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ABSTRACI 

The title hept-I -enitol(2) reacted with aldehyde methyl(or phenyl)hydrazones in refluxing methanol 

or butyl acetate to give I-methyl(or phenyl)-5-(penta-O-acetyl-~-~~u~u~f~~-pentitol-l-yl)pyrazoles in good 
(for I-methylpyrazoles) or moderate yields (for I-phenylpyrazolcs). The 0-deacetylated products were 

obtained in high yields. A Michael-type adduct was obtained for the reactions of2 with p-tolualdehyde and 

p-nitrobenzaldehyde methylhydrazones. and its role as an intermediate was proved by conversion into the 

pyrazole derivative under the conditions of the above reactions. Only for the reaction with formaldehyde 

phenylhydrazone was the observed regioselectivity abnormal. The structures proposed were confirmed by 
spectral data. 

INTRODUCTION 

Our interest in the synthesis of analogues of natural C-nucleosides from hexose 
derivatives led to a study of the reactions of hexose aryl- or methyl-hydrazones with 
nitroalkenes’,’ and cyclodehydration3 of the pentitol-l-y1 chain at C-3 of the resulting 
pyrazole derivatives. A new type of pyrazole C-nucleoside with the sugar moiety at C-5 
of the heterocycle should be accessible by interchanging the functionality of the 
reagents. We now report their formation by the reaction of aldehyde methyl- or 
phenyl-hydrazones with 3,4,5,6,7-penta-0-acetyl-I ,2-dideoxy-1 -nitro-D-galacto-hept- 
I-enitol (2). The olefin 2 and other sugar nitroalkenes have been used4,5 in 1,3-dipolar 
cycloaddition reactions with diazoalkanes in order to obtain nitropyrazoline deriv- 
atives. 

RESULTS AND DISCUSSION 

The reactions of the hydrazones of aromatic aldehydes la-d and 5a4 with 2 were 
performed in refluxing methanol. Monitoring by t.1.c. indicated that the reactions were 
complete within 5-24 h, except for those of 5a-b and 5d, which led only to decomposi- 
tion products even after reaction for 8 days under nitrogen. The hydrazones of aliphatic 
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that result from the nucleophilic attack of the sp3 N of the hydrazone on the nitro-olefin 
system, and prove that the mechanism for this type of cyclisation is stepwise’ and not 
concerted(‘. 

Conventional treatment of the foregoing pyrazole derivatives with methanolic 
sodium methoxide gave the O-deacetylated compounds Is-20 in high yields (8&95%) 
except for 15d, which was obtained from the crude mixture of 3d and 4d in a yield of 
40%. 

The elemental analyses of the new compounds accorded with the structures 
proposed, which were confirmed by their physical properties. The arylpyrazoles 4a-d, 6, 
11, and 12 showed one U.V. band in the range 239-3 17 nm, and the alkylpyrazoles 13 and 
14 absorbed at 2222224 nm, as do structurally related pyrazoles7. The i.r. spectra 
showed the expected bands (see Experimental) and the absence of bands assignable to a 
nitro group except for 4d and 15d. In contrast, the Michael adduct 3b showed the two 
expected strong bands at 1555 and 1370 cm -‘. 

The iH-n.m.r. data for the pyrazole derivatives are summarised in Tables I and II. 
For the penta-acetates 4ad, 6, and 11-14, the protons of the pentitol-l-y1 moiety 
resonated in the range 6 3.8-6.1 and appeared in the order of increasing field H-l’ < 
H-2’ - H-3’ < H-4’ < H-5’a,5’b (for 4ad, and 12- 14), or H-l’ < H-3’ < H-4’ < H-2’ 
< H-5’a,5’b (for 6 and 11). The upfield shift of the H-2’ resonance may be attributed to 
shielding by the 1-phenyl group. Such shielding is not possible in 12 due to the greater 
distance between the phenyl group and the side chain. The Jvalues for the pentitol-l-y1 
moiety could be measured only for 6, 11, and 14, and indicated that the chain adopted a 
planar zigzag conformation in solution as in the crystals of 4a (ref. 8) and 12 (ref. 9). The 
unique pyrazole proton present in all of the acetylated derivatives, except 12, resonated 
at 6 5.999662 (s) in a range typical” of H-4 and not of H-5, thus showing that the 
regioselectivity was “normal”. The signals of the pyrazole protons for 12 appeared at 6 
7.62 and 7.87, and were assigned to H-3 and H-5, respectively, on the basis of anteced- 
ents”‘, thus demonstrating the reverse regioselectivity. The same relationship occurred 
for the signals of the pyrazole protons of the O-deacetylated compounds 15a-d and 
1620; only 18 showed two signals at 6 7.80 and 8.41 attributable to H-3 and H-5, 
respectively, but the other compounds gave only one signal at 6 6.1 l-7.15, assigned to 
H-4. 

The 13C-n.m.r. spectra of the pyrazole derivatives (Table III) confirmed the 
reverse regioselectivity. Thus, the pyrazole carbons resonated in the order of decreasing 
field C-3 > C-5 > C-4, as established”, but the signals of C-3 (6 139.4 and 140.6, 
respectively) of the reversed compounds 12 and 18 were shifted upfield due to the lack of 
any substituent”,” (cJ the S values 147.1-l 59.6 and 145.5-l 58.0 for the acetylated and 
O-deacetylated 3-substituted compounds, respectively). A similar upfield shift was 
observed for the C-5 resonances in 12 and 18 as compared with those of the respective 
related compounds. The signal for C-4 in 12 and 18 was shifted downfield correspond- 
ingly in comparison with those in the other compounds. An additional proof of the 
reverse orientation in the reaction leading to 12 was that the 6 values for the resonances 
of the phenyl ortho-carbons in 12 and 18 were much lower than those in the “normal” 
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measured with a Perkin-Elmer 24 1 MC polarimeter. T.1.c. was performed on Silica Gel 
HFZj4 (Merck), and detection with U.V. light and/or by charring with sulphuric acid. 
Flash chromatography was conducted on Silica Gel 60 (Merck, 633200 pm). 1.r. spectra 
were recorded for KBr discs with a Perkin--Elmer 299 spectrophotometer and U.V. 
spectra with a Perkin-Elmer 545 spectrophotometer. N.m.r. spectra (internal Me,Si) 
were recorded with a Varian XL-200 spectrometer; JH,H values were measured directly 
from the spectra, and assignments for ‘H were confirmed by deuteration and/or 
double-resonance experiments and, for ‘%Z, from APT spectra”. E.i.-mass spectra (70 
eV) were recorded with a Kratos MS-80RFA instrument operated at an ionising current 
of 100 ,uA, an accelerating voltage of 4 kV, and a resolution of 1000 (10% valley 
definition). 

Reactions of 3,4,.5,6,7-penta-O-acetyl-1 ,2-dideox_y-1-nitro-D-gala&o-hept-l-enitol 
(2) with methyl- or phenyl-hydrasones of aromatic aldehydes. - The hydrazone (la-d, 
5aed, 4.4 mmol) was added to a suspension of 2 (1.73 g, 4.0 mmol) in methanol (20 mL), 
the mixture was boiled under reflux, and the reaction was monitored by t.1.c. After the 
time stated, the solvent was evaporated, the residue was extracted with ether, the extract 
was dried (MgSO,) and concentrated, and the residue was purified by column chroma- 
tography (3:2 ether-hexane, or a gradient of ether-hexane). For some reactions, the 
treatment with ether before the chromatography was not necessary. 

The following results were obtained. 

la (0.59) 8 
Ib(0.65) 5 
Ic (0.86) 8 
Id (0.79) 24 
Sa (0.86) I 92h 
5b (0.92) 192* 
5c (0.99) 8’ 
5d (I.001 19P 

4a (1.33.64) 
3b(0.16,7) and 4b (1.45, 68) 

4c (1.78, 81) 
3d + 4d (1.20)” 
decomposition 
decomposition 

6 (0.93, 37) 
decomoosition 

0 I:1 mixture (from the intensities of the signals of the N-methyl protons in the n.m.r. spectrum). h Under 
nitrogen. 

The following compounds were prepared, for which the n.m.r. data are given in 
Tables I and III-V. 

1 -Methyl-5-( 1,2,3,4,5-penta-0-acetyl-I>-galacto-pentitol- 1 -yl)-3-phenylpyrazole 
(4a), m.p. 109-l 1 O”, [xl? -?- 69” (c. 1, chloroform); I_:::” 251.5 nm (E 7800); vmax 1750 cm ’ 
(esterC=O).Massspectrum:m/~60(l00%), 187(64,[B +30]‘),518(34,Mf),519(10, 
[M + l]+) (Found: C, 57.68; H, 6.01; N, 5.38. C2,H,,N,0,,, talc.: C, 57.91; H, 5.83; N, 
5.40%). 

p-Tolualdehyde N-methyl-N-(3,4,5,6,7-penta-O-acetyl- 1,2-dideoxy-1 -nitro-D- 
galacto-heptitol-2-yl)hydrazone (3b), eluted first (ether-hexane gradient), m.p. 93-95”, 
[xl? - 45” (c 1, chloroform); rWax 1750 (ester C = 0), 1555 and 1370 cm ’ (NO?). Mass 
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Themixture was stirred for 10 min at O”, then for 1 hat room temperature, and extracted 
with butyl acetate (2 x 1 mL). The combined extracts that contained the formaldehyde 
phenylhydrazone (8) were treated with a solution of 2 (1.73 g, 4 mmol) in the same 
solvent (20 mL). The mixture was boiled under reflux under nitrogen and the reaction 
was monitored by t.1.c. (3:l ether-hexane). After 8 h, the mixture was boiled with 
activated charcoal, filtered, and concentrated. The syrupy residue was purified by 
column chromatography (3:2 ether-hexane) to yield 12 (0.91 g, 45%) m.p. 154-l 55”, 
[a]? + 50” (c 1, chloroform); n:iy 245 nm (e 14 200); v,,, 1740 cm- ’ (ester C = 0). Mass 
spectrum: m/z 173 (lOO%, [B + 30]+), 504 (1, M?) (Found: C, 56.96; H, 5.49; N, 5.53. 
C,,H,,NZO,, talc.: C, 57.14; H, 5.59; N, 5.55%). 

1,3-Dimethyf-5-(1,2,3,4,5-penta-O-acetyl-D-galacto-pentitol-l-yl)pyrazole (13). 

- Acetaldehyde (0.28 mL, 5 mmol) was added with stirring to a solution of methyl- 
hydrazine (0.25 mL, 5 mmol) in butyl acetate (3 mL) at 0“. The mixture was stirred for 10 
min at O”, then for 1 h at room temperature, and to the resulting suspension of 
acetaldehyde methylhydrazone (9) was added a solution of 2 (1.73 g, 4 mmol) in butyl 
acetate (20 mL). The mixture was boiled under reflux under nitrogen until t.1.c. (3:l 
ether-hexane) indicated no further reaction (8 h). The solution was then concentrated 
and kept at 0” to give several crops of product (1.48 g, 8 lo!), m.p. 1299130”. Recrystalli- 
sation from ether-hexane afforded 13 (1.28 g, 70%), m.p. 132-l 33”, [a]: + 52” (c 1, 
chloroform); ~~~~” 224 nm (F 3300); v,,, 1750 cm-’ (ester C =O). Mass spectrum: m/z 

125 (lOO%, [B + 30]+), 456 (8, M b) (Found: C, 52.42; H, 6.16; N, 6.24. C20H,,N20,, 
talc.: C, 52.63; H, 6.18; N, 6.14%). 

3-lsopropyl-l-meth~~1-5-(1,2,3,4,5-prnta-0-acet~~l-~-galacto-pentito~-l-y~)pyr- 

azole (14). ~~ Isobutyraldehyde (0.36 mL, 5 mmol) was added to a solution of methyl- 
hydrazine (0.26 mL, 5 mmol) in butyl acetate (3 mL) at 0”, and the mixture was stirred 
for 10 min at O”, then for 1 h at room temperature. To the resulting solution of 
isobutyraldehyde methylhydrazone (10) was added a solution of 2 (1.73 g, 4 mmol) in 
butyl acetate (20 mL), and the mixture was boiled under reflux under nitrogen until t.1.c. 
(3:l ether-hexane) indicated no further reaction (8 h). The mixture was heated with 
activated charcoal, filtered, and concentrated to a syrup, which was purified by column 
chromatography (2: 1 ether-hexane) to yield 14 (1.45 g, 75%) m.p. 77-78”, [cx]~ +49” (c 
1, chloroform); 3_FiFH 222 nm (E 5400); v,,, 1750 cm-’ (ester C = 0). Mass spectrum: m/z 
153 (loo%, [B + 30]+), 484 (59, M !), 485 (14, [M + l] ‘) (Found: C, 54.31; H, 6.62; N, 
5.73. C2?H1?N20,,, talc.: C, 54.54; H, 6.66; N, 5.78%). 

Deacetylation qf4a+L 6, and 11-14. --- A few drops of methanolic 2M sodium 
methoxide were added to a solution of the appropriate 5-( 1,2,3,4,5-penta-Gacetyl-D- 
yalacto-pentitol-1-yl)pyrazole derivative (0.20 g) (or of the mixture of 3d and 4d, as 
indicated for 15d below) in dry methanol (10 mL) at room temperature. After 1 h, the 
mixture was neutralised with IR-120 (H+) resin and filtered, the resin was washed with 
methanol (5 mL), and the combined filtrate and washings were concentrated to give the 
crystalline deacetylated product. 

The following compounds were prepared in this manner. The n.m.r. data are 
given in Tables II and III. 
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