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Abstract. A new and regioselective synthesis of 6-oxopyrhnidinium-4-olate systems 
(13-21) is described, involving the 1,3dipolar cycloaddition of the 1,3-thiazolium-4- 
olate 12 with arylisocyanates. MNDO and AM1 calculations rationalise the reactivity and 
regioselectivity experimentally observed. 

Introduction 

Considerable effort has been devoted to the 1.3-dipolar cycloaddition of mesoionic ring systems (1) with 

heterocumulenest*2. Depending on the fragment extruded from the initial 1:l cycloadduct (2), the reaction 

provides new mesoionic heterocycles (3) or six-membered heteroaromatic betaines (4) (Scheme 1). 
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Scheme 1 

Potts et a1.3-5 have described the formation of stable 1:l cycloadducts (6) when isocyanates and 

isothiocyanates were used as heterocumulenes. However, later, Hamaguchi and Naga@ have demonstrated the 
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mesoionic nature (8) of these compounds. These authors have proposed a concerted cycloaddition pathway 
followed by the ring opening of 6 to give 8 via the dipolar intermediate 7 (Scheme 2). 
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Scheme 2 

On the other hand, Potts et al? have described the conversion of the 1,3-selenazolium-4-olate system (9) 
into a six-membered heteroaromatic betaine 11 when the mesoionic heterocycle was refluxed with 
phenylisothiocyanate (Scheme 3). 
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Scheme 3 

This synthetic sequence represents the first conversion of a five-membered mesoionic ring into a six- 

membered heteroaromatic betaine by reaction with heterocumulenes8. 

Although the ease with which selenium was extruded from 10 was proposed7 as cause of formation of 
11, the presence of a substituent in C-5 could be also responsible of this behaviour, preventing a similar 
rearrangement to that showed in the last step of Scheme 2. 

In this paper we have studied the reaction of the related per-substituted 1,3-tbiazolium-4-olate system 

(l2)a with arylisocyanates. In all cases a 6-oxopyrimidinium-4-olate system (13-21) was formed. This type of 
heterocycle was only accessible by reaction of an amidine system with dialkyl malonates or their synthetic 

equivalentslO~r*. Our reaction opens a new route to these betaines. Moreover, with the aim of giving an 
interpretation of the regioselectivity of this reaction, we have performed semiempirical AM1 and MNDO 
molecular orbital studies. 

Results and Discussion 

The starting 1,3-thiazolium-4-olate 12 was prepared from 2-amino-2-deoxy-cL-D-glucopyranose 

hydrochloride in four step@. Its 1,3-dipolar cycloaddition with arylisocyanates were carried out in benzene at 
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reflux for several hours and led in all cases to the cross-conjugated hetemcy& mesomeric beta&s 13-21. The 

altemative conjugated heterocyclic mesomeric betaines 22 were not detected. 

Aa0 
A00 

bh 

12 

not 

22 
13 Ar P &CHsOC~H4 
14 At‘ = 4-CICeti4 
15 At = 4.NO&H4 
16 At= SCHSOC&~ 
17 Art 3-Cl&H4 
18 Ar a SNO&eH4 
19 Al = %CHsOC4H4 
20 Ar e: 2-CIC6H4 
21 Ar = 2-N02CsH4 

Crystalline structure of 13. 

,Schetne 4 

The structure of 13 was confkmed by X-ray ~~s~llo~aphic analysis. A perspective view of the 
molecule in the solid state, showing the relative co~~tion and the atomic nail scheme, is given in 
Figure 1. O-7’ 
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Several bond lengths and bond angles appear in Tables I and II. The mean value C-C in the phenyl 
groups is 1.34(4) A. The imidazoline and 4,6-dioxopyrimidine rings are planar, and the maximun deviations 
from the best planes are 0.02 and 0.06 A, respectively. The C-15, C-9, and C-21 substituents are at 0.31, -0.13, 
and 0.05 A from the respective ring best planes. The three phenyl and three Q-acetyl groups are also planar and 
the maximun deviations am 0.03 and 0.05 A, respectively. The values of C-O, C-C, and C-N bonds in the 4,6- 
dioxopyrimidine and imidazoline rings indicate some electronic delocalization, in agreement with other 
spectroscopic results. In the furanose ring, the C-C distances are in the range 1.50(3)- 1.55(3) A. 

fable 1. Values of bond lengths (A) from X-Ray analysis of 13 

O-3”’ - C3’ 1.46 (2) 
N-5 - C-4 1.40 (2) 
N-5 - C-6a 1.33 (2) 
N-5 - C-5a 1 A5 (2) 
o-2 - c-2 1.24 (2) 
o-4 - c-4 1.26 (2) 
N-l - C-2 1.40 (2) 
N-l - C-9 1.47 (2) 
N-l - C-6a 1.34 (2) 
c-2 - c-3 1.43 (2) 
c-4 - c-3 1.38 (3) 

C-3’ - C-5a 1.50 (2) 
C-3’ - c-4 1.54 (2) 
c-21 - c-3 1.47 (2) 
ma - N-6 1.36 (2) 
C-5a - C-5b 1.54 (2) 
c-5’ - c-4 1.50 (2) 
c-4’ - 0 1.38 (2) 
0 - C-5b 1.40 (2) 
N-6 - C-5b 1.47 (3) 
N-6 - c-15 1.42 (3) 

Table II. Values of bond angles (“) from X-Ray analysis of 13 

C-6a - N-5 - C-5a 
c-4 - N-5 - C-5a 
c-4 - N-5 - Ma 
c-9 - N-l - c-6a 
c-2 - N-l - C-6a 
c-2 - N-l - c-9 
o-2 - C-2 - N-l 
N-l - c-2 - c-3 
o-2 - c-2 - c-3 
N-5 - c-4 - o-4 
o-4 - c-4 - c-3 
N-5 - c-4 - c-3 
O-3”’ - c-3’ - c-4 
O-3”’ - C-3’ - C-5a 
C-5a - C-3’ - C-4 
c-4 - c-3 - c-21 
c-2 - c-3 - c-21 

110.9 (16) 
125.5 (17) 
122.7 (18) 
119.2 (16) 
120.8 (17) 
119.6 (17) 
114.3 (19) 
119.6 (18) 
125.9 ii9j 
113.3 (19) 
127.4 il9j 
119.1 (18) 
107.9 (17) 
107.1 (16) 
100.7 (16) 
123.6 (18) 
118.9 (18) 

c-2 - c-3 - c-4 
N-5 - C-6a - N-l 
N-l - C-6a - N-6 
N-5 - C-6a - N-6 
N-5 - C-5a - C-3 
c-3’ - CSa - C-5b 
N-5 - Cba - C-5b 
C-3’ - C-4’ - C-5 
c-s - c-c - 0 
c-3’ - c-4’ - 0 
c-4’ - 0 - C-5b 
C-6a - N-6 - C-15 
C-6a - N-6 - C-5b 
C-5b - N-6 - C-15 
0 - C-5b - N-6 
C-5a - C-5b - N-6 
C-5a - C-5b -- 0 

117.4 (17) 
119.8 (18) 
128.3 (20) 
111.8 (19) 
109.8 (18) 
103.1 (15) 
104.1 (17) 
117.6 (17) 
109.1 (16) 
105.0 (15) 
106.1 (15) 
130.7 (20) 
109.8 (17) 
117.8 (19) 
110.5 (16) 
103.1 (17) 
107.8 (16) 

In terms of ring-puckering coordinates l*, the amplitude and phase magnitudes are Q=O.38(2) A and 

Y=39(3)0 for the atomic sequence 0-C~-C3C,,-Cs,. The asymmetry parameters13 are AC, (C-4’) = 0.012( 11) 

and AC, (C-5a) = 0.078(8) and AC, (C-5b) = 0.063(g), so that the conformation is an envelope with a pseudo- 

mirror plane through C-4’. The substituents are: 03eVS axial and C,, quasi-equatorial. The angles between planes 

are: pyrimidine-imidazoline, 4O; furanose-imidazoline, 105O; phenyl-imidazoline, 41°; pyrimidine- 

methoxyphenyl, 76O; and pyrimidine-phenyl, 41°. 
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Table III. ‘H-NMR chemical ahlfta (ppm) for l&21* 

Comp H-l 

12 6.56d 

13 5.60d 

14 5.60d 

15 5.71d 

15 5.69d 
5.52d 

17 5.63d 
5.46d 

16 5.72d 
5.47d 

1 Q 5.6ld 

20 5.75d 
5.62d 

21 5.55d 
5.75d 

H-2 

5.67d 

5.04d 

5.02d 

5.09d 

5.09d 
5.00d 

5.06d 
4.93d 

5.12d 
4.95d 

5.07d 

5.2ld 
5.06d 

5.06d 
5.26d 

H-3 

6.17d 

6.16d 

6.14d 

6.17d 

6.19d 
6.14d 

6.16d 
6.lld 

6.20d 
6.13d 

6.25d 

6.20d 
6.24d 

6.26d 
6.19d 

H-4 H-5 

4.17dd 5.32m 

4.3ldd 5.16m 

4.30dd 5.16m 

4.34dd 5.20m 

4.37dd 5.17m 
4.26dd 5.17m 

4.35dd 5.17m 
4.30dd 5.17m 

4.47dd 5.17m 
4.26dd 5.17m 

4.36dd 5.2lm 

4.36dd 5.lOm 
4.44dd 5.10m 

4.6ldd 5.15m 
4.42dd 5.2lm 

H-5 

4.4Qdd 

4.46dd 

4.46dd 

4.46dd 

4.50dd 
4.46dd 

4.5ldd 
4.45dd 

4.53dd 
4.44dd 

4.66dd 

4.44dd 
4.59dd 

4.53dd 
4.52dd 

H-5’ 

4.0Qdd 

4.lldd 

4.11dd 

4.15dd 

4.14dd 
4.12dd 

4.15dd 
4.10dd 

4.09dd 
4.14dd 

4.07dd 

4.06dd 
4.14dd 

4.13dd 
4.24dd 

OAc OMa 

2.179, 1.968, 1.69s 

2.14s, 2.128, 2.023 3.56s 

2.14s. 2.119, 2.019 

2.148, 2.119, 2.019 

2.138, 2.119, 2.029 3.61s 
3.39s 

2.169, 2.13s. 2.09s 
2.019, 2.009 

2.lQs, 2.149, 2.09s 
2.038, 2.009 

2.139, 2.129, 2.03s 3.75s 

2.169, 2.15s, 2.13s 
2.04s 

2.179, 2.138, 2.05s 
2.14s, 2.07s. 2.04s 

Table IV. ‘H-N.m.r. coupling constants (Hz) for 12-21’ 

Comp. 

12 

13 

14 

15 

16 

17 

16 

19 

20 

21 

JI,Z 

6.2 

6.6 

6.6 

6.6 

6.6 
6.6 

6.6 
6.2 

6.6 
6.5 

6.5 

6.4 
6.5 

6.4 
6.6 

J2,3 J3.4 Jk,S 

0.0 2.7 9.4 

0.0 2.7 9.5 

0.0 2.6 9.5 

0.0 2.6 9.4 

0.0 2.7 9.9 
0.0 2.6 9.6 

0.0 2.7 9.6 
0.0 2.6 10.1 

0.0 2.7 9.4 
0.0 2.5 9.2 

0.0 2.6 9.7 

0.0 2.4 9.5 4.6 12.3 
0.0 2.3 2.1 4.4 12.3 

0.0 2.5 9.7 2.7 3.3 12.3 
0.0 2.6 9.2 2.9 4.5 12.4 

4.6 J&6 J6,6 

2.3 5.0 12.3 

2.2 4.4 12.2 

2.4 4.7 12.4 

2.1 4.4 12.3 

2.6 3.4 12.4 
1.4 4.6 12.4 

2.0 4.1 13.0 
2.1 4.6 12.6 

3.7 12.3 
3.9 12.4 

2.6 4.7 12.0 

%onditions describedin Table III 
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Table V. %-NMR chemical shifts (ppm) for 13-21 

Comp C-l' C-2' C-3' C-4' C-5' C-6' 

13 94.55 66.47 72.46 76.36 64.25 62.92 

14 94.60 66.45 72.36 76.73 64.22 62.79 

15 94.71 66.55 72.36 77.00 64.45 62.76 

16 94.74 66.42 72.47 76.57 64.16 62.66 
94.55 62.79 

17 94.61 66.40 72.35 76.66 64.25 60.15 
76.51 

18 94.79 66.53 

94.64 66.53 

19 94.31 66.50 

20 94.47 66.51 

21 94.43 66.75 72.65 76.67 64.54 62.40 

72.50 76.85 64.59 62.64 

72.46 76.85 64.42 62.91 

72.70 77.00 64.27 62.86 

72.47 77.00 64.32 62.88 

72.60 76.90 64.45 62.75 

Acetate 

C-2,4 C-3 C-6a CL0 CH:, 

159.66 89.83 149.15 170.25 20.66 
159.52 169.70 20.59 

166.41 

159.21 89.67 148.88 170.22 20.62 
156.92 169.61 20.54 

162.44 

158.75 89.72 148.71 170.38 20.76 
156.66 169.65 20.69 

166.56 20.62 

159.39 89.83 148.86 170.34 20.64 
159.34 89.78 148.79 170.20 20.57 
159.18 169.67 20.53 

168.36 

159.02 89.67 148.65 170.28 20.68 
156.82 89.56 148.60 170.19 20.51 
156.75 169.60 20.50 

168.67 
168.31 

158.86 89.84 148.68 170.62 20.72 
156.78 169.73 20.70 

166.36 20.59 
158.73 89.74 140.70 170.34 
156.84 169.64 

168.36 

159.16 89.77 140.03 170.26 20.69 
156.98 169.70 20.58 

168.33 

158.40 89.61 148.36 170.27 20.75 
156.87 169.67 20.72 

168.57 20.65 
158.53 89.73 148.72 170.40 20.55 
156.65 169.82 

166.25 

158.66 90.04 148.75 170.83 20.83 
156.98 170.01 20.69 

168.32 20.61 
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Crystal packing is mainly due to van der Waals contacts, and there is also a weak intermolecular H-bond, 

C,, *.. 9 (x-1,y.z) = 3.11(3) A; q,-H***Q = 139(1)O. 

Spectroscopic data. 

The ‘H-n.m.r. spectroscopic data for 13-21 are given in Tables III and IV. The most characteristic 

signals are due to the sugar moiety and are analogous to that of similar furanoid bicyclic sugarss~14~15. It is 

remarkable that the presence of the pyrimidine ring induces important differences in the chemical shifts of the H-l 

and H-2 proton signals, respect to that of 12. Thus, H-l protons of 13-21 undergo strong upfield shifts (-1.0 

p.p.m.) due to the shielding produced by the N-phenyl group, that is rotated out of the pyrimidine plane. 
Likewise, H-2 is shifted upfield in 13-21 (-0.6 p.p.m.). respect to H-2 of 12. In this case, the high negative 
charge density of the neighbouring oxygen could be responsible of this effect. 

13C-n.mr. spectroscopic data (Table V) are in accord with assigned structures. Both, ‘H- and 13C-n.m.r. 

spectra of 16-21 showed two set of signals due to the presence of atropisomers arising from the restricted 
rotation around the Nary1 bond. Dynamic n.m.r. investigation at variable temperature allowed to determine the 

corresponding free energies of activation (AC?) at the coalescence temperature, T,. For the exchange between 

two equally populated sites, AGf was approximately calculated for 16- 18 (Table VI) using the equation (l)‘? 

AG+= R T, In [( k, T, 2l’* ) / ( x h Av )] (1) 

when R, k,, and h denote the gas, Boltzmann and Planck’s constants, respectively, whereas Av represents the 

frequency difference between the exchanging sites. 
The atropisometic ratio remains unchanged when the probe was cooled to room temperature from the 

coalescence temperature (see Table VI). This results are in accordance with the calculated AC? for 16-18 

because it is well known that a barrier to rotation of -96 KJ.mol-t is required for stable rotamers at 20°C. 

Table VI 

Comp. 

16 343 16.2 74.2 1.0!9 

17 343 14.5 74.5 1.34 

16 353 26.5 75.0 1.45 

aoK. bH~, ’ KJ.mol”, d Calculated at 25’C from H-l signal integration, ‘This 
value is identical to measured from OCHJsignal integration. 

For 19-21, the initial proportion of both atropisomers was changing with the increasing of temperature 

to reach a constant relationship (1.7, 1.1, and 1.5, respectively) which remained unchanged after heating at 

18oOC for 3 h. In these cases. the coalescence temperature was not reached below 2000. These high rotation 

barriers (>98 KJ.mol-l) would imply the existence of stable rotamers at room temperature. Thus, in the case of 

2 1 the major atropisomer could be isolated from the mixture by fractionated crystallisation. 
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The mass spectra are in accord with 

ketene and sugar fragments are observed”. 
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the proposed structures. In all cases typical losses of acetic acid, 

Regioselectivity. Theoretical calculations. 
The formation of 13-21 must be occur from the initial 1:l cycloadduct 23 by elimination of sulphur 

under the reaction conditions. Although 23 could rot be isolated or detected, a structurally related compound, the 

1:l cycloaduct 24, has been obtained as the major product in the reaction of 12 with diethyl azodicarboxylatel*. 
The alternative regioisomeric betaine 22 might be formed through an analogous fragmentation of the 

corresponding sulfur-containing intermediate 25. 

“q:)+ :::q:O+ ::q:Olc_Ph 

o==jjN_Ar o==$---N_cooEt o=f+o 

0 coon Ar 

23 24 25 

Theoretical calculations by several methods have been applied to the study of the reaction of 1,3- 

-thiazolium-4-olate systems with olefiiic and acetylenic dipolarophiles t9, but to our knowledge, a theoretical 

approximation to the reactivity of this mesoionic heterocycle with heterocumulenes have not been previously 
described. Due to the big size of our molecules we have simplified the calculation taking as model the 
hypothetical reaction showed in the Scheme 5. 

Ph 

NH, 

H, N A 
0 
+ s 

X + 
-6 .Ph 

26 

PhN=C=O 

27 

0 

26 

,Ph 

0 +I+ 0 

H’ 
N + N, Y Ph 

NH, 
30 

Ph 

Ph 

Scheme 5 
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LP. = 9.04 e.V. 

Mf = 70.29 Kl.mol“ 

0 AH=f= 111.6KI.mcd-, o LP. = 9.47 e.V. 
0 -0.27~ 

I.P. = 9.58 e.V. 

0 AH’( = 86.58 KJ.mo-’ o LP. = 8.12 e.V. 
G.0348 

Ph AHO, = 176.7 KJ.mol-’ 
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m\N-c-o 
o.a10 0.334 0.11 

I.P. = 9.23 cv. 

AH=, - 87.96 KJ.mol-’ 

AEPf = 230.71 KJ.mol-’ O LP. = 9.30 C.V. 
0.0.2n 

LP. = 9.10 e.V. 
ph 

0 
AH-,= 16fi.87 IU.mol” ’ LP. = 

Fll m m 
AH’,= 217.17 KLmol” I.P. = 7.26 e.V. 

Fpeure 3. Geometrical pamm&m. formal charge diattibutions. heats of formation. and ionization potentials for 26-N calculafed fmm AM1 method 
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Figures 2 and 3 contain the more important geometrical parameters (bond lengths and bond angles), 

formal charge distributions, heats of formation (AHOY) and ionization potentials for 26-31 for MND@O and 

AM121, respectively. The dipolar nature of 26. 30, and 3 1 is well reproduced for both, charge distributions 
(positive partial charges on the heterocycle and negative ones on the exocyclic oxygen atoms), and geometrical 
data (flattened ring). The presence of sulphur in 28 and 29 leads to the ring bending with C-S-C angles of 81- 

840 that supposes a lower ring strain. 

Phenyl groups are not in the same plane of the betaines (deviations of -65’ for 30 and -800 for 31 have 
been found) due to the steric interactions between all substituents. This fact diminishes the electronic 
delocalization and increases the total energy of system. 

A relative comparison of the heats of formation of 26-31 is showed in Table VII for MNDO and AM1 
calculations, respectively. 

Table VII. Relative stabllltles of 28-31 WSpSCt 
to 26 + 27 

Comp. A(AHf)a'b 

MNDO AM1 

28 -63.77 -24.83 
29 -44.37 -34.54 
30 -88.79 -106.67 
31 +1.33 -58.37 

Values from MNDO calculations are indicative of the greater thermodynamic stability of 28 and 30 

respect to 29 and 31. The energy difference between 30 and 31 is 90.5 KJ.mol-l, whereas 28 and 29 are only 

separated by 19.5 KJ.mol-l. If the slow step of the reaction involves the formation of the sulphur-containing 1:l 

cycloadduct, as it has been postulated for related processes lv19 the energy difference between 28 and 29 would 
affect to the stability of the corresponding transition states. Thus, 28 would be thermodynamically and, 
probably, kinetically favoured over29, in accordance with our experimental results. 

However, data from the AM1 calculations conclude that, although 30 would be again the more stable 
betaine, the formation of the intermediate 1:l cycloadduct 28 is slightly less favoured than that of 29 (9.7 1 

KJ.mol-1). This result could be indicative of a thermodynamic control for the overall reaction. However, it is well 
known that AM1 methods also claim to account possible interactions for hydrogen bonding. Intramolecular 

hydrogen bond formation requires2* that the functional groups approach each other at least about 3.4 A. The 
N-H----O distance is 2.34 A (2.56 A from MNDO) for 31 and 2.55 A (2.99 A from MNDO) for 29. This fact 
must lead to a stabilization of 29 and 31 respect to 28 and 30, only ascribable to the used method. On the other 
hand, the energy difference between 28 and 29 is in the same order that the average error of the method In 
addition, the high experimental regioselectivity would be in according with which 28 is both, the kinetically and 
thermodynamically controlled product. 

The second-order PM0 theory has been previously applied to the study of the reactivity and regio- 

selectivity observed in similar reactions 19.23. Under the consideration that Coulombic forces can be neglected, 
the interaction energy between FMO’s of this mesoionic system and those of the arylisocyanate, that lead to 28, 

can be calculated from the equation (2)z4 where Cwo, CXu, CsHo, and CsLu refers to the 2p, atomic orbital’s 
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coeficients on the 2 and 5 carbon atoms of the mesoionic ring in the higher occupied (HO) and lower unoccupied 
(LU) molecular orbitals. 

AE = c2t-10CNLU + %iO%LU + c2LU c,,+ cf,l_lJ c,, EMHO - ECUJ EDHO - EMU 1 P2 (2) 
Analogously, b Cw, C,, and C,, are the corresponding coeficients on the N and C atoms of 

the dipolarophile in the HOMO and LUMO. 

Terms ho- ED& and (Em- Et& are the energy differences of the interacting pairs of occupied and 

unoccupied MOs of mesoionic heterocycle (M) and dipolamphile (D). The term h is the resonance integral that 
converts the efficiency of overlap into energy units. 

The frontier orbital energy levels and their atomic orbital coeficients for 26 and 27 am represented in 
Table VIII. 

Table VIII. Coeficients and Energy of HO and LU Molecular Orbltals from AM1 
and MNDO Calculations 

Comp MO Energy Cl CZ Cs C4 Cs CN Cc 

MNDO ;; :;f; 0.18 0.27 -0.11 -0.17 -0.65 
0.37 -0.72 0.39 0.03 -0.26 

26 

AM1 p; -7.32 -0.16 -0.20 0.03 0.21 0.60 
-0.66 -0.30 0.74 -0.39 -0.06 0.21 

MNDO r; :;:;: -0.23 -0.05 
-0.05 0.33 

27 

AM1 ;; -9.25 0.33 0.22 
-0.22 -0.10 0.40 

E (e.V. 

-7.66 
\ 
. \ . 

‘- 
26 -9.41 

27 

HO 

\ 
. 
. 
-HO 

26 -9.25 

27 

MNDO AM1 

E (e.V.) 

Figure 4. Energy diagram of FMOs for 26 and 27 from MNDO and AM1 calculations. 
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As shows the Figure 4, EmO- EW is smaller than Em- Em” for both calculation methods, For that, 

we can consider preponderant the HOMO (dipole)-LUMO (dipolarophile) interaction. However, the energy 
difference is too much short to neglect the second term of equation (2). 

Similarly, for the regioisomer 29 the equation (3) must be considered: 

AC= &O %LU f %I40 CNLU c 2LU %30 + c 5LU %JHo 

EMHO - EDLU 
+ 

EDHO - EMLU 1 P2 (3) 

The two interactions corresponding to both terms of eq. (2) and (3) am represented in the Figures 5 and 

6, respectively, taking as reference the AM1 parameters. 

Ph 

a b 

Figure 5 

a b 

Figure 6 

The FM0 model23 states that the (large x large) + (small x small) orbital coefficient interaction is better 

than the (large x smali) + (small x large) one, which lead to the large sum of AE and dictates the orientation. 
Thus, the approach in parallel planes of 26 and 27 which furnishes the regioisomer 28 faces the higher 
coefficient sites in both HOMO (dipole) - LUMO (dipolarophile) (Figure Sa), and HOMO @ipolarophiIe) - 
LUMO (dipole) interactions (Figure 5b). The approach leading to the regioisomer 29 is otherwise less favoured 
(Figure 6). 
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Experimental 

The IH- (200 MHz) and 13C-NMR (50 MHz) spectra were recorded with a Bruker AC 200-E spectrometer. 
Assignments were confirmed by homo- and heteronuclear double-resonance experiments, and DEPT. Optical 
rotations were measured at 20&5* with a Perkin-Elmer 141 polarimeter. IR spectra (KBr discs) were recorded in 
the range 4000600 cm-l using a Perkin-Elmer 399 spectrophotometer and UV spectra (96% ethanol) with a Pye- 
Unicam SP8-250 instrument. EI mass spectra (35 and 70 eV) were obtained with a Kratos MS-80RFA mass 
spectrometer. 

TLC was conducted on silica gel GF,,, (Merck) with benzene-acetonitrile (3: 1) and detection with UV light 
or iodine vapour. Melting points were determined on a Gallenkamp apparatus and are uncorrected. Microanalyses 
were carried out with a Perkin-Elmer 240C analyser. 
Crystal data of 13 

A systematic search in reciprocal space using a CAD4 Enraf-Nonius automatic diffractometer showed that 
crystals belong to the orthorhombic system. 

The unit-cell dimensions and their standard deviations were obtained and refmed at room temperature were 
with Moka radiation (x=0.7107) by using 25 carefully selected reflections. Final results: C,,H33N30,,, 

mol.wt.=657.67, a=7.756(6), b=18.719(2), c=23.584(3)& V=3467As, Z=4, d,,,=1.26 gcm3, t&.87 cm-r, 
F(OO0)=1384, space group=p2,2r2,. 

A single crystal of 0.25x0.18x0.12 mm3 was used and glued at the end of a glass wire mounted on a 
goniometer head. All quantitative data were obtained at room temperature on the same diffactometer using 
graphite monochromated radiation. The vertical and horizontal apertures in front of the counter were adjusted so 
as to minimize the background counts without loss of net peak intensity. The 020 scan technique was used. 
4071 reflections were recorded (2°cf3<280). The resulting data was transferred to a VAX computer and for all 
subsequent calculations the X Ray System’5 was used. 

Two standard reflections measured every hour during the complete data collection period showed only 
statistical fluctuations. 

The collected data were converted into intensities and corrected for Lorentz and polarization factors. An 
unique data set of 988 reflections having 1>20(1) was used to determine and refined the structure. 

The structure was solved by direct methods using the MULTAN80 pr~grarr?~. After refinement of the heavy 
atoms, a difference-Fourier map revealed maxima of residuals electronic density close to the positions expected 
for the H atoms, they were introduced in the structure factor calculations, by their computed coordinates (C- 
H=l.OOA) and isotropic temperature factors as the atoms to which they are bonded, but not refined. Full-matrix 
least squares refinement was based on F (structure amplitudes) to minimize the function ~w(lFol-IF&* with 

w=l/cr*(Fo). The refinement led to a final convergence with R=O.09. All parameters shifts during the final cycle 
of refinement were 4.57; the residual electron density in the difference map revealed no significant maxima. 
Atomic scattering factors were taken from International Tables for X-Ray Crystallograph~7. 
Semiempirical calculations 

Theoretical calculations were performed with the MND@O and AMl*l methods from the MOPAC programs 
system** on a CONVEX 210 computer. In all cases the geometries were calculated by minimizing the total 
energy with respect to ufl geometric variables. Special atention has been devoted to both methods in two 
exhaustive reviews*9 and a handbook30 that have been recently published. 
1-(4-Methoxyphenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-O-acetyl-l’,2’-dideoxy-~-D-gluco- 
furano)[1’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin-5-ylium-2-olate (13). To a stirred solution 
of 12 (3.0 g, 5.7 mmol) in dichloromethane (60 ml) was added 4-methoxyphenylisocyanate (0.75 ml, 5.7 
mmol). The mixture was kept for 24 h at room temperature and concentrated to give an oily residue that 
crystallised from ethanol (0.9 g, 38%). mp 280-281°C, [a], +40°, [~x]s~~ +41.5O, [a]s4a +49“, [c$36 +96’, 

(c 0.5, chloroform), h,,, 274 nm (E,,,~ 42.3). m/z 655 (M+), 553, 451, 331, 210, 149, 60, and 44. Anal. 
found: C, 63.89; H, 5.07; N, 6.33. Calcd. for C3,H3sN,010: C, 64.12; H, 5.07; N, 6.41. 

l-(4-Chlurophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-O-acetyl-l’,2’-dideoxy-~-D-glucu- 
furano)[1’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin-5-ylium-2-olate (14). To a suspension of 
12 (1.0 g, 1.9 mmol) in benzene (20 ml) was added 4-chlorophenylisocyanate (0.25 ml, 1.9 mmol). The 
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mixture was refluxed for 6 h, cooled to mom temperature and chromatographed (benzene-acetonitrile 3:l) to give 
14 (0.83 g, 65%), mp 171-173T (ethanol-water), [al, +46O, [aI578 +48O, [aI546 +W, [c&~ +lOOo, (~0.7, 

chloroform), h,,, 274 nm &,, 12.6). m/z 659 (M+), 557, 515, 406, 227. 153, 119, 90, 60, and 43. Anal. 
found: C, 61.72; H, 4.45; N, 6.09. Calcd. for C,,HJoN,C&C1: C, 61.87; H, 4.58; N, 6.37. 

1-(4-Nitrophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-l’,2’-dideoxy-~-D-gluco- 
furano)[l’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin-5-ylium-2-olate (15). A suspension of 12 
(1.0 g, 1.9 mmol) in benzene (20 ml) was treated with 4-nitrophenylisocyanate (0.31 g, 1.9 mmol). The mixture 
was refluxed for 27 h and processed as described for 14 to give 15 (0.45 g, 36%), mp 186-187T (ethanol- 
water), [a],, +49O, [a],,, +53O, [cc],,, +62O, (c 0.4, chloroform), h,, 276 nm (E,,,~ 17.9). Anal. found: C, 
60.70; H, 4.52; N, 8.30. Calcd. for C34H30N4011: C, 60.89; H, 4.51; N, 8.35. 

1-(3-Methoxyphenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-l’,2’-dideoxy-a-D-gluco- 
furano)[1’,2’:4,51-5aH,5bH-imidazo[1,2-a]pyrimidin-5-ylium-2-olate (16). A suspension of 12 
(3.0 g, 5.7 mmol) in benzene (60 ml) was treated with 3-methoxyphenylisocyanate (0.75 ml, 5.7 mmol). The 
mixture was refluxed for 22 h and cooled to room temperature to give 16 (2.49 g, 68%), mp 288-289T 
(ethanol), [aID +2P, 1~11~~~ +2@, [al546 +28”, [al436 +54O, (c 0.9, chloroform), h,,, 276 nm (hM 9.0). 
Anal. found: C, 63.35; H, 5.06; N, 6.28. Calcd. for C,,H,,N,O,,,: C, 64.12; H, 5.07; N, 6.41. 

1-(3-Chlorophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-1’,2’-dideoxy-~-D-gluco- 
furano)[1’,2’:4,51-5aH,5bH-imidazo[1,2-a]pyrimidin-5-ylium-2-olate (17). The same procedure 
described above gave 17 (83%) from 3-chlorophenylisocyanate, mp 281-282T (ethanol), [cc], +16.5O, [a],,, 

+18O, [a],,, +20”, [al436 +36O, (c 1.0, chloroform), h,,, 274 nm (E,,,~ 14.3). Anal. found: C, 62.03; H, 
4.70; N, 6.31. Calcd. for C34H30N30&1: C, 61.87; H, 4.58; N, 6.37. 

1-(3-Nitrophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-l’,2’-dideoxy-a-D-gluco- 
furano)[1’,2’:4,51-5aH,5bH-imidazo[1,2-a]pyrimidin-5-ylium-2-olate (18). Compound 12 (1.0 
g, 1.9 mmol) with 3-nitrophenylisocyanate (0.24 ml, 1.9 mmol) as described for 16. The solvent was 
evaporated to give an oily residue which crystallised from ethanol (0.81 g, 65%), mp 262-263W, [a], +l”, 

[cx],,, +1°, [al,,, -0.5O, [aldj6 -28O, (c 0.8, chloroform), h,,, 274 nm (E,,,~ 23.8). Anal. found: C, 60.86; 
H, 4.53; N, 8.40. Calcd. for C34H30N4011: C, 60.89; H, 4.51; N, 8.35. 

1-(2-Methoxyphenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-l’,2’-dideoxy-~-D-gluco- 
furano)[l’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin--5-ylium-2-olate (19). A suspension of 12 
(1.0 g, 1.9 mrnol) in benzene (20 ml) was treated with 2-methoxyphenylisocyanate (0.23 ml, 1.9 mmol). The 
mixture was refluxed for 42 h and cooled to room temperature to give 19 (0.34 g, 28%), mp 296-297T, [a], 

-46”. [a] 57s -400V [a1546 -470p [al436 -90°, (c 0.7, chloroform), h max 277 nm (E,,,M 16.8), m/z 655 (M+), 553, 
525, 210, 60, and 44. Anal. found: C, 64.08; H, 5.19; N, 656. Calcd. for C35H33N3010: C, 64.12; H, 5.07; 
N, 6.41. 
1-(2-Chlorophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-1’,2’-dideoxy-~-D-gluco- 
furano)[1’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin-5-ylium-2-olate (20). Following the same 
procedure described for 19, compound 20 (46%) was obtained from 2-chlorophenylisocyanate after 3 h of 
reflux, mp 225-226‘T (ethanol). [aID +26“, [a15,s +28O, [a],4, +32O, [a],,, +60°, (c 0.8, chloroform), h,,, 

274 nm (E,,,~ 15.4). m/z 670 @4+). 406, 222, 194, 60, and 43. Anal. found: C, 62.02; H, 4.70; N, 6.30. 
Calcd. for C34H3,,N30$1: C, 61.87; H, 4.58; N, 6.37. 

1-(2-Nitrophenyl)-3,6-diphenyl-4-oxo-(3’,5’,6’-tri-~-acetyl-l’,2’-dideoxy-~-D-gluco- 
furano)[l’,2’:4,5]-5aH,5bH-imidazo[l,2-a]pyrimidin-5-yiium-2-olate (21). Following the same 
procedure described for 19, compound 2 1 (64%) was obtained from 2-nitrophenylisocyanate after 6 h of reflux, 
mp 260-261T (ethanol), [al, -51°, [c115,s -52O. [a]546 -66.5O, (c 0.9, chloroform), h,,, 273 nm (E,,,~ 19.4). 
Anal. found: C, 60.61; H, 4.62; N, 8.13. Calcd. for C,,H,oN,O,,: C, 60.89; H, 4.51; N, 8.35. 
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