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ABSTRACT 

Condensation of 2,3,4,S-tetra-0-acetylgalactaroyl dichloride with two equi- 
valents of various aroylhydrazines gave the corresponding 2.3,4,5-tetra-O-acetyl- 
galactaric bis(aroylhydrazides). Condensative and dehydrativc cyclization of these 
bis(hydrazides) with triethyl orthoformate and phosphoryl chloride, respectively, 
gave the corresponding 3,3’-(2,3.4,5-tetra-O-acetylgalactar-1,6-dioyl)-bis(5-aryl- 
2-cthoxy-2,3-dihydro-1,3,4-oxadiazole) and 1,2,3.4-tctra-O-acetyl-1.4-bis(%aryl- 
1,3,4-oxadiazol-Z-yl)-gala&o-tetritols. The elucidation of the structure of the com- 
pounds prepared is discussed and mechanistic pathways for their formation are 
proposed. 

INTRODUCTION 

1,3,4-Oxadiazole and oxadiazoline derivatives are among the most widely 
utilized materials, both biologically and industrially. Biologically, they are used as 
carcinostatic2, anticonvulsives, hypotensive4, hypoglycemics, muscle-relaxant”, 
amebicidal’, bactericidals, fungicidal’, and leprostatic’” agents. In industry, they 
find application as scintillators”. photoinitiators in electrophotography”, and 
fluorescent whiteners’s. Bis( 1,3.4-oxadiazoles) have good thermal stability. and 
are used in heat-transfer fluids’4. In agriculture, they are used as insecticides’s, in 
combating unwanted vegetation”, and in preventing nitrifcation of the soil”. 
These activities and applications inspired continuation of the work we 
started’x.‘OP’” on the synthesis of saccharide 1,3,4_oxadiazoles. The saccharide 
moieties of these compounds would enhance their penetration into biological sys- 
tems and, therefore, contribute to their activities. 

One approach for the synthesis of the first known saccharide I ,3.4-oxadiazole 
derivative was the oxidative cyclization of the acetates of aidelzydo sugar aroyl- 
hydrazones’s. Tronchet and Moskalyk used this approach for the synthesis of “in- 
verted” C-nucleoside analogs containing 1.3,4-oxadiazole rings“‘. A second ap- 
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proa& was the dehydrative cyclization of aldaric his(;lroylhydra7.idc) acctatrs hy 

heating with phosphoryl chloride’” or thionyl chloride”. Continuing our 

work’s.“’ ” on the synthesis. from saccharidc aroylhydrazones and aroylhy- 

drvzides. of nitrogen hetcrocyclcs having saccharitlc chains. we now rrpW the syn- 

thesis of some new 2.3.15tetra-O-ityl-galitctaric his(aroylhydro7ideh~ (t&13). its 

well as their condensativc and dchydrativc cyclizttion to saccharidc bisf I .3.1- 
oxadiazolyl) dcrivativcs (19-24 and 2%31). 

RESI!L.‘lX AND DISCUSSIOS 

Gmdensation of 2.3.4.5tetra-O-acctylgalactaroyl dichloridr2” (I) with two 

equivalents of m-toluoylhydrazinc (2) in dry benzene gave a crystalline product in 

good yield. Elemental analysis of this product gave values corresponding to those 

ralculated for the molecular formula Cx,H3aNJ012. Hz<). and its infrared speclrum 

showed two Amide-I absorption bands, at 1710 and 1680 cm ‘. in addition to the 

NH and O-acctyl hands al 336X0 and 1760 cm ‘. rcspcctively. The ‘II-n.m.r. spec- 

trum of this product showed signals at 8 2.0X and 2. I2 (6 H, 2 CJI,Mr). 2.25 and 

2.60 (I2 II, 4 OAc). 7.15-X.1 (8 H , 2 C,H,). and 10.10 and IO.75 (dcutcratahle. 4 

H. 2 CONIC-NIICO). From these data, the condensation product was formulated 

as Z.~,j..i-tctra-O-acetylgalnctaric bis(,rz-toluoylhydrazidc) (8). A methanolic solu- 

tion of the bis(hydraeide) X gave a reddish-brown coloration with 3’:; mcthanolic 

ferric chloride solution. indicating that its hydrazido groups exhibit hydrazide-hy- 

drazidic acid tautomcrism. and could. therefore. exisl in eilhcr. ~VT both. of the 

lautomeric structures 14 and 17. 
‘l‘he his (hydrazidcs) 9-13 were similarly prepared by condensation of I with 

the corresponding eroylhydrazines (.F7). 
R 
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When 8 was heated with an excess of triethyl orthoformate in 1,4-dioxane, 

there was obtained a crystalline product having the molecular formula C3eH,,N,02 
which contains six carbon atoms (or two three-carbon fragments) more than the 
starting bis(hydrazide). The product gave no coloration with ferric chloride, indi- 
cating the loss of the four hydrazido protons of the parent bis(hydrazide) during its 
reaction with triethyl orthoformate; this was confirmed by the molecular absorp- 
tion spectrum of the product, which showed hands at 1770 (OAc), 1710 (OCN), 
and 1600 cm ’ (C=N), and lacked the amide-I and NH ahsorptions of the starting 
bis(hydrazide). These data showed that condcnsative cyclization of the bis(hy- 
drazidt-) 8 had taken place, to give either or both of the bis(l,3.4-oxadiazolinyl) de- 
rivatives (16 and 19) arising from the reaction of triethyl orthoformate with either 
or boLh of Ihe two possible: tautumeric forms 14 and 17. 
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Just as in the reaction with noncarbohydrate hydrazldes’“. cxh hydrazidc 

proton of the enolic form of 14 and 17 condenses with one molecule of tl-ietbyl OI-- 

thoformate, to give the respective, intermediate condensation-product (15 or 18). 

Subsequent elimination of one molecule of ethanol from each hydrezido group ot 

the condensation intermediate rehultx in heterocycli~ation. to afford each of the 

1.3.4-oxadiazoline rings of 16 or 19. The net result IS the formation of thz his{ 1 .3.-b 
oxadiazolin-3.yl) derivatives 16 or 19 from 14 or 17. resprctivcl~. thrclugh the intro- 

duction of two three-carbon fragments. 

Thin-layer- chromatography of the cyclization product in various systems 
showed that it contained only one component. This was, therefore. talien to signify 

that only one of the two cyclization products. 16 or 19. thcorcticaily possihlc was 

selectively formed. ‘[‘he ‘H-n.m r. spectrum ‘>f the product obtained showed sig- 

nals at S 1.13 (t> 6 II. 2 CH2Mr), l.hG2.50 (I8 H. 5 OAc + 2 (‘,H,Mc). 3.65 (cl. 
5 H, ?. Clr,Mc), 6.80 (s, 2 H, twc? c,x;,~liarolinr-ring~~line-ring pmtonc). :rncl 7.3IL7.80 (m. X 

H. 2 ChH,Me). The spectrum was devoid of the druteratablr, tour-proton signal?, 

of the hydrazido grumps. characteristic of thr parent bis(hyctra~idr). These data 

could be reconciled with both of the two cyclization products. I I and 18. theoreti- 

cally possible, and cannot distinguish between them. In a previous rep~rt’~ from 

this laboratory. 2,3,4,5-tetra-0.acetylgalactaric I.h-bis(hcnzoylhvdrazide) was 

similarly cyclized with tricthyl orthoformate. and the produci was unequvocalty US- 

signed the structure nt 3.3’.( Z.3.S.5.terra-C)-acetylgalactar-1 .h-dlo~l)-his(l-cthoxc- 

2,3-dihydro-5-phenyl- I .3.4-oxadiazolc), and not the altrrnat~vr structure throrctl- 

calty possible, narnrly. 1.2.3,4-telra-n-acclyl-I .4-l,is(3-t,rrlr~)yl-~-~ttl~)~y-’.3-cli- 

hydro-t .3.3-oxadiazol-S-yl)-Rnlacto-tetritol. ‘l’hia assignment wa> based on the 

mass-spectral fragmentation-pattern of the cycliration product. which slw~ed. in 

addition to the molecular ion at m/r 726, fragment 2.5 at m/z 535. Thih fragment 

would be expected only from the assigned structure. and not from the alternative. 

By analogy. therefore, the cyclization product of the bis(nr-toluoylhydrazide) 8 is 

assigned the structure of 3.3’-(2.3,4.5-tztra-O-acetylgalactar- I .h-dic,yl)-h&(2- 

ethoxy-2.3.dihydro-S-wz-tolyl-3.3.4-oxadiazolc) (IY). 

Thr his(hydl-azides) 9-~13 were 111~ cyclired with triethyl orthoiorrnatr. to 
give the corresponding 3.3’.(2.3.4,5-tctra-O-acct?-]errlacta~~l .h-dio~l)-hib(~-~lryl-~- 

cthoxy-2,3-dibydro-1..3.4-oxadiazolen) (20-24). 
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On heating with phosphoryl chloride, the bis(hydrazide) 8 gave a product 
whose elemental analysis agreed with the molecular formula C30H30N4010. This 
formula contains two fewer molecules of water than the parent bis(hydrazide) 8. 
The product gave no coloration with ferric chloride. suggesting the loss of the hyd- 
razido protons which enable the parent bis(hydrazidr) to form a characteristic col- 
oration with this reagent through the enolic form. This was corroborated by the in- 
frared spectrum of the product, which lacked CONH or NH absorption hands and 
showed only OAc and C=N absorptions, at 1760 and 1630 cm-‘, respectively. 
These data constituted evidence for the dehydrative cyclization of the bis(hyd- 
razide) 8 with phosphoryl chloride, to give 1,2,3,4-tetra-0-acetyl-1 ,bbis(m-tolyl- 
1,3,4-oxadiazol-2-yl)-galacto-tetritol(28). 



Grnrru~ r?zt~fiwrls. - Melting points were 

paratns and are uncorrected. Homogeneity 

checked by t.1.c. on plates preco:~ted with Mcrrck silica 

mm). used without pretreatment. The distance nt solve 
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Anal. Calc. for CZaHZ8C12N4012: C, 49.2; H, 4.1; N, 8.2. Found: C, 49.5; H, 

4.5; N, 8.5. 

2,3,4,5-Terra-0-acetylgalactaric bis(m-chlorobenzoylhydrazide) (10). - 
Compound 10 was prepared from 1 and (m-chlorobenzoyl)hydrazine (4) as de- 
scribed for the preparation of 8 (yield 81%); m.p. 25G254”; v5f.J 3380 (NH), 1765 
(OAc), 1710, 1680 (Amide-I), and 740 cm-’ (Ar); ‘H-n.m.r.: 6 2.1-2.6 (12 H, 4 
OAc), 7.33-8.00 (m, 8 H, 2 C,H,), and 10.33310.55 (4 H, 4 NH). 

Anal. Calc. for C28H28C12N40t2: C, 49.2; H, 4.1. Found: C, 49.6; H, 4.5. 
2,3,4,5-Tetrrr-0-acetylgaiactaric bis(p-bromobenzoylhydrazide) (11). - 

Compound 11 was prepared in 78% yield by the reaction of 1 with (p-bromoben- 
zoyl)hydrazine (5) as for the preparation of 8; m.p. 292”; z$,“: 3385 (NH), 1760 
(OAc), 1700, I680 (Amide-I), and 760 cm-’ (Ar). 

Anal. Calc. for C&HzXBrZN40t1 HaO: C, 42.6; H, 3.8; N, 7.1. Found: C, 
42.3; H, 3.9; N, 7.3. 

2,3,4,5-Terra-0-acetylgalactaric his(m-hromobenzoylhydrazide) (12). - 

Compound 12 was prepared in 72% yield by the condensation of 1 with (m-bromo- 
benzoyl)hydrazine (6) as described for the preparation of 8; m.p. 265-268”; Yang 
3385 (NH), 1760 (OAc), 1705, 1675 (Amide-l). and 740 cm-’ (Ar); ‘H-n.m.r.: 6 
1.9-2.3(12H,4OAc),7.3-8.2(m,8H,2C,H~).and10.3-10.52(4H,4NH). 

Anal. Calc. for C,,H,,Br,N,0t2: C, 43.5; H. 3.6; N, 7.3. Found: C, 43.0; H, 
3.8; N. 7.3. 

2,.$,4,.5-Terra-0-acetylgalactaric bis(p-nrtrobenzoylhydrazide) (13). - Com- 
pound 13 was prepared in 86% yield by condensation of 1 with (p-nitroben- 
zoyl)hydrazine (7) as described for the preparation of 8; m.p. 27&273”; v,“,yz 3285 
(NH), 1760 (OAc), 1700, 1660 (Amide-I). and 710 cm-’ (Ar); ‘II-n.m.r.: 6 1.9.- 
2.65 (12H,4OAc), 7.9-8,4S(m,EH,2C,H,),and 10.42-10.75(4H,4NH). 

Anal. Calc. for C,,H,,N,O,, . H,O: C, 46.5; H, 4.2; N. 11.6. Found: C, 
46.6; H, 4.7; N, 11.9. 

.~,.?‘-(2,.~,4,.5-Tetra-O-ucetyl~alactar-l,h-dioyl/-hioxy-2,3-dihydro-5-m- 

tolyf-1,3,4-ozadiazole) (19). ~ To compound 8 (1 8) in 1.4.dioxane (10 mL) was 
added triethyl orthoformate (5 mL), and the mixture was boiled under rcflux until 
complctc dissolution had occurred (-25 h). The mixture was cooled, and evapo- 
rated to dryness; the product crystallized from ethanol, tc give 0.9 g (77%) of 19; 
m.p. 21&215”; Y!$,‘: 1770 (OAc), 1710 (CON), 1600 (C=N), 1070 (C-O-C), 950 

(C-O), and 750 cm ’ (Ar); 6 1.13 (t. 6 H, 2 CH&‘e), 1.8552.0 (s, 3 II, C,H,Me), 
2.tk2.65 (12 11, 4 OAc), 3.65 (q, 4 H, 2 CXzMe), and 7.3-7.8 (m. 8 H, 2 C,H,). 
A solution of 19 in ethanol gave no coloration with 3% methanolic ferric chloride 
solution. 

Anal. Calc. for C,,H,,N,O,, . HZO: C, 56.0; H. 5.7; N. 7.3. Found: C, 56.1; 
H,5.7;N.7.8. 

3._3’ - (2,3,4,5 Terra- 0 -uwtylgulactur- I,6 dioyl) -bis[5- to-chlorq>henylJ -2- 

ethoxy-2.S.dihydro-I,.Z,4-oxadiazolej (20). - Compound 20 was prepared from 9 
as described for the preparation of 19 (yield 59%); m.p. 2OrC203”; ~$2: 1755 
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preparation of compound 28; m.p. 23&235”; &‘j: 1770 (OAc) and lOlCL950 cm-’ 
(oxadizaole rings). 

Anal. Calc. for C28H24Br2N4010: C, 45.7; H, 3.3; N, 7.6. Found: C, 45.6; H, 
3.8; N, 7.6. 

1,2,.~,4-Tetra-O-acetyl-1,4-bis[5-(m-bromuphenyl)-1,3,4-oxadiazol-2-yl~- 
galacto-tetritof (30). - Compound 30 was prepared in 70% yield from 12 as for the 
synthesis of 28: m.p. 280-283”; umax K+ 1720 (OAc) and 108CLlOlO cm-’ (oxadiazole 
rings). 

Anal. Calc. for CZ,H,,Br,N,O,,: C, 45.7; H, 3.3. Found: C, 46.2; H, 3.7. 
1,2,3,4-Tetra-O-acetyl-1,4-bis(5-(p-ni~rophenyl)-I,3,4-oxadiazol-2-yl]- 

galacto-tetritol(31). - Compound 31 was prepared in 80% yield from 13 as for the 
synlhesis of 28; m.p. 232-235”; u:F; 1760 (OAc) and 1020-1000 cm-’ (oxadiazole 
rings). 

Anal. Calc. for CzHH,,NhO,,: C, 50.3; H, 3.6. Found: C, 50.8: H, 3.X. 
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