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ABSTRACT 

The reaction of l-phenyl-(3,5,6-tri-O-acetyl-l,2-dideoxy-a-~-g1ucofurano)[2,1-d]imidazolidine-2- 
thione (1) with a-bromophenylacetic acid and cyclisation with acetic anhydride-triethylamine of the 
thioglycolic acid intermediate led to the mesoionic derivative 2,5-diphenyl-(3,5,6-tri-0-acetyl-1,2-dideoxy- 
a-D-~UCOfUr~O)[l’,2’:4,5]~a~,4b~-imid~o[2,l-b]thiazolium-3-olat (5). Likewise, 7-(4_ethoxyphenyl)-2- 
phenyl-5-(l,2,3,~tetra-O-acetyl-D-~ra~rabino-tetriol-l-yl)imidazo[2,l-b)]thiazolium-3-olate (9) was obtained 
from 1-(4-ethoxyphenyl)4( 1 ,2,3,4-tetra-O-acetyl-~-ur~~o-tetritol-l-yl)imidazoline-2-thione (6). The 1,3- 
dipolar cycloadditions of 5 and 9 with several acetylenic dipolarophiles gave the corresponding imidazo[l,2- 
uJpyridin4ones. With unsymmetrical dipolarophiles, these reactions were highly regioselective and only 
one regioisomer was isolated. 

INTRODUCTION 

1,3-Dipoiar cycloaddition constitutes a valuable approach to the synthesis of a 
wide variety of heterocyclic systems’. Thus, sugar derivatives have been used as 1,3- 
dipoles”’ or dipolarophiles- to prepare heterocycles joined to carbohydrate frame- 
works. However, the mesoionic heterocycles have received little attention as “masked” 

1,3-dipoles in the carbohydrate field and there appear to be only two reports on the 
cycloaddition of mesoionic heterocycles to unsaturated sugarsg*“. Likewise, there are 
few examples of mesoionic heterocycles fused to carbohydrate moieties”.“, since some 

so-called mesoionic derivatives do not accord with the definition proposed by Ollis et 
al.13. We now report the synthesis of the first examples of imidazo[2,1 -b]thiazolium4- 
olate systems joined to cyclic and acyclic sugar chains (5 and 9). The cycloaddition 
reactions of these compounds open a versatile route to the synthesis of sugar hetero- 
cyclic derivatives and we report also their reactions with acetylenic dipolarophiles. 

* Carbohydrate-derived Mesoionic Compounds, Part I. 
+ To whom correspondence should be addressed. 

000%6215/91/$03.50 @ 1991 - Elsevier Science Publishers B.V. All rights reserved. 
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RESJL’TS AND DISCUSSION 

Of the methods descrkPz6 for the synthesis of 1,3-thiazolium-4-olate systems, 
the cyclodehydration reaction of a thioglycolic acid”” is particularly suited to the 
synthesis of ring-fused systems when a heterocychc thione is readily available. Thus, 
treatment of l-phenyl-(3,5,6-tri-O-acetyl-1,2-dideoxy-~-D-glucofurano)[2, l-djimidazo- 
lidine-2-thione2’ (1) with a-bromophenylacetic acid and triethylamine in benzene gave a 
crystalline mixture of the diastereomeric thioglycolic acid 2 and 3 that could not be 
fractionated. Subsequent ring closure with acetic anhydride-triethylamine gave 5. 
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This cyclisation must occur through the mixed anhydride 4, which undergoes an 
intramolecular N-addition followed by the base-catalysed elimination of acetic acid 

(135). Similarly, 6= gave the acyclic mesoionic nucleoside 9. The intermediate mixture 
of diastereomers 7 and 8 was isolated as a hygroscopic solid that was characterised, as 
for 2 and 3, on the basis of spectroscopic data. The ‘H-n.m.r. spectrum of 2 and 3 
contained only one set of signals for both diastereomers (Tables I and II); in particular, 
the signals of the protons a to the carboxyl groups appeared at 5.46 p.p.m. (s). For 7 and 

8 (Tables III and IV), the analogous protons gave signals at 5.18 (s) and 5.16 p.p.m. (s). 
However, the presence of two diastereomers was confirmed through two sets of signals 
in the ‘3C-n.m.r. spectra (Tables V and VI). The structures assigned to 5 and 9 are also 
supported by analytical and spectroscopic data. Thus, the i.r. bands at 1640 and 1610 
cm-’ were analogous to those observed in related mesoionic systems”, and indicated the 
low degree of double-bond character of the carbonyl group. Similarly, the U.V. spectra 
of 5 and 9 showed strong red shifts to 424 and 363 nm, respectively, from 246 nm for 2 
and 3, and 266 nm for 7 and 8. The ‘3C-n.m.r. spectrum of 5 contained signals at 83.91, 
15 1.68, and 154.98 p.p,m_ that could be assigned to C-2, C-3, and C-5a, respectively. For 
9, the corresponding signals appeared at 84.65, 150.24, and 139.42 p.p.m. The strong 

shielding of C-7a of 9 compared to C-5a in 5 is due to the presence of the 5,6-double 
bond in 9. The resonance of C-6 could be distinguished from those of the aromatic 
carbons by the large ‘Jc,” value (-200 Hz). Finally, the ‘H 6 and J values for 5 and 9 are 
in accord with the respective sugar moieties (Tables I-IV). 

OAc 

OAc 

cwk 

Ph 

6 73 9 

The mesoionic system 5 underwent rapid cycloaddition reactions with various 
acetylenic dipolarophiles (dimethyl acetylenedicarboxylate, diethyl acetylenedicar- 
boxylate, methyl propiolate, and ethyl phenylptopiolate) in refluxing benzene or tolu- 
ene to give the imidazo[l,2-ulpyridin-4-one derivatives 10-13 through the extrusion of 
sulphur from the 1: 1 cycloadducts 14-17 that could not be isolated. In a similar way, the 
imidazo[l,2-u]pyridinAones 18 and 19 were obtained by the reactions of 9 with 
dimethyl acetylenedicarboxylate and methyl propiolate, respectively. The above cy- 
cloaddition reactions were monitored by t.1.c. (the imidazokl,2-u]pyridin-4-ones 10-13, 
18, and 19 fluoresced in U.V. light). 
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TABLE II 

‘H-N.m.r. J values (Hz) for 2,3,5, and 1613 

Compound J I’.z J 3’.t J e-5 J rdp J J’.fb J 
6’d’b 

&3” 5.8 0.0 2.7 9.1 2.2 6.2 12.3 
5” 6.2 0.0 2.7 9.4 2.3 5.0 12.3 

lo” 6.4 0.0 2.6 9.6 1.8 4.6 12.2 
lob 6.5 0.0 2.9 9.2 2.3 5.2 12.4 
11” 6.4 0.0 2.6 9.4 2.1 4.8 12.3 
12” 6.4 0.0 2.9 9.5 2.1 4.8 12.3 
13” 6.4 0.0 2.9 9.6 2.1 4.9 12.3 

’ In CDCl,. ’ In (CD&SO. 

With the unsymmetrical dipolarophiles, only one regioisomer was detected and 

isolated. Two orientations are possible in the products of these reactions, but the 

regioisomers 20-22 were ruled out by the following n.m.r. considerations. The reso- 
nances of the protons of the phenyl groups in 10 and 11, and of the monosubstituted 
phenyl group of 19, were singlets which suggested that the corresponding phenyl groups 

were out of the plane of the pyridone ring, probably due to the steric interactions of the 
ortho protons with the alkoxycarbonyl group. However, for 12 and 19, these resonances 
were multiplets. This fact accords with the presence of an unsubstituted C-2 that allows 

a coplanar disposition of phenyl and pyridone rings. The proximity of the anisotropic 
C= 0 group results in the resonances of the phenyl protons appearing as complex 
multiplets. For 13, the regiochemistry could be assigned because the chemical shift of 

C( = 0)OEt (164.61 p.p.m.) was similar to those of C( =O)OMe of 12 (164.24 p.p.m.) 

and 19 (164.15 p_p.m.). The alkoxycarbonyl groups of 10, 11, and 18 resonated at 166.84 
and 163.66, 166.27 and 163.39, and 167.33 and 163.63 p.p.m., respectively. 

5 R-C=C-R’ 

14 R~R’~COOMe 10 R=R’zCOOMe 
15 Rd’rCOOEt 11 RzR’rCOOEt 
16 R=COOMo, R’rH 12 RrCOOMe, RkH 
17 RoCOOEt, R’oPh 13 RzCOOEt, R’=Ph 

26 R=H, R’rCOOMe 
21 RrPh, R=COOEt 
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TABLE IV 

‘H-N.m.r. Jvalues (Hz) for 7-!l, 18, and 19 (in CDCl,) 

Compound J 1’1 J I.r J 3.4-O J 3.lb J 4klb 

798 4.9 5.2 3.0 6.2 12.3 
5.2 5.1 

9 2.7 8.5 2.7 7.0 12.4 

18 2.3 9.3 2.6 5.3 12.3 

19 2.0 9.3 2.6 5.3 12.5 

18 R=R’rCOOMO 
19 R=CooM@, R’=H 
22 R&l. R’rcoow 

The ‘H and “C chemical shifts of the resonances of the ethyl and methyl groups of 

C( = 0)OR are also significant. The two methyl groups of 10 gave ‘H signals at 3.54 and 

2.96 p.p.m., and 13C signals at 52.28 and 50.95 p.p.m. The resonances of the analogous 
more-shielded methyl group in 18 were shifted downfield to 3.10 (‘H) and 51.36 p.p.m. 

(“C). Comparison of these spectra with those of 12 and 19 revealed the remaining signal 
to be the more shielded (3.13 and 50.80 p.p.m. for 12; 3.28 and 51.19 p.p.m. for 19). The 
same situation applies to 11 and 13. Only one methylene group (the more shielded) of 11 
gave double quartets due to the diastereotopic relationship of its hydrogen atoms, and 
similar signals were observed for 13. The proximity of the alkoxycarbonyl group on C-l 
and the phenyl group on N-6 restricts the rotation of the latter group in 10-13, as shown 
by the broadening of some of the 13C signals due to aromatic carbons. When (CD,),SO 
was used instead CDCl, as the solvent for 10, the chemical shifts of these signals were 
changed, but not the broadening. At 60”, sharp signals for all “C resonances were 
observed. 
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Fig. 1. Frontier orbital interactions in the cycloaddition reactions of 1,3-thiazolium4elate systems with 
propiolates. 

The conformational features of 10-13 were well reproduced by theoretical mo- 

lecular mechanicsz9 calculationsN. The rotation of the C-phenyl ring out of the pyridone 
plane is due to the alkoxycarbonyl group on the neighbouring C-2, and the restrictions 
to the rotation around the Wary1 bond are also due to the alkoxycarbonyl group on C-l. 
The conformation adopted by this latter group explains the marked differences in 

chemical shifts of the resonances of the methylene protons (see Table I). 
Thus, the above 1,3-dipolar cycloadditions occur with high or total regioselec- 

tivity and this can be rational&d by means of frontier molecular orbital (FMO) con- 

siderations. The HOMO(dipole)-LUMO(dipolarophile) interaction is the major one 

for the 1,3-thiazolium+olate and acetylenic systems3’. Thus, the more probable pri- 
mary interactions of 5 and 9 with the propiolates are represented in Fig. 1. The 
corresponding transition states lead to the regioisomers 12, 13, and 19. 

EXPERIMENTAL 

General methods. - Solutions were concentrated in uacuo at ~50”. Melting 
points were determined with a Gallenkamp apparatus and are uncorrected. Optical 
rotations were measured at 20&Y with a Perkin-Elmer 141 polarimeter, i.r. spectra 
(KBr discs) with a Perkin-Elmer 399 spectrophotometer, and U.V. spectra (94% etha- 
nol) with a Pye-Unicam SP8-250 instrument. T.1.c. was conducted on Silica Gel GF,, 
(Merck) with benzene&her (3:2) and detection with U.V. light or iodinevapour. The ‘H- 
(200 MHz) and 13C-n.m.r. (50 MHz) spectra (Tables I-VI) were recorded with a Bruker 
AC 200-E spectrometer. Assignments were confirmed by homo- and hetero-nuclear 
double-resonance experiments, and DEPT. Elemental microanalyses were obtained 
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D-arabino-tetritoZ-l-yl)imiduzo[I,2-a]pyridin-4-one (18). - A suspension of 9 (2.0 g, 
3.2 mmol) in toluene (50 mL) was boiled under reflux with dimethyl acetylenedicarboxy- 
late (0.5 g, 3.2 mmol) for 4 h and the solvent was then evaporated. Column chromatog- 
raphy (benzene-acetouitrile, 10: I) of the residue on silica gel followed by t.1.c. (ether- 
light petroleum, 1O:l) gave 18 (0.2 g, 9%), m.p. 1 l&l 1 l”, [a]n - 36”, [a]578 -4O”, [aIN 

-d’, b&36 -133” (r 0.5, &k&~> 3c_ 362, 383, ati 231 z+xQ &M a4.13, 12.c; XQd 
Xqji v_ 1’ /&V\L”= u^esr’er~an~d Iblsircm <‘(L”= u^d&erocyc$$. l?ke VI?- andVn.m;r; 
cba1a are&eninT a~esX>,‘l’s,, anhUI. 

Anal. Calc. for C,,H,N,O ,4: C, 60.49; H, 5.2 1; N, 3.8 1. Found: C, 60.28; H, 5.20; 
N, 3.72. 

8-(4-Ethoxyphenyl)-I-methoxycarbonyl-3-phenyl-6-(1,2,3,4-tetra-O-~cety~-~- 
r~~;~~~“~~~,2-~,~~~~~~~~~~ - k SLX~ti~T & 9+X&, 3.2 
mmol) in toluene (34 mL) was treated with methyl propiolate (0.3 g, 3.8 mmol), as 
Qescribed Sor la, ‘rogiv e19 (0,0g, 30?@, mp. 9&9TQ (!iTom etier-light petrdeum), > cl& 
-46”, [a]578 -48”, [a]% - 59”, [a]436 - 159” (c 1.8, chloroform); v,,, 1740 and 1700 
(C = 0 ester) and 1650 cm-’ (C = 0 heterocycle). The ‘H- and ‘3C-n.m.r. data are given 
in T&?ks rrr, XV,. and VITZ. &&i&X sjJec~rum: ??+r 6-X {XV >. 

Anal. Calc. for C,,H,,N,O,,: C, 62.12; H, 5.36; N, 4.14. Found: C, 62.10; H, 5.23; 
N, 4sJ7. 
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