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Abstract: One pot reaction of B-glycosyl amino acids with B-ketoesters in the presence of IR-
120 resin and 4A molecular sieve in refluxing toluene resulted in respective dihydropyridones in

fair to good yields.
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Dihydropyridones are useful and interesting building blocks for the synthesis of a large
number of heterocyclic compounds of great biological significance.' Because of their
aminoenone moiety, these can be used in nucleophilic addition (both 1,2 and 1,4
addition), electrophilic substitution and enolate alkylation reactions.” Earlier reported
methods for the synthesis of dihydropyridones till date include the use of organometallics
and l-acyl salts of 4-methoxy pyridine,' conversion of B-aryl-B-amino acids to
dihydropyridones,”® Hetero Diels-Alder reaction of aromatic imines in presence of a
chiral catalyst’ and a very recent report® of multi step conversion of aryl amino acids into
2,3-dihydropyridones. In continuation of our work on development of biologically active
compounds from sugars,” we have also been reported'’ a two-step process, for the
synthesis of glycosyl dihydrpyridones, which involves Amberlite IR-120 catalysed

synthesis of glycosyl enamines followed by NaH mediated cyclisation.
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Earlier methods for the synthesis of dihydropyridones suffer many drawbacks. In our
reported method NaH mediated cyclisation sometimes possess difficulty in isolating the
products and the yields of dihydropyridones are also not encouraging. This has led to
search an alternative method for their synthesis. We thought if glycosyl amino acids
instead of esters are used the resulting enamine having carboxyl substituent would lead to
acid catalysed carbocation which would be attacked by electron rich f-carbon of enamine

to give dihydropyridone.

Thus condensation of B-glycosyl-B-amino acid 1% with ethyl acetoacetate in
presence of IR-120 resin and 4A MS in refluxing toluene resulted in the formation of a
mixture of three products over a long reaction period. The products were isolated by
column chromatography and were characterized as glycosyl-2, 3-dihydro pyridones 2 and
3 with 5-carbethoxy- and 5-carboxy substituents respectively and a dibasic acid 4. Since
application of phase transfer catalyst (PTC) is known to enhance the rate of such
reactions and whence it prompted us to see its effect on the progress of reaction. Thus
addition of tetrabutyl ammonium bromide (TBAB) to the above reaction led to reduce the
time period to 2 hours and better yields of cyclised dihydropyridones were observed. The
same reaction of the above glycosyl amino acid 1 with ethyl butyryl acetate resulted in
the formation of three products, the cyclized dihydropyridones with 5-carbethoxy 2, 5-
carboxy substitutent 3 and dibasic acid 4. However, the reaction of glycosyl amino acid 1
and acetyl acetone after several hours of refluxing in toluene with or without TBAB
resulted only in the uncyclised enamino monobasic acid 5, similar to our earlier
observation.” Similarly reaction of glycosyl amino acids 6°° and 7'' with ethyl
acetoacetate and ethyl butyryl acetate in refluxing toluene in presence of molecular sieve
resulted in the formation of cyclized dihydropyridones 2 and 3 with carbethoxy and
carboxy substituents'' and dibasic acid 4. Compounds 6 and 7 on similar reaction with

acetyl acetone here too gave only uncyclised monobasic acids 5.
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Please insert Scheme 1.

To the best of our knowledge this is the first report of IR-120 resin catalysed
synthesis of glycosyl dihydropyridones. The method is very simple as it requires only

filtration and evaporation of solvent followed by purification by column chromatography.

Please insert Figure 1.

The mechanism proposed for the above condensation reaction involves protonation of
the B-keto oxygen and then nucleophilic attack by the amino functionality of B-glycosyl
[-amine acids to the same B-keto carbonyl carbon resulting in a tetrahedral intermediate
(111). The latter may undergoes dehydration yield to formation of B-glycosyl enamine
that on further protonation at acid functionality (IV) followed by intramolecular
nucleophilic attack by the carbanion, to the electrophilic carbonyl carbon species (+C=0)
and subsequent removal of proton would result in formation of the glycosyl
dihydropyridones (V11). Their corresponding acids (IX) may be results of IR-120 resin
catalysed subsequent hydrolysis of VII ie the removal of C;HsOH from that of glycosyl
dihydropyridones (V11) as shown in Figure 1.

Please insert Table 1.

In conclusion we have developed a new, simple and economical method for the
synthesis of glycosyl dihydropyridones, which may serve as scaffolds for the
stereoselective synthesis of diverse class of compounds of biological significance. The

method may be extended to other - amino acids too.
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General procedure for the synthesis of compounds: A mixture of B-glycosyl--
amino acid (1, 1.0 gm, 2.96 mmol), ethylacetoacetate (0.46 ml, 2.96 mmol) and
amberlite IR-120 resin (0.50 gm) in presence and 4A MS in anhydrous toluene (20
ml) fitted with Dean- Stark apparatus to remove water formed during reaction, was
refluxed under magnetic stirring for 3h. The resin and 4A MS were filtered and
solvent was evaporated. The residue obtained was chromatographed over SiO,
column using a gradient of chloroform: methanol (98:2) to give compound 2 as
colourless oil. Application of TBAB as phase transfer catalyst led to shorter duration

of reaction.

Physical data of selected compounds: Entry 4 (2): Colourless oil, FAB MS: m/z =
432 [M+H]"; IR (KBI): vimax cm™' 3414, 1720, 1640 and 1540; 'H NMR (200 MHz,
CDCls): 8 7.32 (m, 5H, Ar-H), 5.95 (d, J = 3.6 Hz, 1H, H-1"), 5.89 (s, 1H, NH), 4.68
(m, 2H, H-2’, OCHAPh), 4.48 (d, J = 11.4 Hz, 1H, OCHgPh), 4.26 (q, J = 7.4 Hz, 2H,
OCH,CHj3), 4.12 (m, 2H, H-4’and H-6), 3.97 (d, J = 3.1 Hz, 1H, H-3"), 2.38 (m, 2H,
H-5), 2.22 (s, 3H, C=CCHj3), 1.50, 1.33 (s, 6H, C(CHs),), 1.28 (t, J =7.1Hz, 3H,
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OCH,CH;); *C NMR (50 MHz, CDCls): § 187.1 (COCH>), 167.0 (COOC,Hs), 165.7
(NC=C), 136.6 (Ar-C), 129.1, 128.9, 128.3 (Ar-CH), 112.6 [>C(CH;),], 105.3
(NC=C), 104.2 (C-1°), 82.2 (C-2"), 81.7 (C-4), 81.0 (C-3"), 72.6 (OCH,Ph), 60.5
(OCH,CHj3), 51.6 (C-6), 38.3 (C-5), 27.1 and 26.5 [2 x >C(CH3),], 14.7 (OCH,CHj).
Entry 5 (3): Colourless oil, FAB MS: m/z = 432 [M+H]", IR (KBT1): Vinax cm’! 3405,
1724 and 1660. '"H NMR (200 MHz, CDCls): & 7.31 (m, 5H, Ar-H), 5.96 (d, J =3.6
Hz, 1H, H-1°), 4.67 (m, 2H, H-2’, OCHAPh), 4.47 (d, J = 11.4 Hz, 1H, OCHgPh),
4.07 (m, 1H, H-4"), 3.95 (d, J = 3.0 Hz, 1H, H-3"), 3.20 (m, 1H, H-6), 2.39 (m, 4H,
H-5, and CH,CH,CHj3), 1.56 (m, 2H, CH,CH>CH3), 1.47 and 1.31 [each s, 6H,
>C(CH;),], 0.87 (t, J = 7.3 Hz, 3H, CH,CH,CHs); °C NMR (50 MHz, CDCls): &
206.3 (COCH,), 174.4 (COOH), 166.1 (NC=C), 136.8 (Ar-C), 128.5, 128.0 (Ar-CH),
112.3 [>C(CHj3),], 109.9 (NC=C), 104.8 (C-1°), 81.9 (C-2°), 79.4 (C-4"), 77.4 (C-3"),
71.7 (OCH,Ph), 48.7 (CH,CH,CHj3), 45.61 (C-6), 45.2 (C-5), 26.7 and 262 [2 x
>C(CHjs),], 16.6 (CH,CH,CHj3), 13.4 (CH,CH,CHj3). Entry 8 (3): Colourless oil,
FAB MS: m/z = 394 [M-17]"; IR (KBr): vimax cm’™ 3345, 1719 and 1637. '"H NMR
(200 MHz, CDCl3): & 5.54 and 5.50 (each d, J = 3.0 Hz, 1H, diastereomeric H-1"),
4.61 and 4.58 (dd, J = 7.6 & 1.7 Hz, 1H, H-3"), 4.38 (m, 3H, H-2’, H-4’ and H-5"),
4.09 (m, 1H, H-6), 2.80 (m, 2H, H-5), 2.52 (t, J = 7.4 Hz, CH,CH,CH3), 1.60 (m, 2H,
CH,CH,CH3), 1.50 and 1.43 [each s, 6H, >C(CHs),], 1.31 [s, 6H, [>C(CH3),], 0.91 (t,
J = 7.4 Hz, 3H, CH,CH,CH;); °C NMR (75 MHz, CDCl): & 206.1, 205.8
(diastereomeric COCH,), 175.1, 174.6 (NC=C), 166.1, 165.9 (COOH), 109.3 and
108.7 (C(CHs)y), 96.3 (C-1’ and NC=C), 71.6 (C-3"), 71.0 (C-2’), 70.8 (C-4’), 66.9
(C-5°), 49.8 (CH,CH,CH;), 47.5 (C-6), 35.2 (C-5), 25.9, 25.0 and 242 [2 x
>C(CHs),], 16.8 (CH,CH,CH3), 13.5 (CH,CH,CH3).
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Entry Substrates Products % yield (% Conversion)

R' R’ 2 3 4 5 Time (h)
1 1 CH; 15(70) | 15(70) 70(70) - 3
2 1 n-CzH; | 20(80) | 20(80) 60(80) - 2.5
3 1 CH; - - - 80
4 6 CH; 20(75) | 20(75) 60(75) - 3
5 6 n-CsH, | 25(80) | 20(80) 55(80) - 25
6 6 CH; - - - 85
7 7 CH; - 20(70) 80(70) -
8 7 n-CsH; | - 25(80) 75(80) - 2.5
9 7 CH; - - - 85 2

Table 1: Dihydropyridones 2, 3 and respectively as shown in Scheme
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Scheme 1: Synthesis of Glycosyl Dihydropyridones
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Figure 1: Proposed reaction mechanism



	One pot Amberlite IR-120 Catalysed Synthesis of Glycosyl  Dihydropyridones#

