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Hydrazones of some saccharides exhibit significant biological activities. They 

inhibit nucleo- and proteo-synthesis in tumorous cells’ and the growth of bacteria3. 

Hydrazones of monosaccharides generally crystallize well, and they are useful 

derivatives for the identification4 and isolation of reducing carbohydrates’. 

Much attention has been paid to study of the structure of hydrazones, both 

cyclic and acyclic. The structure of hydrazones can be determined by several methods. 

For crystalline compounds, the most convenient method is X-ray crystal-structure 

analysis. By this method, the cyclic structure of D-arabinose (4-bromophenyl)hydra- 

zone5 and D-glucose (4-bromophenyl)hydrazone6, as well as the acyclic structure of 

D-ribose (4-bromophenyl)hydrazone7 and D-mannose (4-bromophenyl)hydrazone’, 

have been determined. The best methods for structural analysis of hydrazones in 

solution seem to be ‘H- and 13C-n.m.r. spectroscopy’. 

Per-0-acetylated hydrazones of saccharides can occur, like hydrazones, either 

in acyclic or cyclic forms. The respective forms of these compounds can be proved by 

IH-n.m.r. spectrometryl’*” and mass spectrometry12, as well as by synthesis from 

acyclic per-0-acetylated saccharides13. 

Several studies indicate that the predominant isomer in the crystalline form 

is not always that in solution, owing to ring-chain interconversion dependent on 

solvent, sugar configuration, and basicity of the hydrazine group93’4. 

Acyclic hydrazones, containing the C = N bond in the molecule, may exist in 

the forms of their E and 2 isomers. Despite the fact that hydrazones were prepared 

for the first time at the end of the last century, the synthesis of their E and 2 isomers 

had not been convincingly described until 1976, when Weclawowicz” described the 

*Hydrazones and Their Derivatives, Part III. For Part II, see ref. 1. 
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E and Z isomers of u-arabinose phenylhydrazone. but without expenmcntal data 

concerning their synthesis. 

The per-O-acetylated hydrazones of saccharides are usually prepared by acctyla- 

tion of the corresponding hydrazone. By this method. we prepared”’ 1,3.4.5,6- 

penta-O-acetyl-krto+-fructose (?,+dinitrophenyl)hydrazone (2) from u-fructose 

(2,4_dinitrophenyl)hydrazone (1). The acyclic structure of 2 was proved by mass 

spectrometryL2 and ‘H-n.m.r. spectroscopy”. 

CH,OR’ 

I 
C=R2 

I 
R’OkH 

I 
HCOR’ 

HkOR’ 

CH,OR’ 

1 R’ = H, R2 = NNHC,H,(NO,),-3,4 

2 R’=Ac R2 = NNHC,H,(N0,)2-2,4 

3 R’=Ac R? = 0 

Proof of the acyclic structure of compound 2 was also provided by synthesis 

according to the procedure published by Wolfrom and Christman’“. lincxpcctedly, 

the reaction of I ,3,4.5.6-penta-O-acetyl-keto-D_fructose (3) with (2.4~dlnltrophenyl)- 

hydrazine’ 7 gave a crystalline mixture, 4. of two hydrazoncs. as revealed by t.1.c.. 

which were separated by column chromatography, yielding the t,’ (2) and % (5) 

isomers of I ,3,4,5,6-penta-0.acetyl-Xcto-II-fructose (2,-Ldinitrophenyl)hydrazone. 

The identlty of each of the hydrazones. 2 and 5. was proved by ‘H- and ‘“C-n m.r. 

spectroscopy (see Tables I and II ). The structure of the Z isomer (5) was also con- 

firmed by X-ray analysis’ * 

TABLE I 

IH-N.M.R -SPECTRAL DATA: CHEMICAL CHIFTS (*b) AND ~~I!PL~M~ COUSTA~W (Hz) 

E (2) I I .x5\ 

I(5) IO 9.55 

CH:I I U(.PII.~I 
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TABLE II 

'SC-N.M.R.-SPECTRAL DATA: CHEMICAL SHIFTS (6) 

Aromatic moiety 
Isomer C=N 
E (2) 144.66 
Z (5) 144.63 

C-l c-2 c-3 c-4 c-5 C-6 
144.40 139.08 123.23 130.25 130.23 116.22 
146.32 139.17 123.19 130.59 130.20 116.14 

Sugar moiet> 
Isomer C-l c-3 c-4 C-5 C-6 C=O (acelyl) 
E (2) 65.32 71.81 68.82 68.56 61.43 170.37 

169.59 
168.82 

Z (5) 58.47 71.86 68.61 69.78 61.59 170.49 
169.71 

The ‘H-n.m.r. chemical-shifts, important for identifying, or distinguishing 

between, the E and Z isomers, are given in Table I. The position of the signal due 

to the NH group of isomer E is shifted downfield, compared with that of isomer Z. 

Differences in the spectra are also seen with the signals of protons at C-l; the E 
isomer revealed 2 doublets, whereas the Z isomer gave a triplet. Similar differences 

are seen with the chemical shifts of the methyl groups of acetyl groups, These differ- 

ences provided evidence that the NH group of the E isomer forms a hydrogen bond 
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Fig. I. E and Z isomers of penta-0-acetyl-keto-o-fructose (2,4-dmitrophenyl)hydrazone. 



wth O-l (SX Fig. 1 ): formation of ;t ring IS assocated ulth changes 111 shielding 

effect5 on the protons ilt C-l 

This suggestion ih in accord with the ’ ~C-n.m.l..-s]7cctl-al data (see Tahlc I I). 

The most slgnlficant, do~nficld shift ~+a formed \vjth C-l nt‘ thr /. isomer. and 

alterations were also ohscrvcd In the region of the arbonql groups of the ;lcctql 

groups. The signal at fi lhX.XZ (E isomer) is that of the acctyl group lhrming the 

hydrogen bond The conformation of the molecule of the % isnmcr IS in accord \vlth 

the result5 of X-ray annlj4s. a\ illustrated in Fig I. 

The E and % isomers were further >ubjccted to arcular Jlchrolsm (c.d ) 

measurements. These t\\o iwmers can hc unambiguously Jistlngui+cd on the ~:I~IS 

of the character of their c.d. spectra. and p;nIicularly, from the oppwte sign of the 

long-wave. chiroptic band. Iwmer % sl~ows :I pwitlvc c.~>‘. l..lx) at -IlO ntn, \\hcrc;ts 

isomer 15 gives a negative c>iic at - 355 iin. 

EIPERIMEN’FAL 

Gtvwr~lI. ~~~ Melting points berc determined on a Kofcr micro hot-stage. 

Solutions were evaporated under Jlminished prwsurc at 30.~30 Compound 3 \+a:, 

prepared according to ref. 19. and hydraLone 1, according to rcf ?(I. Thin-bye1 

chromatography \vas conduct4 on plates of silica gel (Sllufol: Ka\aller) u~th ((7) 

7 3 benzencecthyi ncrtatc and (h) 7 2 : I hcptanc chlc~roform -I ,I-dloxane. On thin- 

Iaycr plates, the components wrc located by $pr:ic 111.g \I Ith 9 “(, sulfuric aced in ethanol. 

and heating. Preparative chromatography wa pcrformccl on colu~nns ((10 )i 3 cm) 

of silica gel (0.04-O. 1 mm ) b~tli solvents 0 and (c) 20 3 : 7 hq7t;tne chlorofhrm- 1,-t- 

diowne. Mass spectra (70 I:\!) wcrc recorded M ith an etnisslnn current of 300 irA 

hy using a JMS-D 100 instrument and the direct-Inlet technique. The tcmpcruturc at 

the site of cbaporation \v:ts 230 The n.m.1 . spectra L\CI’C rcc~~rdai for solutions 

In chloroform-J(50 rng’O.3 mL) contalnlng Mo,Si ;IS the internal standard. ‘lj-N.m.r. 

spectra wrc recorded t+lth an X0-hl HL. Tcsla BS 187.H spcctronwter. and ‘ZC-~~.~n.~~. 

spectra with an Ft-n.m.r. \pectl~~metcr (JEOL F.Fi-60 I b!’ using ;I repctltlon t~mo of’ 

0.5 s, a pulse width of4 /l> (-I5 lllp-angic), 4.000 hH7 weep-width. and Xh real tlnt;~- 

points in the prOt0ri-dc’c(~llpled :~nci uli-resonance mndc The c.d. \pc’ctr;i \!c’re rc- 

wrdcd \vith a Jobin \r.\,on Marl, II I ~nstrumt‘nt. t‘or x)lutlnn> 111 acctonltrilc‘ at ;I 

concentration of 0.5-I .O nig,,niL III I-mm ccllh at 25 
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Anal. Calc. for C,,H,,N,O,,: C, 46.32: H, 4.59; N, 9.82. Found: C, 46.19; 

H, 4.70; N, 9.70. 

Mixture uf E and Z isomers of /,3,4,5,6yen ta-0-ace!$-ket o-tyfructase (2,4- 

dinitrophen~~Z)~l~ldraY7ane (4). - To a mixture of 1,4-dioxane (80 mL), acetic acid 

(50 mL), and water (50 mL) were added compound 3 (2 g) and (2,4-dinitrophenyl)- 

hydrazine (1.02 g), and the solution was stirred for 8 h at 20”. After an additional 

I6 h at 20”, the solution was evaporated, and the syrupy residue was analyzed by 

t.1.c. using solvent a. Three spots were detected [A, 0.48, (2,4-dinitrophenyl)hydrazine; 

RF 0.53, 3; and RF 0.67, 41. This mixture was separated on a column of silica gel 

using solvent a, to give 4 (0.82 g; 28.3 %) as a syrup which crystallized from ethanol 

(50 mL), After two recrystallizations from ethanol, the product had m.p. 105-209”, 

Cl aD 20 -24.8 +3 O (c OS, ethyl acetate). According to UC. (solvent b), the hydrazone 

4 consisted of a mixture of compound 2 (E isomer; R, 0.26) and 5 (2 isomer; R, 

0.34). These isomers (0.94 g) were separated on a column of silica gel using solvent 

c, to give the 2 isomer (5; 0.37 g; 39.4:4) and E isomer (2; 0.51 g; 54.3 y’,). 

The Z isomer (5) crystallized from ethanol; after two recrystallizations [ethanol), 

it had m.p. 121-122”, [a]iO +47.2” (c 0.5, ethyl acetate); ‘H-n.m.r. data are given 

in Table 1, and 13C-n.m.r. data, in Table II; c.d. data, d& (I): +0.79 (410), - 1 .11 

(347), + 2.92 (279), - I .8 1 (250; shoulder), -2.13 (242), + 2.37 (2X), and -0.95 

(2 12). 

Anal. Calc. for C,,H,,N,O,,: C, 46.32: H, 4.59; N, 9.82. Found: C, 46.22; 

H, 4.54; N, 9.85. 

The E isomer prepared by this procedure was identical with compound 2 

prepared by acetylation of hydrazone 1 (m.p., optical rotation, mass spectra, and 

‘I-I- and ’ 3C-n.m.r. spectra). 
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