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ABSTRACT 

New pyrazoline acyclonucleosides have been prepared by 1,3-dipolar cycloaddition reactions of 
diazoalkanes to derivatives of n-yulucto-act-2-enonate and D-ga/ncfo-nOn-3-enUlOSe. The reactions were 
highly regio- and stereo-selective, and single isomers were obtained in good yields. A tautomeric equilibrium 
between the I- and 2-pyrazoline structures was observed for some of the isomers in solution. 

INTRODUCTION 

We have described the preparation of 3-nitro-4-(penta-O-acetyl-D-galacto-penti- 
tol- 1 -yl)pyrazolines’ and 3-nitro-4-(penta-O-acetyl-D-rrranno-pentitol-1 -yl)pyrazolines’ 
by the reaction of derivatives of sugar nitro-olefins with diazoalkanes. The presence of 
the sugar chain attached to one of the olefinic carbons resulted in one stereoisomer being 
obtained in each reaction. 

We now report an extension of this reaction to r&unsaturated carbonyl sugar 
derivatives to give 4-(penta-O-acetyl-D-galacto-pentitol- 1 -yl)pyrazolines having a car- 
bony1 substituent attached to C-3 of the heterocycle. These new acyclonucleosides are 
analogues of compounds which have received attention as antiviral drugs3.4. 

RESULTS AND DISCUSSION 

Wittig condensation of L&3,4,5,6-penta-O-acetyl-al&+&-D-galactose with an 
excess of the appropriate phosphorane (see Experimental) in boiling benzene’ gave the 
olefins 1-3 in good yields. The formation of one geometric isomer in each reaction was 
apparent from the n.m.r. spectra. The large vinyl couplings for 2 (.72,3 15,6 Hz) and 3 (J3,., 
16.1 Hz) and the allylic coupling (JMc.i 1.5 Hz) for 1 were indicative of Econfiguration8. 
Compound 1 also had a J3,4 value of 8.6 Hz, in agreement with an anti disposition of 
H-3,4. Hence, the favored conformation (18) in solution had H-4 eclipsed with the 
ethylenic bond and no 1,3-parallel interactions of the acetoxyl groups. This conforma- 
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tion is similar to that (19) observed for the (t-J)-4.5,6.7,X-penta-(acet~l- I .I?..<-tr&oxy- 
3-C.-nitro-1,-yc,/Lrc.fo-C)Ct-‘)-Cllit~~l’. The olefins 2 and 3 hai \,c~lues (.i;, 4 5. .I,,. 4.1 HY. 
respectively) for the corresponding couplings that indicated the prescncc ot‘ gtr~rt,i~a 
forms in the conformational equilibrium 
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indicative of an anti disposition of H-4,5 and the 4E conformation. This structure has 
been confirmed for 20 by X-ray diffractionX. As for 4, 5 must have the 3R,4R config- 
uration. The JJsa and J4,5h values (9.5 and 8.3 Hz, respectively) are correlated with 
dihedral angles of -7.5’ and - 147”, deduced by using the Altona equation’ and in 
agreement with a slightly flattened 4E conformation. 

The addition of diazoethane to the olefins 2 and 3 in 1,4-dioxane also gave 
crystalline products, in high yields, that had the 2-pyrazoline structures 6B and 9B, 
respectively, as demonstrated by the n.m.r. data. Thus, the respective ‘H-n.m.r. spectra 
contained signals (bs) for NH at 6 5.40 and 6.30, and for Me-5 (d, JMc,s 6.4 Hz) at 6 I .03, 
which eliminated the tautomeric structures 6C and 9C. The 1 -pyrazoline structures 6A 
and 9A were also discarded because of the nature of the H-4 signals at 6 3.07 (6B, dd, J4,5 
2.7, f4,,. 9.3 Hz) and 3.14 (9B, dd, J3,5 3.2, J4,,. 9.4 Hz). The structures 6A and 9A were also 
discarded because the “C-n.m.r. spectra contained signals for disubstituted olefinic 
carbons at 6 138.6 and 146.6, as shown by DEPT experiments. The resonances for C-4,.5 
appeared at 6 50.8 and 60.2 for 6B and at 6 49.3 and 59.9 for 9B. On the assumption that, 
as for the products obtained from the olehn 1, the l-pyrazolines 6A and 9A were the 
initial products of the reaction, which then tautomerised into the 2-pyrazolines 6B and 
9B, they must have the 4R,5R configuration. The J4,5 values (2.7 and 3.2 Hz, respec- 
tively, for 6B and 9B) are indicative of a gauche disposition of H-4,5 in agreement with 
the assigned configuration in the 5E conformation. 

The reaction of the olefins 2 and 3 with diazomethane took place readily in 
1,4-dioxane at 0”, to give crystalline 7 and 10 in high yields. The n.m.r. spectra of 7 
revealed the three tautomeric forms 7A-C. Thus, in the ‘H-n.m.r. spectrum, a low field 
signal at 6 6.76 (dd, J2,, 1.9 Hz), attributable only to the olefinic proton of 7C, was 
observed. This structure was confirmed by the “C-n.m.r. spectrum which contained a 
signal for a monosubstituted olefinic carbon at 6 140.8 (DEPT experiments). The 
presence of the tautomer 7B was demonstrated by the signal of C-3, as a disubstituted 
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A solution of penta-0-acetyl-aldehydo-D-galactose (1.50 g, 3.84 mmol) in benzene (12 
mL) and methoxycarbonylmethylenetriphenylphosphorane (1.50 g, 4.52 mmol) was 
heated under reflux for 4 h, then worked-up as for 1, to give 2 (1.47 g, 86%) m.p. 
129-131”, [a], f9” (c 0.5, dichloromethane); vmaX 1750 (C=O), 1668 cm-’ (C=C). 
‘H-N.m.r. data: b 6.73 (dd, 1 H, J7,3 15.6, J3,4 4.5 Hz, H-3), 5.89 (dd, 1 H, H-2), 5.58 (dd, 1 
H, H-4). 

Anal. Calc. for C,,H2,0,1: C, 51.12; H, 5.87. Found: C, 51.32; H, 5.91. 
lE)-5,6,7,8,9-penta-O-acetyl-l,3,4-trideo~uy-D-galacto-non-3-enulose (3). - The 

procedure described for 1 was used with acetylmethylenetriphenylphosphorane (2 h 
under reflux). Work-up and crystallisation of the product from 2-propanol gave 3 
(70%) m.p. 14G142”; lit.” m.p. 142-143”. ‘H-N.m.r. data: 6 6.57 (dd, 1 H, Jj,4 16.1, J4,5 
4.1 Hz, H-4), 6.05 (dd, I H, H-3). 

(3R,4R,5R)-3-Ethoxycarhonyl-3,5-dimethyl-4-(penta-O-ace?yl-D-galacto-penti- 
tol-l-yl)-I-pyruzoline (4). ~ To a solution of 1 (500 mg, 1.05 mmol) in 1,4-dioxane (5 
mL) at 0” was added dropwise a solution of diazoethane (134 mg, 2.41 mmol) in ether (5 
mL). The mixture was stored for 48 h at O“, then concentrated, and the residue was 
recrystallised from ethanol to give 4 (540 mg. - lOO%), m.p. 88-90”, [a], +8” (c 0.5, 
dichloromethane), R, 0.40 (ether-hexane, 3: 1); v,,, 1700 cm-’ (C = 0). ‘H-N.m.r. data: 
6 5.28 (dd, 1 H, J,.,, 10.2 Hz, H-l’), 4.25 (m, 1 H, H-5), 2.21 (dd, 1 H, J4.j 8.6 Hz, H-4). 

Anal. Calc. for C?3H34N20,2: C, 52.07; H, 6.46; N. 5.28. Found: C, 51.89; H, 6.50; 
N, 5.13. 

13R,4R~-3-Etlzoxycarbonyl-3-methyl-4-(pent~~-O-acetyl-D-galacto-pentitol- 
I-yl)-I-pyrazoline (5). -The procedure used in the preparation of4 was followed, using 
1 (500 mg, 1.05 mmol) and diazomethane (493 mg, 3.15 mmol), to give 5 (543 mg, 
- 100%) m.p. 78-80” (from ethanol), [alu + 13” (c 0.5, dichloromethane), R, 0.42 
(etherhexane, 3: I); I’,,,,, 3365 (NH), 1750 cm ’ (C = 0). ‘H-N.m.r. data: 6 5.26 (d, 1 H, 
J,~,,8.3Hz,H-l’),4.70(dd,lH,J,,,,9.5Hz,H-5a),4.25(dd,1H,J,,,,8.3Hz,H-5b),2.70 
(9, 1 H, H-4). 

Anal. Calc. for C22H,2N,0,2: C, 5 1.16; H, 6.24; N. 5.42. Found: C, 50.74; H, 6.27; 
N, 5.47. 

14R,5R)-3-Metho,~y~arbonyl-5-meth~~~-4-(penta-O-acety1-D-ga~acto-pentito~-~- 
yl)-2-pyrazoline (6B). - A solution of 2 (2.0 g, 4.48 mmol) in 1,4-dioxane (15 mL) was 
treated with diazoethane (600 mg, 10.80 mmol), under the conditions used in the 
preparation of 4, to yield a syrup that was crystallised from 90% methanol to give 6B 
(1.86 g, 82%) m.p. 146148’, [%I,, +24” (c 0.5, dichloromethane). R, 0.20 (ether- 
hexane, 3: 1); vmax 3360 (NH), 1740 crn~-’ (C = 0). See text for the key n.m.r. data. 

Anal. Calc. for C,,H,,N,0,2.0.25Hz0: C. 49.75; H, 6.06; N, 5.53. Found: C, 49.85; 
H, 6.04; N, 5.69. 

i3R,4R)-3-Metho.~~~urbonyl-4-(penru-O-acety1-D-galacto-pentitol-l-yl)-l-py- 
razoline (7A) or j4R)-3-metho_x~~carhony1-4-(penta-O-acetJ1l-D-galacto-penti- 
tol-I-yl)-2-pyrazoline (7B) or (4R,5R)-5-metho,~ycarbon~i-4-(penta-O-acet~~l-D-ga~ac- 
to-pentitol-l-y/j-2-pyrazoline (7C). - Treatment of 2 (700 mg, 1.57 mmol) with diazo- 
methane (540 mg, 3.45 mmol), as described in the preparation of 4, gave a solid which 
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added slowly a solution of bromine (0.30 g, 2. IO mmol) in chloroform (I 0 mL). The 
solution was then treated with sodium hydrogen carbonate, dried (Na,SO,), and 
concentrated to dryness. The residue was recrystallised from methanol to give 12 (600 
mg, 60%), m.p. 167-169”, [z]~ + 19” (c 0.5, dichloromethane), R, 0.45 (ethyl acetate- 
hexane, 5:l); /I,,, 233 nm (&iM 2.90); vrnax 3300 (NH), 1750 cm- ’ (C =O). 

Anal. Calc. for C,,H,,N,O,,: C, 50.40; H, 5.64; N, 5.60. Found: C, 50.67; H, 5.89; 
N, 5.72. 

3(5)-Methoxycarbonyl-4-(penta-O-acetyl-~-galacto-pentitol-I-yl)pyrazole (13). 
- A solution of 7 (1 .O g, 2.10 mmol) in chloroform (10 mL) was treated with bromine 
(0.30 g, 2.05 mmol), as described for 12, to give 13 (900 mg, 90”/0), m.p. 150-l 52” (from 
methanol), [a], + 39” (c 0.5, dichloromethane), R, 0.48 (ethyl acetate-hexane, 3: 1); i,,, 
235 nm (E,~ 4.07); v,,, 3350 (NH), 1760 cm-’ (C = 0). 

Anal. Calc. for C,,H,,N,O,,: C, 49.38; H, 5.39; N, 5.76. Found: C, 49.46; H, 5.67; 
N, 5.65. 

3 (5) - Ethoxycarbonyl-5 (3) -methoxycarbonyl-4- (penta-O-acetyl-D-galacto-pen- 
titol-1-yi)pyrazofe (14). ~ A solution of 8B (1.10 g, 1.96 mmol) and 2,3-dichloro-5,6- 
dicyanobenzoquinone (DDQ; 600 mg, 2.64 mmol) in benzene (15 mL) was heated under 
reflux (72 h). Evaporation of the solvent and column chromatography (hexane-ethyl 
acetate, 2: 1) of the syrupy residue afforded 14 as a syrup (570 mg, 52%), [a],, + 8” (c 0.5, 
dichloromethane), R, 0.45 (ethyl acetate-hexane, 5: 1); &,,, 232 nm (E,,+, 2.2 1); v,,, 3300 
(NH), 1750 cm-’ (C=O). 

Anal. Calc. for C23H30N20,4: C, 49.46; H, 5.41; N, 5.02. Found: C,49.32; H, 5.50; 
N, 5.22. 

3(5)-Acetyl-5(3)-methyl-4-(penta-O-acetyl-D-ga~acto-pentitol-l-yl)pyrazole (15). 
~ A solution of 8B (1.0 g, 2.06 mmol) in benzene (15 mL) was dehydrogenated with 
DDQ (520 mg, 2.32 mmol) for 12 has described for 14. Column chromatography (ethyl 
acetate-hexane, 3: 1) and recrystallisation from ethanol gave 15 (3 I8 mg, 32%), m.p. 
166-168”, [cx]~ +38” (c 0.5, dichloromethane), R, 0.43 (ethyl acetateehexane, 5:l); &,,X 
232 nm (F,~ 3.07); vmax 3250 (NH), 1760 cm- I (C = 0). 

Anal. Calc. forC,,HZ8N20,,: C, 52.06; H, 5.83; N, 5.78. Found: C, 51.93; H, 6.01; 
N, 5.64. 

3(5)-Acetyl-4-(penta-O-acetyl-D-galacto-pentitol-I-yl)pyrazo~e (16). - A solu- 
tion of 10 (1.10 g, 2.33 mmol) in benzene (15 mL) was dehydrogenated with DDQ (600 
mg, 2.64 mmol) for 12 h as described for 14. Column chromatography (ethyl acetate- 
hexane, 3: 1) and recrystallisation from ethanol gave 16 (385 mg, 35%), m.p. 15&l 51’) 
[u], +42” (c 0.5, dichloromethane), R, 0.45 (ethyl acetate-hexane, 4: 1); i,,, 232 nm (cmM 
3.72); vmaX 3250 (NH), 1730 cm -’ (C = 0). 

Anal. Calc. for CzoHZ6NZ0, ,: C, 5 1.06; H, 5.57; N, 5.95. Found: C, 5 1.34; H, 5.80; 
N, 6.02. 

3(5)-Acetyl-5(3)-ethoxycarbonyl-4-(penta-O-a~etyl-D-galacto-pentitol-l-yl)py- 
razole (17). - A solution of 11 (1 .O g, 1.84 mmol) in chloroform (10 mL) was treated 
with bromine (0.30 g, 2.10 mmol), as described for 12, to give 17 as a syrup (740 mg, 
74%), [a], -t 12” (c 0.5, dichloromethane), R, 0.43 (ethyl acetate-hexane, 5: 1); i.,., 237 

nm (E,~ 2.54); vmax 3250 (NH), 1760 cm-’ (C=O). 




