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This letter describes two unprecedented one-pot high yielding synthetic approaches to imidazo[1,2-
a]pyridine scaffolds from carbohydrates. The first approach involves microwave-assisted acid-catalyzed
domino reactions of unprotected p-glucose/p-xylose with ammonium acetate and benzoin to afford
polyhydroxy iminosugar-bearing tetrahydroimidazo[1,2-a]pyridines. In the second approach, polyhy-

droxy iminosugar-bearing tetrahydrobenzimidazo[1,2-a]pyridines were synthesized by using unpro-
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tected p-glucose/p-xylose and 1,2-diamines in the presence of 10 mol % of oxalic acid under solvent-
free microwave irradiation conditions.

© 2009 Elsevier Ltd. All rights reserved.

Iminosugars are arousing a great interest as potential therapeu-
tic agents against HIV infection,'? cancer,>* diabetes,>® and other
genetic and metabolic disorders’ due to their powerful interfer-
ence with glycosyltranferases. Recently published reviews clearly
reveal the significance of iminosugars®'° Imidazole- and
pyridine-based structural scaffolds have been established as the
essential part of many natural products. Synthetic compounds hav-
ing these moieties exhibit a wide range of biological activities.
Thus, tremendous efforts have been devoted to the synthesis of
various imidazo[1,2-a]pyridines to explore their therapeutic po-
tential.!'"!> Some of their derivatives act on the central nervous
system'®!” and have cardiotonic,'® antiseptic, antiinflamma-
tory,’>2% and analgesic?! effects, and also show activity against
HIV infections.?? They are o-amyloid formation inhibitors?* and
constitute a novel class of orally active nonpeptide bradykinin B,
receptor antagonists.>* Imidazo[1,2-a]pyridine compounds are
presently in clinical use, for example, zolimidine (an antiulcer
drug),?® zolpidem (a hypnotic drug), and alpidem (a non-sedative
anxiolytic drug).2®

Among several methods available for the synthesis of imi-
dazo[1,2-a]pyridines,?’*° the most general involves the coupling
of 2-aminopyridines with a-halocarbonyl compounds.?® However,
this approach does not readily lend itself to a diversity oriented
synthesis. Recently more than a few synthetic methods for prepar-
ing these compounds based on multicomponent reactions have

* Corresponding author. Tel.: +91 5322500652; fax: +91 5322460533.
E-mail address: 1dsyadav@hotmail.com (L.D.S. Yadav).

0008-6215/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.carres.2009.11.016

been reported by using Lewis acids as well as protic liquid and so-
lid acids promoters such as scandium triflate,>>~># ZnCl,,*® TsOH,>®
HC10,4,3” HOACc,>® montmorillonite K-10 clay,®® and silica-sulfuric
acid.*® However, in spite of the potential utility of aforementioned
routes for the synthesis of imidazo[1,2-a]pyridine derivatives,
many of these reactions suffer from limitations such as introduc-
tion of substituents at specific positions and functional group intol-
erance of the conditions required. Many of these methods involve
expensive reagents, long reaction times, low yields, and use of
toxic organic solvents. However, to the best of our knowledge,
there has been no report on the microwave-assisted synthesis of
iminosugar-bearing tetrahydroimidazo[1,2-a]pyridines starting
from p-glucose and p-xylose although they appear to be utilized
for exploiting chemical diversity and generating a drug-like library
to screen for potential new leads. Aside from the simple expecta-
tion that the presence of sugar residues with free hydroxyl groups
in these heterocylic systems should increase the water solubility
and bioavailability, other interesting biological properties may
arise owing to the complex machinery of various glycoconjugate
biological activities.*!

On the basis of the above-mentioned points and our ongoing
efforts to devise new MW-assisted solvent-free cyclization
processes,*>~4* especially using carbohydrates as starting mate-
rial,®**° we describe herein two synthetic approaches for an
acid-catalyzed unprecedented synthesis of biologically important
iminosugar-bearing tetrahydroimidazo[1,2-a]pyridines 4, 5, 7,
and 8 using p-glucose and p-xylose as biorenewable resources un-
der solvent-free microwave irradiation conditions (Scheme 1).
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Scheme 1. Formation of iminosugar-bearing imidazo[1,2-a]pyridines 4, 5, 7, and 8.
Advantageously, the present methodology avoids tedious protec- HO
tion-deprotection operations. HOL ~_sCH

In order to probe the desired products we performed some pre- n=4
liminary experimentations when it was found that the synthesis of - N"SN
tetrahydroimidazo[1,2-a]|pyridines 4 and 5 could be effected by OH L

. . CHO NH \ ]
MW-activated solvent-free reactions of p-glucose/p-xylose, ben- ] JEEN 2 MW -
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zoin 3, and ammonium acetate mediated by 10 mol % oxalic acid Shon TN 10 mol% HO
(Scheme 2). D-glucoge, n=4 N2 oxalic acid HOW_~_sOH

Inspired by the above-mentioned synthesis we have also D-xylose, n =3 6 n=3
successfully synthesized iminosugar-bearing tetrahydrobenzimi- 2 — NN
dazo[1,2-a]pyridines 7 and 8 in excellent yields by using 1,2-dia- ju—
mine and bp-glucose/p-xylose as starting substrates in the /‘\_,'
presence of 10 mol % oxalic acid via amine-driven domino reac- 8

tions (Scheme 3).

It was noted that other catalysts’ silica gel, montmorillonite
K-10 clay, acidic, neutral or basic Al,0s5, I, CeS04-8H,0, CeCl3-7H,0
were far less effective (Table 1) resulting in either no reaction (in
case of basic alumina) or relatively very low yields of products
(4a and 7a of Tables 2 and 3, respectively). To optimize catalyst
loading, we carried out the reactions using 5, 10, and 15 mol % of
oxalic acid and the highest yields were obtained with 10 mol %
(Table 1, entry 7). Moreover, when the reaction was performed
at 80 °C using conventional heating, significantly lower yields of
4a and 7a were obtained in relatively longer reaction times
(Table 1).

First approach: The strategy followed for the envisaged synthe-
sis of tetrahydroimidazo[1,2-a]pyridines 4 and 5 consisted of
MW irradiation of a solvent-free intimate mixture of benzoin 3,
ammonium acetate 1, and p-glucose/p-xylose 2 in the presence of
10 mol % oxalic acid, at 80 °C for 9-13 min in a Chemical Labora-
tory Microwave Oven (Model: BP-310/50, 230V, 50 Hz power in-
put) (Table 2). After isolation and purification by recrystallization
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Scheme 2. Formation of iminosugar-bearing tetrahydroimidazo[1,2-a]pyridines 4
and 5.

Scheme 3. Formation of iminosugar-bearing tetrahydrobenzimidazo[1,2-a]pyri-
dines 7 and 8.

Table 1
Optimization of reaction conditions for compounds 4a and 7a
Entry Catalyst system MW Oil bath
Time? Yield® Time? Yield®
(min) (%) (h) (%)
4a 7a 4a 7a 4a 7a 4a 7a
1 K-10 clay 10 12 93 89 6 7 38 36
2 CeCl5-7H,0-Nal 12 14 92 89 7 8 36 32
3 Silica gel 13 15 69 62 9 8 20 18
4 Neutral alumina 14 13 17 18 10 10 11 12
5 Acidic alumina 13 13 17 16 9 10 13 12
6 5 mol % oxalic acid 14 13 33 30 6 5 49 48
7 10 mol % oxalic acid 12 14 70 68 5 4 50 53
8 15 mol % oxalic acid 13 13 73 75 6 5 51 48

¢ Time for the completion of the reaction at 80 °C as indicated by TLC.
b Yield of isolated and purified products 4a and 7a.

from ethanol multifunctionalized tetrahydroimidazo[1,2-a]pyri-
dines 4 and 5 were obtained in 80-96% yields.

Second approach: In the second synthetic route, iminosugar-
bearing tetrahydrobenzimidazo[1,2-a]pyridines 7 and 8 were syn-
thesized in 79-91% yields by MW irradiation of a solvent-free inti-
mate mixture of p-glucose/p-xylose 2, 1,2-diamine 6 and 10 mol %
oxalic acid, at 80 °C for 8-14 min in a Chemical Laboratory Micro-
wave Oven (Model: BP-310/50, 230V, 50 Hz power input) (Table
3), which were isolated and purified by recrystallization from
ethanol.

The formation of target compounds 4 and 5 may be tentatively
rationalized by oxalic acid-catalyzed condensation of aldoses
(p-glucose/p-xylose) 2, 2-hydroxyketone 3 with ammonia (in situ
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Table 2
Microwave-assisted synthesis of iminosugar-bearing tetrahydroimidazo[1,2-a]pyri-
dines 4 and 5

Product Ar! Ar? Time? (min) Yield®€ (%)
4a CeHs CgHs 10 93
ab Pp-CICcH, CeHs 9 94
4c p-MeOCgH4 CgHs 11 88
4d p-MeOCgHy p-MeOCgH4 12 83
5a CeHs CeHs 11 95
5b p-ClCeH,4 CgHs 9 96
5¢ p-MeOCgHy CgHs 10 89
5d p-MeOCgH,4 p-MeOCgH4 13 80

¢ Microwave irradiation time at 80 °C.

b Yield of isolated and purified products.

¢ All compounds gave C, H, and N analyses within +0.36% and satisfactory spec-
tral (IR, "H NMR, '*C NMR, and EIMS) data.

Table 3
Microwave-assisted synthesis of iminosugar-annulated tetrahydrobenzimidazo
[1,2-a]pyridines 7 and 8

Product Diamine 6 Time? (min) Yield®€ (%)
NH,
7a @: 12 89
NH,
NH,
7b )@[ 8 79
NH,
NH,
7c \@ 9 84
NH,
NH,
7d [ 14 82
NH,
NH,
8a @: 11 91
NH,
NH,
8b j@[ 10 83
NH,
NH,
8c \@[ 9 87
NH,
NH,
8d [ 13 90

NH,

¢ Microwave irradiation time at 80 °C.

b Yield of isolated and purified products.

¢ All compounds gave C, H, and N analyses within +0.36% and satisfactory spec-
tral (IR, '"H NMR, *C NMR, and EIMS) data.

generated from ammonium acetate) to form 2-aminoketone 12
and imino-derivative 13, respectively. The adduct 14, formed from
12 and 13, underwent intramolecular dehydrative cyclization fol-
lowed by dehydrogenation to afford the intermediate 17 which
cyclodehydrated to give the products 4 and 5 in 80-96% yields
(Scheme 4).

A plausible mechanistic pathway for the formation of products
7 and 8 allowing the second synthetic strategy is depicted in
Scheme 5. The oxalic acid-catalyzed condensation of aldose (p-glu-
cose/p-xylose) 2 with 1,2-diamine 6 gives imine 18 which
undergoes intramolecular cyclization, dehydrogenation, and cyc-
lodehydration cascade to afford products 7 and 8 in 79-91% yields.

In summary, we have developed two routes for an unprece-
dented one-pot synthesis of polyfunctionalized iminosugar-bear-
ing imidazo[1,2-a]pyridine scaffolds using unprotected p-glucose
and p-xylose as biorenewable resources under solvent-free MW

irradiation conditions. The protocols are generally high yielding
and offer an easy access to chemically and pharmaceutically rele-
vant products.

1. Experimental
1.1. General

Melting points were determined by open glass capillary meth-
od and are uncorrected. IR spectra in KBr were recorded on a Per-
kin-Elmer 993 IR spectrophotometer. 'H NMR spectra were
recorded on a Bruker WM-40 C (400 MHz) FT spectrometer in
DMSO-dg using TMS as internal reference. '>C NMR spectra were
recorded on the same instrument at 100 MHz in DMSO-dg and
TMS was used as an internal reference. Mass (EI) spectra were re-
corded on a JEOL D-300 mass spectrometer. Elemental analyses
were carried out in a Coleman automatic carbon, hydrogen and
nitrogen analyzer. A Chemical Laboratory Microwave Oven (Mod-
el; BP-310/50, 230V, 50 Hz power input) was used for all experi-
ments. All chemicals used were reagent grade and were used as
received without further purification. Silica Gel-G was used for
TLC.

1.2. (55,6R,7S,8S)-5,6,7,8-Tetrahydro-5-(hydroxymethyl)-2,3-
disubstituted-imidazo[1,2-a]pyridines-6,7,8-triol (4) and
(6R,7S,8S)-5,6,7,8-tetrahydro-2,3-disubstituted-imidazo[1,2-a
Ipyridine-6,7,8-triol (5): general procedure

An intimate solvent-free mixture of benzoin 3 (1 mmol), ammo-
nium acetate (2 mmol), and aldose 2 (1 mmol) in the presence of
10 mol % of oxalic acid was taken in a 20 mL vial and subjected
to MW irradiation in a Chemical Laboratory Microwave Oven
(Model: BP-310/50, 230V, 50Hz power input) at 80°C for
9-13 min (Table 2). After completion of the reaction as indicated
by TLC, water (10 mL) was added to precipitate the crude product,
which was recrystallized from ethanol to give an analytically pure
sample of 4 and 5 as a yellow solid.

1.2.1. 5-Hydroxymethyl-2,3-diphenyl-5,6,7,8-tetrahydro-
imidazo[1,2-a]pyridine-6,7,8-triol (4a)

Yellow solid; yield 93%, mp 197-199 °C. IR (KBr) vmax 3344,
3010, 2856, 1606, 1582, 1456 cm™~'. 'TH NMR (400 MHz, DMSO-
ds): 6=3.58 (dd, 1H, ,]6H,7H =9.3 Hz, JSH,GH =94 Hz, 6-H), 3.78
(ddd, 1H, ]1’Ha,5H =3.1Hz, Jl’Hb,SH =6.7 Hz, JSH,GH =6.0 Hz, S—H),
3.85 (dd, 1H, ]1’Ha,1’Hb= 12.7 Hz, .]1’Ha,5H=3-1 Hz, 1/—Ha), 3.97 (dd,
]H, ]7H,8H =9.6 HZ, JGH,7H =93 HZ, 7-H), 4.00 (dd, ]H, ]1/]—13'1be =
12.7 Hz, ]l’Hb,SH =6.7 Hz, 1/—Hb), 4.88 (d, 1H, _]7H,8H =9.6 Hz, 8—H),
4.89-5.21 (br s, 4H, 4 x OH, exchangeable with D,0), 7.20-7.54
(m, 10H). *C NMR (100 MHz, DMSO-dg): ¢ =42.5, 60.1, 68.3,
69.8, 81.2, 120.1, 122.4, 125.0, 125.7, 126.3, 126.9, 127.6, 128.2,
134.2, 135.0, 152.2. MS-FAB: m/z=353 [MH"]. Anal. Calcd for
CoHz0N204: C, 68.22; H, 5.72; N, 7.95. Found: C, 67.98; H, 5.52;
N, 8.26.

1.2.2. 2-(4-Chloro-phenyl)-5-hydroxymethyl-3-phenyl-5,6,7,8-
tetrahydroimidazo[1,2-a]pyridine-6,7,8-triol (4b)

Yellow solid; yield 94%, mp 183-185 °C. IR (KBr) vpax 3345,
3011, 2858, 1607, 1583, 1456 cm~!. 'H NMR (400 MHz, DMSO-
de): d 3.60 (dd, 1H, _]5].['7].[ =9.2 Hz, ]SH.GH =93 Hg, 6—H), 3.79 (ddd,
1H, _]1/]-[3'5]-{ =3.0 HZ, _]1’Hb,5H =6.7 HZ, JSH,GH =59 HZ, S-H), 3.87 (dd,
1H, J]’Ha,l’Hb =12.6 Hz, ]1’Ha,5H =3.0Hz, 1/-Ha), 3.98 (dd, 1H,
]7H,8H =95 HZ:.IGHJH =92 HZ, 7—H), 4.02 (dd, 1H-]1’Ha,1’Hb =125 HZ,
Jimpsu = 6.7 Hz, 1'-H,), 4.86 (d, 1H, J7usu = 9.5 Hz, 8-H), 7.19-8.00
(m, 9Harom), 4.92-5.18 (br s, 4H, 4 x OH, exchangeable with D,0).
13C NMR (100 MHz, DMSO-dg): & 42.8, 60.7, 68.5, 70.0, 82.1,
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Scheme 4. A plausible mechanism for the formation of iminosugar-bearing tetrahydroimidazo[1,2-a]pyridines 4 and 5.
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Scheme 5. A plausible mechanism for the formation of iminosugar-bearing tetrahydrobenzimidazo[1,2-a]pyridines 7 and 8.

120.2,122.2, 125.7, 126.3, 126.9, 127.6, 128.5, 131.7, 133.0, 135.2,
152.4. MS-FAB: m/z =388 [MH"]. Anal. Calcd for CyoH;9CIN,O4: C,
62.22; H, 4.96; N, 7.25. Found: C, 62.56; H, 4.66; N, 7.05.

1.2.3. 5-Hydroxymethyl-2-(4-methoxy-phenyl)-3-phenyl-
5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-6,7,8-triol (4c)

Yellow solid; yield 88%, mp 176-178 °C. IR (KBr) vpax 3343,
3010, 2984, 2856, 1605, 1584, 1455cm~'. 'H NMR (400 MHz,
DMSO-d(;): 6=3.57 (dd, 1H, ]6H,7H =9.2 Hz, JSH,GH =9.3 Hz, G—H),
3.71 (S, 3H, OCHg), 3.77 (ddd, 1H:]1’Ha.SH =3.0 Hz, ]l’Hb,SH =6.6 Hz,
]5]_['5]_[ =93 HZ, S-H), 3.85 (dd, 1H, _]1’Ha,l’Hb =12.6 HZ, _]1/].[3'5].[ =
3.0 Hz, ]I-Ha), 3.95 (dd, 1H, J7H,8H =9.5 Hz, ]5].[_7].[ =9.2 Hz, 7—H),
4,01 (dd, lH, ]I/HaJ’Hb: 12.6 Hz, _]1/Hb'5|_|=6.6 Hz, 1’_Hb)- 4.84 (d,
1H, J7usu = 9.5 Hz, 8-H), 4.97-5.17 (br s, 3H, 3 x OH, exchangeable
with D,0), 6.98-7.85 (m, 9Harom). >C NMR (100 MHz, DMSO-dp):
6=43.0, 54.1, 61.1, 67.9, 705, 81.8, 111.7, 120.1, 123.0, 125.1,
126.0, 126.9, 127.0, 127.6, 135.0, 152.1, 161.1. MS-FAB: m/z = 383
[MH*]. Anal. Calcd for C;Hy;N,0s: C, 66.00; H, 5.80; N, 7.33.
Found: C, 65.73; H, 6.34; N, 7.11.

1.2.4. 5-Hydroxymethyl-2,3-bis-(4-methoxy-phenyl)-5,6,7,8-
tetrahydroimidazo[1,2-a]pyridine-6,7,8-triol (4d)

Yellow solid; yield 83%, mp 161-163 °C. IR (KBr) vpax 3342,
3009, 2982, 2854, 1604, 1583, 1455cm~'. 'TH NMR (400 MHz,
DMSO—dG): 6 3.58 (dd, 1H, JGH.7H =9.1 Hz, .ISH,SH =9.2 Hz, 6—H),
3.72 (s, 6H, OCH3), 3.79 (ddd, 1H, J1nasu = 3.0 Hz, J1upsu = 6.5 Hz,
]SH.GH =9.2 Hz, 5—H), 3.82 (dd, 1H, .]1’Ha,1’Hb =12.7 Hz, ]1’Ha,5H =
3.0 HZ, 1I-Ha), 3.94 (dd, 1H, ]7H,8H =95 HZ, JGH,7H =9.2 HZ, 7-H),
3.99 (dd, 1H, _’l’Ha,]'Hb= 12.7 Hz, ]l’Hb,5H=6-5 Hz, 1/'Hb)- 4.85 (d,
1H, J7usn = 9.5 Hz, 8-H), 4.95-5.12 (br s, 4H, 4 x OH, exchangeable
with D,0), 6.97-7.52 (m, 8Harom). >C NMR (100 MHz, DMSO-dg): &
42.8, 53.9, 54.2, 60.8, 68.0, 70.2, 81.7, 111.8, 112.0, 120.0, 122.8,
126.2, 126.8, 127.8, 128.5, 152.0, 161.1, 161.3. MS-FAB: m/z=413
[MH"]. Anal. Calcd for CyH»4N,06: C, 64.11; H, 5.87; N, 6.79.
Found: C, 63.79; H, 5.66; N, 6.45.

1.2.5. 2,3-Diphenyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-
6,7,8-triol (5a)

Yellow solid; yield 95%, mp 180-182 °C. IR (KBr) vpax 3343,
3009, 2852, 1603, 1580, 1455 cm™~'. 'H NMR (400 MHz, DMSO-
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dg): 0=3.48 (ddd, 1H, JGH,7H =9.1 Hz, JSHa,GH =9.7 Hz, JSHb,GH =
3.5 Hz, 6—H), 3.51 (dd, 1H, ]SHa.SHb =129 Hz, _]5}_[3'5].[ =9.7 Hz,
5-H,), 3.89 (dd, 1H, Jsuasub = 12.9 Hz, Jsuben = 3.5 Hz, 5-Hp), 3.94
(dd, 1H, J7H,8H =9.5Hz, ]GH,7H =9.1 Hz, 7-H), 4.82 (d, 1H,
J7usn=9.5Hz, 8-H), 4.97-5.19 (br s, 4H, 4 x OH, exchangeable
with D,0), 7.18-7.51 (m, 10H.rom). >C NMR (100 MHz, DMSO-
de): 6=38.3, 68.0, 71.0, 84.2, 120.1, 121.9, 125.0, 125.7, 126.8,
127.2, 127.7, 128.0, 134.3, 134.7, 152.1. MS-FAB: m/z=323
[MH"]. Anal. Calcd for C;9HgN,03: C, 70.84; H, 5.63; N, 8.7. Found:
C, 70.64; H, 5.51; N, 9.00.

1.2.6. 2-(4-Chloro-phenyl)-3-phenyl-5,6,7,8-tetrahydro
imidazo[1,2-a]pyridine-6,7,8-triol (5b)

Yellow solid; yield 96%, mp 165-167 °C. IR (KBr) vpax 3344,
3011, 2853, 1605, 1581, 1455 cm~'. '"H NMR (400 MHz, DMSO-
dG): 0 3.58 (ddd, 1H:]GH,7H =9.1 HZv]SHa,GH =9.6 HZ!JSHD,GH =3.4Hz,
6-H), 3.83 (dd, 1H, Jspasup = 12.8 Hz, Jspaen = 9.6 Hz, 5-H,), 3.92
(dd, ]H, ]5Ha,5Hb=12-8 HZ, ]5Hb,6H=3~4 HZ, S-Hb), 3.95 (dd, ]H,
_]7H,8H =94 Hz, JGH.7H =9.1 Hz, 7—H), 4.83 (d, 1H, _]7H,8H =9.4Hz,
8-H), 4.99-5.20 (br s, 3H, 3 x OH, exchangeable with D,0), 7.17-
7.93 (m, 9Harom). >C NMR (100 MHz, DMSO-dg): & 38.1, 68.5,
71.2, 83.9, 1204, 121.5, 125.1, 126.1, 126.7, 127.4, 128.2, 130.9,
133.2, 135.0, 151.8. MS-FAB: m/z=357 [MH"]. Anal. Calcd for
Cy9H17CIN;05: C, 64.09; H, 4.80; N, 7.86. Found: C, 64.40; H,
5.08; N, 7.53.

1.2.7. 2-(4-Methoxy-phenyl)-3-phenyl-5,6,7,8-tetrahydro
imidazo[1,2-a]pyridine-6,7,8-triol (5c)

Yellow solid; yield 89%, mp 169-171 °C. IR (KBr) vmax 3341,
3008, 2985, 2855, 1604, 1584, 1455 cm '. 'H NMR (400 MHz,
DMSO—dg): d=3.46 (ddd, 1H, _]5].['71.[ =9.0 Hz, _]5}_[3'5].[ =9.5Hgz,
Jsuben =3.4Hz, 6-H), 3.50 (dd, 1H, Jspasup=12.8 HZ, Jspaen=
9.5 Hz, 5-H,), 3.70 (s, 3H, OCH3), 3.85 (dd, 1H, Jsuasup = 12.8 Hz,
.]5Hb.6H =34 HZ, S—Hb), 3.92 (dd, 1H, _]7H,8H =94 HZ, _]GH,7H =9.0 HZ,
7-H), 4.82 (d, 1H, J7usu=9.4Hz, 8-H), 4.90-5.09 (br s, 3H,
3 x OH, exchangeable with D,0), 6.95-7.49 (m, 9H.rom). >°C NMR
(100 MHz, DMSO-dg): ¢ = 38.4, 54.2, 68.8, 71.0, 83.7, 112.0, 119.9,
122.2, 125.6, 126.2, 126.9, 127.6, 128.4, 135.0, 152.0, 160.8. MS-
FAB: m/z=353 [MH"]. Anal. Calcd for CpoH,oN,04: C, 68.22; H,
5.72; N, 7.95. Found: C, 68.11; H, 5.98; N, 8.26.

1.2.8. 2,3-Bis-(4-methoxy-phenyl)-5,6,7,8-tetrahydro
imidazo[1,2-a]pyridine-6,7,8-triol (5d)

Yellow solid; yield 80%, mp 141-143 °C. IR (KBr) vmax 3342,
3009, 2856, 1604, 1583, 1454cm™'. 'TH NMR (400 MHz, DMSO-
ds): 03.45 (ddd, 1Hv,]6H,7H =8.9 HZ-JSHa,GH =94 HZ-]SHb,GH =3.3 Hz,
6'H), 3.49 (dd, 1H1]5H3,5Hb =12.7 HZv]SHa,GH =94 HZ, S-Ha), 3.71 (S,
6H, OCH?,), 3.88 (dd, 1H, _ISHb.GH =3.3Hgz, ]SHa,SHb =12.7 Hz, S—Hb),
3.91 (dd, 1H, ]7H,8H =94 HZ, JGH,7H =89 HZ, 7—H), 4.80 (d, ]H,
J7usu =9.4Hz, 8-H), 4.96-5.10 (br s, 3H, 3 x OH, exchangeable
with D,0), 6.95-7.51 (m, 8Harom). :>°C NMR (100 MHz, DMSO-dg):
6 39.0, 53.8, 54.6, 68.4, 71.3, 839, 111.5, 112.7, 119.0, 122.6,
126.2, 127.2, 127.9, 128.8, 152.3, 161.2, 161.4. MS-FAB: m/z = 383
[MH*]. Anal. Calcd for C;;H,,;N,0s: C, 66.00; H, 5.80; N, 7.33.
Found: C, 66.28; H, 5.47; N, 6.99.

1.3. (15,2R,35,4S)-1-hydroxymethyl-1,2,3,4-tetrahydro
benzimidazo[1,2-a]pyridine-2,3,4-triol (7) and (2R,3S,4S)-
1,2,3,4-tetrahydrobenzimidazo[1,2-a]pyridine-2,3,4-triol (8):
general procedure

An intimate solvent-free mixture of diamine 6 (1 mmol), aldose
2 (1 mmol), and 10 mol % of oxalic acid was taken in a 20 mL vial
and subjected to MW irradiation in a Chemical Laboratory Micro-
wave Oven (Model: BP-310/50, 230V, 50 Hz power input) at
80 °C for 8-14 min (Table 3). After completion of the reaction as

indicated by TLC, water (10 mL) was added to precipitate the crude
product, which was recrystallized from ethanol to give an analyti-
cally pure sample of 7 and 8 as a yellow solid.

1.3.1. 1-Hydroxymethyl-1,2,3,4-tetrahydrobenzo
[4,5]imidazo[1,2-a]pyridine-2,3,4-triol (7a)

Yellow solid; yield 89%, mp 206-208 °C. IR (KBr) vmax 3343,
3009, 2857, 1603, 1581, 1455 cm™~'. 'H NMR (400 MHz, DMSO-
de): 0=3.58 (dd, 1Hv_’6H,7H =9.2 Hz, _]5H,6H =9.1 Hz, G-H), 3.66 (dd,
1H, J1’Ha,1/Hb=]2~8 HZ, ]1’Ha,5H=3~2 HZ, 1/-Ha), 3.79 (dd, 1H,
Jvtanb = 12.8 Hz, Jyupsu = 6.5 Hz, 1'-Hp), 3.91 (ddd, 1H, JiHasu =
3.2 Hz, J]’Hb,SH =6.5 Hz, JSH,GH =9.1 Hz, S—H), 3.95 (dd, 1H,
J7usn=9.7 Hz, Jeu7u=9.2 Hz, 7-H), 4.85 (d, 1H, J7usu = 9.7 Hz, 8-
H), 4.88-5.04 (br s, 4H, 4 x OH, exchangeable with D,0), 7.21-
7.54 (m, 4H,rom). >C NMR (100 MHz, DMSO-ds): o =50.9, 58.6,
68.7, 70.0, 72.1, 114.7, 114.9, 122.6, 122.9, 132.9, 135.8, 159.4.
MS-FAB: m/z=251 [MH"]. Anal. Calcd for C;,H14N,04: C, 57.62;
H, 5.64; N, 11.20. Found: C, 57.31; H, 5.89; N, 11.49.

1.3.2. 1-Hydroxymethyl-7,8-dimethyl-1,2,3,4-tetrahydro
benzo[4,5]imidazo[1,2-a]pyridine-2,3,4-triol (7b)

Yellow solid; yield 79%, mp 192-194 °C. IR (KBr) vmax 3341,
3008, 2984, 2856, 1602, 1580, 1454 cm . 'H NMR (400 MHz,
DMSO—dG): o 2.26 (S, 6H, CH3), 3.53 (dd, 1H, _]2].[‘3].[:9.3 Hz,
]1H,2H=9-0 Hz, Z-H), 3.69 (dd, 1H, ]1’Ha,1’Hb=12~9 Hz, J1’Ha,1H=
3.3 Hz, ]/-Ha), 3.81 (dd, 1H, _]1’Ha,1’Hb=12~9 Hz, ]1’Hb.1H=6-5 Hz,
1’-Hb), 3.93 (ddd, ]H, ]1/]_[3'1]_[:3.3 HZ, J1’Hb,1H=6-5 HZ, JlH,2H=
9.0Hz, 1-H), 3.99 (dd, 1H, J3pan=9.6 Hz, Jou3u=9.3 Hz, 3-H),
4.86 (d, 1H, Jsy4n=9.6 Hz, 4-H), 4.90-5.12 (br s, 4H, 4 x OH,
exchangeable with D,0), 7.21 (s, 1Harom), 7.29 (S, 1Harom). >C
NMR (100 MHz, DMSO-dg): ¢ 16.8, 17.1, 51.2, 57.7, 67.6, 69.7,
114.9, 115.2, 127.8, 128.0, 130.9, 134.9, 161.8. MS-FAB: m/z =279
[MH*]. Anal. Calcd for C;4H1gN,04: C, 60.45; H, 6.52; N, 10.08.
Found: C, 60.78; H, 6.16; N, 10.43.

1.3.3. 1-Hydroxymethyl-7-methyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[1,2-a]pyridine-2,3,4-triol (7c)

Yellow solid; yield 84%, mp 186-188 °C. IR (KBr) vmax 3341,
3008, 2984, 2856, 1602, 1580, 1454cm~'. '"H NMR (400 MHz,
DMSO-dg): 6=2.25 (s, 3H, CHs), 3.51 (dd, 1H, Jeu7u=9.1Hz,
JSH,6H=9-O Hz, 6—H), 3.71 (dd, 1H, Jl’Ha,l’Hb=12'7 Hz, ]1’Ha,5H=
3.1 HZ, 1’-Ha), 3.85 (dd, ]H, ]1/]—[3'1/“}3:12.7 HZ, ]1’Hb,5H=6~4 HZ,
]/-Hb), 3.92 (dd, 1H, .]7H,8H=9'6 HZ, ]6H,7H=9'] HZ, 7-H), 3.97
(ddd, 1H, Jimasu=3.1Hz, Jiubsu=6.4Hz, Jspen=9.1Hz, 5-H),
4.87 (d, 1H, Joysn=9.6 Hz, 8-H), 4.93-5.14 (br s, 4H, 4 x OH,
exchangeable with D,0), 7.25-7.60 (m, 3Haom). °C NMR
(100 MHz, DMSO-dg): ¢ = 23.0, 50.8, 58.2, 68.1, 69.7, 71.9, 115.0,
115.3, 123.9, 1299, 130.8, 135.8, 162.4. MS-FAB: m/z =265
[MH?]. Anal. Calcd for Cy3H;6N,04: C, 59.12; H, 6.1; N, 10.61.
Found: C, 59.31; H, 6.31; N, 10.97.

1.3.4. 5-Hydroxymethyl-5,6,7,8-tetrahydroimidazo[1,2-
a]pyridine-6,7,8-triol (7d)

Yellow solid; yield 82%, mp 161-163 °C. IR (KBr) vpax 3343,
3009, 2858 cm~!. '"H NMR (400 MHz, DMSO-dg): & 3.28 (dd, 1H,
]7H,8H =9.5 Hz, _,5].['7].[ =9.1 Hz, 7—H), 3.60 (dd, 1H, .,GH.7H =9.1 Hz,
]5H,6H =8.9 HZ, 6-H), 3.72 (dd, 1H, ]1’Ha,1’Hb =12.6 HZ, ]1']-13'5]-[ =
3.2 HZ, ],—Ha), 3.84 (dd, lH, J]’Ha,l’Hb =12.6 HZ, jl’Hb,SH =6.2 HZ,
1’-Hb), 3.98 (ddd, ]H, J]’Ha,SH =3.2 HZ, _]1/]-”3'5]-{ =6.2 HZ, ]5]-['5]-{ =
8.9 Hz, 5-H), 4.87 (d, 1H, J7usn = 9.5 Hz, 8-H), 4.96-5.17 (br s, 4H,
4 x OH, exchangeable with D,0), 6.29 (d, 1H, Joy3n = 1.2 Hz, 2H),
6.40 (d, 1H, Jo3u = 1.2 Hz, 3H). *C NMR (100 MHz, DMSO-dp): 6
48.6, 58.1, 68.1, 68.8, 71.2, 117.0, 121.2, 146.1. MS-FAB: m/z =
201 [MH"]. Anal. Calcd for CgH1,N,04: C, 48.03; H, 6.04; N, 14.0.
Found: C, 47.73; H, 5.92; N, 14.22.
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1.3.5. 1,2,3,4-Tetrahydrobenzo[4,5]imidazo[1,2-a]pyridine-
2,3,4-triol (8a)

Yellow solid; yield 91%, mp 197-199 °C. IR (KBr) vmax 3342,
3006, 2855, 1605, 1579, 1454 cm™'. 'TH NMR (400 MHz, DMSO-
de): 0=3.45 (dd, 1H, ]SHa,SHb =12.7 Hz, jSHa,GH =9.6 Hz, S—Ha), 3.60
(ddd, 1H, ]SHQVGH =9.6 Hz, ]SHb,GH =3.3Hz, ]6H,7H =9.0 Hz, G-H),
3.82 (dd, 1H, _]5Ha,5Hb=12'7 Hz, _’5Hb,6H=3-3 Hz, S—Hb), 3.92 (dd,
1H, J7H,8H =9.4 Hz, ]6H,7H =9.0 Hz, 7-H), 4.81 (d, 1HvJ7H,8H =94Hz,
8-H), 4.91-5.19 (br s, 3H, 3 x OH, exchangeable with D,0),
7.19-7.47 (m, 4Haom). °C NMR (100 MHz, DMSO-dg): & = 46.6,
66.0, 69.7, 72.9, 114.3, 114.6, 122.5, 122.7, 132.1, 1354, 158.8.
MS-FAB: m/z=221 [MH"]. Anal. Calcd for C;;H;,N,03: C, 60.03;
H, 5.49; N, 12.73. Found: C, 60.39; H, 5.28; N, 12.43.

1.3.6. 7,8-Dimethyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-
a]pyridine-2,3,4-triol (8b)

Yellow solid; yield 83%, mp 145-147 °C. IR (KBr) vmax 3340,
3007, 2981, 2853, 1602, 1580, 1454cm~'. '"H NMR (400 MHz,
DMSO—dg): 0 2.24 (S, 6H, CHg), 3.44 (dd, 1H, ]5Ha,5Hb= 12.6 Hz,
_ISHa,GH =95 HZ, 5-Ha), 3.50 (ddd, 1H, JSHa,GH =95 HZ, ]SHb,GH =3.1
Hz, _’6]—[‘7].[ =89 Hz, G-H), 3.81 (dd, 1H, JSHa,SHb =12.6 Hz,
.ISHb.GH =3.1 HZ, S_Hb): 3.96 (dd, 1H, ]7H,8H =94 HZ, .,GH,7H =8.9 HZ,
7-H), 4.83 (d, 1H, J7ugu=9.4Hz, 8-H), 4.98-5.26 (br s, 3H,
3 x OH, exchangeable with D,0), 7.18 (s, 1Harom), 7-27 (S, THarom)-
13C NMR (100 MHz, DMSO-dg): § 16.7, 17.0, 46.1, 65.9, 68.1, 73.7,
114.7, 114.9, 127.3, 127.5, 130.5, 134.2, 161.1. MS-FAB: m/z = 249
[MH*]. Anal. Calcd for Cy3H;gN,05: C, 62.93; H, 6.5; N, 11.29.
Found: C, 62.82; H, 6.70; N, 11.11.

1.3.7. 7-Methyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-
a]pyridine-2,3,4-triol (8c)

Yellow solid; yield 87%, mp 150-152 °C. IR (KBr) vmax 3343,
3007, 2979, 2856, 1604, 1580, 1453 cm~'. '"H NMR (400 MHz,
DMSO-dg): 6 =2.22 (s, 3H, CH3), 3.47 (dd, 1H, Jsyasup = 12.6 Hz,
Jshaen=9.5Hz, 5-H,), 3.58 (ddd, 1H, Jshaen=9.5Hz, Jsupen=
3.2 Hz, _IGH,7H =9.0 Hz, 6—H), 3.86 (dd, 1H, ]5].[3.51."3 =12.6 Hz,
]SHb,GH =3.2 Hz, 5-Hb), 3.97 (dd, 1H, ]7H,8H =9.3 Hz, ]6H,7H =9.0 Hz,
7-H), 4.85 (d, 1H, J7usu=9.3 Hz, 8-H), 4.90-5.21 (br s, 3H,
3 x OH, exchangeable with D,0), 6.91-7.45 (m, 3H.rom). 1>°C NMR
(100 MHz, DMSO-dg): 6 =22.7, 46.8, 66.1, 69.0, 73.9, 114.2, 114.7,
123.8, 129.2, 130.5, 135.3, 161.8. MS-FAB: m/z =235 [MH"]. Anal.
Caled for Cy3Hi4N,05: C, 61.57; H, 6.02; N, 11.97. Found: C,
61.80; H, 6.30; N, 11.82.

1.3.8. 5,6,7,8-Tetrahydro-imidazo[1,2-a]pyridine-6,7,8-triol
(8d)

Yellow solid; yield 90%, mp 137-139 °C. IR (KBr) vmax 3343,
3007, 2979, 2856, 1604, 1580, 1453 cm~'. '"H NMR (400 MHz,
DMSO—CIG): o 3.23 (ddd, 1H, ]SHa,6H=9-4 HZ, JSHb,6H=3~3 HZ,
]5}.['7].[ =9.1 Hz, 6—H), 3.27 (dd, 1H, ]7H,8H =9.2 Hz, ]6H,7H =9.1 Hz,
7-H), 3.49 (dd, 1H, Jspasup = 12.5 Hz, Jsyaen = 9.4 Hz, 5-H,), 3.86
(dd, 1H, JSHa,SHb=]2-5 Hz, JSHb,6H=3-3 Hz, S-Hb), 4.31 (d, 1H,
J7usn =9.2 Hz, 8-H), 4.97-5.20 (br s, 3H, 3 x OH, exchangeable
with D,0), 6.30 (d, 1H, Jowsu=13Hz, 3-H), 640 (d, 1H,
Jonsn = 1.3 Hz, 2-H). 13C NMR (100 MHz, DMSO-dg): & 45.8, 66.2,
68.3, 70.1, 116.3, 120.8, 145.5. MS-FAB: m/z=171 [MH"]. Anal.
Calcd for C;HoN,O03: C, 49.44; H, 5.92; N, 16.47. Found: C, 49.11;
H, 5.62; N, 16.83.
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