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ABSTRACT 

D-Glucono-1,5-&tone reacts with aroylhydrazines to give the corresponding 
1-aroyl-2-D-gluconylhydrazines. Condensative cyclization of these compounds 
using triethyl orthoformate gave the corresponding 5-aryl-2-ethoxy-3-D-gluconyl- 
2,3-dihydro-1,3,4_oxadiazoles. 

INTRODULTION 

In previous reports’-s, the preparation and reactions of sugar aroylhyd- 
razides and hydrazones have been described. Continuing our work along this line, 
we now describe the synthesis of l-aroyl-D-gluconylhydrazines (D-gluconic acid 
aroylhydrazides) and their conversion, by condensative cyclization, into the corres- 
pnnding 3-n-gluconyl-2,3-dihydro-1,3,4-oxadiazole derivatives. 

DISCUSSION 

Condensation of D-glucono-1,5-lactone (1) with one molar equivalent of ben- 
zoylhydrazine gave a colorless, highly crystalline compound, m.p. 190”, whose ele- 

mental analysis was in conformity with the molecular formula C13H,8N207. The 
infrared spectrum of this product showed two Amide-I absorption bands, at 1680 
and 1650 cm- ‘, in addition to a broad band at 3300 cm-’ due to the superimposed 
hydrazido NH and saccharide hydroxyl-group absorptions (NH, OH). 

The ‘H-n.m.r. spectrum of this product in pyridine-ds showed the two hyd- 
razido protons as two deuteratable, one-proton signals, at 6 10.9-12.3, five aroma- 
tic protons as a multiplet at 6 7.15 8.4, and the rest of the protons between 6 4.15 
and 5.9 (11 H, multiplet). The proton signals of the hydroxyl groups were superim- 
posed on that of pyridine-d5 (as an impurity) at S 4.95-5.7. From these data, the 
condensation product was formulated as l-benzoyl-2-D-gluconylhydrazine (2). 

A solution of 2 in pyridine gave a violet color with 3% methanolic ferric 

‘Sugar 1,3.4-Oxadiaaoles, Parf V. For Part IV, see ref. I. 
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chloride solution, indicating that at least one of the two hydrazido groups was rn- 
gaged in hydrazG&hydrazidic acid (or amid-imidic acid) tautomcrism. which ih in 

harmony with similar results documcntingy~‘L’ the existence of such a type of 

tautomerism in the case of aroylhydrnzonrs. 
Similarly, condensation of 1 with substituted benzoylhydt-;l~incs afforded the 

corresponding 1 -aroyl-2-D-gluconylhydrazines (3-l 1). all of which gave correct ele- 
mental analyses. had ‘H-n.m.r. patterns similar to that of2. and gave. characreriatic 
colorations with ferric chloride. 

Condensative cycliration of aromatic acid hydrazidcs with triethyl orthafor- 
mate is known” to yield ?.4-diaryl-S-rthoxy-J.S-clihydro-1 .i.-Loxadiazoles (A’- 
oxadiazolines). During this reaction. a three-carbon fragment is introduced. one 
catbon atom of which is ir~voivtxl in formaticrn of the 1 ,3.-&oxadiazole ring-system. 
We have now explored the application of this condensotlve qcli/ation to the 1 
arnyl-2-u-glllconylhydrazines 

When a solution of 2 and an excess of triethyl ~,rth[lfl,rrnatc in I ,J-dioxane 
was boiled under rellux, a colorless. crystalline product. m.p. 175-17x”. wax ob- 

tained. Unlike the starting hydrazide, this product lacked the previously mrntilmed 
hydrazidr--hydraaidic acid tautomerism. as It pave no coInI-atIon with ferric 
chloride. Its elemental analysis data agreed with the molecular formula 
C,,H,,N,O, H,O, showing that the molecule contained three oar-bon :rtomr; mom-e 
than the parent hydrazidc 2. ‘The Infrared ahsorption spc’ctrum of the product 
showed CON and C=N hands at lh9C) and 1600 cm I. respectiveI>. in addition to 
band5 at 1090 (C-O-C), L(I40 (C-O). and 790 cm ’ (Ph). I‘he fingrrpnnt rtzglon of 
the infrared spectrum of this product showed pronounced differ-cnccs fl-<,m that c,f 
the piircnt compound (2). 
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These data agree with those expected for formation of a 1,3,4-oxadiazole 
ring, and the product may be assigned the structure of either 2-ethoxy-3-D-gluco- 
nyl-2,3-dihydro-5-phenyl-1,3,4oxadiazole (12) or 3-benzoyl-2-ethoxy-2,3-dihydro- 
5-(D-&Co-pen&o&l-yt)-1,3,4-oxadiazole (22). The cyclization product could not 
be definitely assigned eiher structure 12 or 22. However, structure 12 may be tenta- 

tively selected as that of the product, on the basis of those definitely assigned, on 
the basis of mass-spectral data, to the products of similar condensative cyclization 
of 2,3,4,5-tetra-O-acetylgalactaric acid bis(aroylhydrazides)‘. 

Various S-aryl-2-ethoxy-3-D-gluconyl-2,3-dihydro-l,3,4_oxadiazoles (1s21) 
were also prepared by condensative cyclization of the corresponding I -arOyb2-D- 

gluconylhydrazines with triethyl orthoformatc. 
In an attempt to achieve dehydrative cyclization of the 1-aroyl-2-D-gluco- 

nylhydrazines with phosphoryl chloride, we first tried to protect the hydroxyl 
groups of the D-gluconyl group by acetylation, but attempts made under various 
conditions (of time, temperature, and sequence of addition of the reactants) failed; 
the crystalline products obtained were devoid of any sugar moieties, and were 
proved, by direct comparison, to be 1-acetyl-2_aroylhydrazines, indicating that, 
under the reaction conditions used. trans-acylation (replacement of the D-gluconyl 
by an acetyl group) had occurred. 

EXPERIMENTAL 

Melting points were determined with a Kofler block and are uncorrected. 
The i.r. spectra were recorded. for potassium bromide discs, with a Unicam SP 
1025 spectrophotometer. ‘H-N.m.r. spectra were recorded at 90 MHz with a Vari- 
an EM 390 spectrometer, for solutions in pyridine-d, containing tetramethylsilane 
as the internal standard. Microanalyses were made in the Microanalysis Unit, Fac- 
ulty of Science, Cairo University, Cairo, Egypt. Homogeneity of products was 
checked by thin-layer chromatography on plates of Silica Gel G (layer thickness, 
0.25 mm); spots were detected with iodine, or by spraying with 20% sulfuric acid. 
followed by heating the chromatograms on a hot plate for a few minutes. 

I-Benzoyl-2-D-gluconylhydrazine (2). - A solution of D-gtucono-1.5lactone 
(I; 1 g, 5.6 mmol) in distilled water (2 ml_) was tiltered through a fritted-glass fun- 
nel, the filtrate was treated with a filtered solution of benzoylhydrazine (0.76 g, 5.6 
mmol) in ethanol (30 mL), and the mixture was boiled under reflux for 30 min. 
cooled, concentrated by evaporating most of the solvent, and the concentrate kept 
overnight at room temperature. The crystalline product that separated was filtered 
off, and washed several times with filtered ethanol. to give 1 .S g (SS%) of 2; m.p. 
190”; insoluble in most of the common organic solvents; v:z,’ 3300 (broad, NH + 
OH), 1680, I650 (Amide I), and 700 cm ’ (Ph); ‘H-n.m.r.: 6 4.95-5.7 (5 H, 5 
OH), 10.9-12.3 (2 H, 2 NH), and 7.15-8.4 (5 H, Ph). A solution of 2 in pyridine 
gave a violet color with a 3% solution of ferric chloride in methanol. 

And. Calc. for C13H1sNZ07: C, 49.6; H, 5.7: N, 8.9. Found: C, 49.1; H, 5.7; 
N, 8.3. 
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f-u-C;luconyl-2-p-tohtoylh~dra,-ine (3). - This compound was prepared (35 
for 2) in 82% yield from 1 and p-toluoylhydrazine; m-p. 1X3-186’. z*:.I:’ 33Ol! 
(hrond NH + OH). 1700. 1650 (Arnidr I). and 730 cm ’ (AI); ‘H-n.m r.: A S.25-- 
6.3 (5 H. 5 OH). 11.5 (2 H. 2 NH). 7.G-R.3 (4 H. C,H,), and?.27 (Z H. (?-I,). 

Ann/ Calc. for C, iHz,,N_O, H20. C, 58 6: H. 6 -I: K. I: I. Fcrr~nd: C. 1X 7: 
H.6.3iN.X.3. 

1-D-~~l~~~0~2y1-2-m-lolur~~ll7~tlrcizi~~r (4). This compound u’i\s prepared (ah 
for 2) in 76% yield from 1 and rrt-toluoylhydrazinc; m.p. 17Sl74”; ~8:~:: 3300 
(broad. NH + OH), 1690, I655 (Amide I), and 711) cm ’ (AI-); ‘El-n.m.r.: S S.3- 
6.0 (5 H. 5 OH), I1 .(ClZ.:! (2 H . ‘NH). 7. I-8.‘(4 FI. CAlI,). and 2’. IS (3 FI. C‘Hq). 

A/ml. Calc. for C,~H~,,N:O-. 0.5 H:O: C. 19.8: H. h.2; N, S.3. Found: <‘. 
49.9: H. 6.4: N. X.2 

1 -I,-C;luf~on~i-2-(p-m~,ti~f~r~vb~n~~~~,/)~~y~fru~in~ (5). - This compound was 
prepared in 88’S yield from I and @-methoxybenzoyl)hydrazine: m p. 1X7”: I,,:‘: 
3400 (broad. N11 + OH). 16X3. 1640 (Amide I). and 700 cm ’ (Ar): ‘Ii-n.m.r.: 8 
5.354.1 (5 H. 5 OH), Il. l7-Il.90 (2 H, 2 NH), 6.X-8.4 (3 H. C’,,FI,). and 3.68 (3 
H, CX’ti,). 

Anal Calc. for C,.JIZ,,NX>, 0.5 H?O: C. 47.6; 11, 6.9; N. 7.‘). Found: C’. 
4X.1; H, 6.6; N. X.7. 

I-(p-Ch/oroh~,2=o~/)-2-D-~~~c~~z~~~~~~r~=j~e (6). - This compound was pre- 
pared in X2% yield from 1 and (p-chlorobrn~oyl)hydr~~ine; m.p. 703~XW’; I*,~~~ 
3400 (broad, NH + OH), 1685, 1650 (Amide 1). and 735 cm ’ (Ar): ‘H-t1.rn.r.: R 
4.85-5.5 (5 H. 5 OH), 7.1-S.3 (3H. C,H,), and 10.-l-l 1.5 (2 H. r! NH). 

An& Calc. for C,IH,,CIN,O,: C. M.7; 11. -l.9: N. X.0. Found: C. 31.6: II. 
5.9; N. X.7. 

I-(m-Cl~forohenzc,vl)-17-n-girlronyl(7). ~~ This ccompound was pre- 
pared in 77% yield from 1 and (m-chlorobenzoyl)l~ydra~inr; m.p. 113-145”; L,,:.: 
3300 (brorrd NH + OH). IhYO, 1645 (Amide I). and 715 cm ’ (Ar): ‘II-n.m.r.: 6 
5.25-5.9 (S H. 5 OH). 7. I-X.35 (4 l-1. c’,H,). and 10 Sll.h.il(2 H. .? NH). 

Anal. Calc. km C,-iH,7C11N207: C. 41.7: H. 3.9: N. X.0. F\ounci: C. 14.2; H. 
5.l,N.8.5. 

I-(o-C‘~~torc~hen;o~l)-_‘-D-~l~c~nnl’llzJ~drcr-~n~~ (8). Thix c~>mpotlnd was pre- 
pared in 71% yield from 1 and (o-chlorobcnzoyl)hydrazinc: m_p. lS.i- 186”; I~,~,~~ 
3400 (broad. NH + 011). 1685, 1650 (Amide I). and 700 cm ’ (.Ar). 

Ann/. Calc. tar CIIH,,CIN,O,: C. 14.7. H, 4.9; N. X.0. Found: C. 44.5: H. 
4.9: N. 8.3. 

I-(p-Bromoben~~~~)-2-r,-Rlzr~onyl~r~drrru=irze (9). - This compound was prc- 
pared in 91% yield from I and (p-bromobenzoyl)hydrazine: m.p. Zl(L-213”; kRr ~‘l,l‘l, 
3300 (broad, NH + OH), 16X5. 1645 (Amide I). and 735 cm ’ (Ar): ‘11.n.m r.: 6 
4.X~6.0(511.S0H),7.4-X.7(3H.C,,H~),and19.7-11.S(2H,~NH) 

Anul. Caic. for C,IH,7RrN,0;: C. 39.7; II. A..<; N. 7.1. Found: c‘. i9.J: H. 
4.4: N. 6.X. 

I-(m-Rrc?rnoh~~~-r~~j/)-~-~-~/~~~~~~~/~~~~/r~~~;~~ (IO). ~ This cr>mpound was 



SUGAR 1,3,4-OXADTAZOLES. PART V 123 

prepared in 86% yield from 1 and (m-bromobenzoyl)hydrazine; m.p. 175-178”; 
v:z 3300 (broad, NH + OH), 1680, 1650 (Amide I), and 715 cm-’ (Ar); ‘H- 
n.m.r.:64.~5.6(5H,5OH),7.15-8.5(4H,C,H,),and11.~11.8(2H,2NH). 

Anal. Calc. for C13H17BrNZ07 . 1.5 HZO: C, 37.1; H, 4.8; N, 6.7. Found: C, 
37.1;H,4.7;N,6.9. 

~-D-Gluconyl-2-(p-nitrobenzoyl)hydrazine (11). - This compound was pre- 
pared in 91% yield from 1 and (p-nitrobenzoyl)hydrazine; m.p.215’; v:?! 3300 
(broad, NH + OH), 1685,1645 (Amide I), and 710 cm-’ (Ar). 

Anal. Calc. for C13H17NS09: C, 43.4; H, 4.7. Found: C, 43.5; H, 4.3. 
2-Ethoxy-3-D-gluconyl-2,3-dihydro-5-phenyl-l,3,4-onadiazole (12). - To a 

suspension of I-benzoyl-2-D-gluconylhydrazine (2; 1 g, 3,18 mmol) in 1,4-dioxane 
(10 mL) was added triethyl orthoformate (5 mL), and the mixture was boiled under 
reflex until complete dissolution had occurred (-20 h). The mixture was evapo- 
rated to dryness, and the product crystallized from ethanol to give 0.X g (68%) of 
12; m.p. 175-178”; v,Fzz 1690 (CON), 1600 (C=N), 1090 (C-O-C), 1040 (C-O), 
and 790 cm ’ ( Ar) 

Anal. Calc. for C&,HZ2NZ08 HZO: C, 49.4; H, 6.2; N, 7.2. Found: C, 49.0; 
H, 5.8; N, 7.8. 

2-Ethoxy-3-D-gluconyl-2,3-dihydro-5-p-tolyl-I..~,4-oxadiazole (13). - Com- 
pound 13 was prepared in 69% yield from 3, as for compound 12; m.p. 165”; vz& 
1685 (CON), 1570 (C=N), 1090 (C-O-C), 1035 (C-O), and 730 cm-’ (Ar). 

Anal. Calc. for C,,HZ4N20s: C, 53.1; H, 6.3; N, 7.3. Found: C, 53.6; H, 6.7; 
N, 7.1. 

2-Ethoxy-.~-D-giuconyl-2,3-dihydro-5-m-tolyl-I,3,4-oxadiarole (14). - Com- 

pound 14 was prepared in 60% yield from 4, as for compound 12; m.p. 155”; ~2:; 
1690 (CON), 1600 (C=N), 1100 (C-O-C), 980 (C-O), and 780 cm-’ (Ar). 

Anal. Calc. for C1,HZ4N20s: C, 53.1; H, 6.3; N, 7.3. Found: C, 53.5; H, 6.5; 
N, 7.3. 

2-Ethoxy-3-D-gluconyf-2,3-dihydro-5-(p-methoxyphenyl)-~,3,4-~xadiazole 
(15). - Compound 15 was prepared in 69% yield from 5, as for compound 12; 

m.p. 168-172”; v,$E; 1640 (CON), 1580 (C=N), 1080 (C-O-C), 1050 (C-O), and 
700 cm-’ (Ar). 

An&. Calc. for C1,HZ4N209. 1.5 H,O: C, 47.7; H, 6.3; N, 6.6. Found: C, 
48.2; H, 6.4; N, 6.4. 

5-(p-Chloropheny~)-2-ethoxy-3-D-gluconyl-2,3-dihydro-l,3,4-oxadia~o~e 
(16). - Compound 16 was prepared in 68% yield from 6, as for compound 12; 
m.p. 128”; v,Ez! 1710 (CON), 1570 (C=N), 1085 (C-SC), 1005 (C-O), and 750 
cm-’ (Ar). 

Anal. Calc. for C,,H,,CIN,O, . 1.5 H20: C, 44.5; H, 5.6; N, 6.5. Found: C, 
43.9; H, 5.0; N, 6.5. 

S-(m-Chlorophenyl)-2-ethoxy-3-D-gluconyl-2,3-dihydro-l,3,4-oxadiazole 

(17). - Compound 17 was prepared in 60% yield from 7, as for compound 12; 
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1ll.p. 175”; I,,;:xr 1680 (CON), 1600 (C-N). 1065 (C-O-C). 9911 (C-O). arid 780 

cm -I (Ar). 
Anal. Calc. for C,,H,,CIN,O, . 2 H#: C. 43.6; H. 5.7; N. 6.4. Found: C‘. 

43.1; fi. 5.4; N, 7.0. 

S- (o- Chiorophenyl)-2- ethouy-3 ~-giucot~yl-~,_3-dihy~lr~~- I,.3,4o.~ndiazolr 

(18). - Compound 18 was prepared in .Fl%., yield from 8. as for compound 12; 

m.p. 162-166”; uz<: 1650 (C-ON). 1600 (C=N). 1050 (<‘-O-C), I005 (C-0). and 
760 cmml (Ar). 

rlrral. Calc. for C,,H.,,CINzO, . H,O: C. 42.4; tl. 5.4; N. 6.6. Foui~l: C. 
45.2; H. 5.0: N, 6.8. 

5-(p- Bromophenyl) -2.ethoq -_i- D -@xmyl- Z,~~-dihydro-l,.i,~-~~~adia~oit, 

(19). --- Compound 19 was prepared in 70% yield from 9. as for compound 12; 
m.p. 135”; v,;..p= 1720 (CON). I600 (C=N), 1100 (GO C). 1015 (CO). and 760 

cm-’ (Ar). 

AMI. Calc. for CiJI~,BrN,Ox: C. 42.X: H. 1.7: N. 6.2. Found: C. 12.3: H. 
4.3: N. 6.5. 

5-(m-6l~omuphenvl)-2-~thoxy-3-D-~Iuconvl-~,.3-di~~vdr~-I._~.~~o.uadin,-olr~ 

(20). - Thiq compound was prepared in 62%’ yield from 16, as few compound 1.2; 
m.p. 127-130”; LJ:,; 1680 (CON). 152ll (C=N). 1060 (C-C-C). 970 (C-C)). and 
790 cm ’ (Ar). 

AM/. Calc. for C,r,H21BrN,0x 1 .S H20: C. 30.3: H. 5.0; N. 5 U. Found: c’. 
40.4; H. 4.7: N. 6.3. 

2-Ethnxy-.3-~~-~1~~~~~~~~f-~,.?-dihy~fr~~~5-(p-nitr~~ph~~~~y~)-i,_3,~-~.~~~~ii~~~~le (21). 

-Compound 21 was prepared in 61% yield from 11, as for compound 12: m.p. 

135’; z,::fr 1680 (CON), 15’90 (C=N). 1085 (C-O-C). 100.5 (C-O). and 660 cm I 
(Ar). 

Ann/. Calc. for C,hHzINZOI,,: C, 36.3: H, 5.1; N. 10.1. Found: C. 46.h; H, 
5.5: N. 10.6. 


