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ABSTRACT

Condensation of 2,3,4,5-tetra-O-acetylgalactaroyl dichloride with two equi-
valents of various aroylhydrazines gave the corresponding 2,3,4,5-tetra-O-acetyl-
galactaric bis(aroylhydrazides). Condensative and dehydrative 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-(?-acetyl-1,4-bis(5-aryl-
1,3,4-oxadiazol-2-yl)-galacto-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
carcinostatic®, anticonvulsive®, hypotensive®, hypoglycemic®, muscle-relaxant®,
amebicidal’, bactericidal®, fungicidal”, and leprostatic!'® agents. In industry, they
find application as scintillators'!, photoinitiators in electrophotography!?, and
fluorescent whiteners'®, Bis(1,3.4-oxadiazoles) have good thermal stability, and
are used in heat-transfer fluids'?. In agriculture, they are used as insecticides!>, in
combating unwanted vegetation'®, and in preventing mitrification of the soil'”.
These activities and applications inspired continuation of the work we
started'®?"~2% 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 1,3.4-oxadiazole
derivative was the oxidative cyclization of the acetates of aldehydo sugar aroyl-
hydrazones'®. Tronchet and Moskalyk used this approach for the synthesis of “in-
verted” C-nucleoside analogs containing 1.3,4-oxadiazole rings'®. A second ap-

*Sugar Oxadiazoles, Part V1. For Part V, sce ref. 1.
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proach was the dehydrative cyclization of aldaric bis(aroylhydrazide) acctates by
heating with phosphoryl chloride® or thionyl chloride®'. Continuing our
work'®20 2% on the synthesis, from saccharide aroylhydrazones and aroylhy-
druzides. of nitrogen heterocycles having saccharide chains, we now reporl the syn-
thesis of some new 2.3 3 5-tetra-QO-acetyl-galactaric hlx(.amvlhvdl dndn\ (8-13), as
o bist1.3.4-

o1l thain soandancative and dehudeative cvyelizs B
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oxadiazolyl) derivatives (19-24 and 28-31).
RESULTS AND DISCUSSION

Condensation of 2.3.4,5-tetra-()-acctylgalactaroyl dichloride®” (1) with two
equivalents of m-toluoylhydrazine (2) in dry benzene gave a crystalline product in
good yield. Elemental analysis of this product gave values corresponding to those
calculated for the molecular formula C3gH3N4O04; - H>O. and its infrared spectrum
showed two Amide-I absorption bands, at 1710 and 1680 cm "', in addition to the
NH and O-acctyl bands at 3360 and 1760 cm ', respectively. The 'TI-n.m.r. spec-
trum of this product showed signals at § 2.08 and 2.12 (6 H, 2 C.I1,Me). 2.25 and
2.60 (12 1, 4 OAc), 7.15-8.1 (8 H, 2 C H,). and 10.10 and 10.75 (deuteratable. 4
H. 2 CONII-NHCO). From these data, the condensation product was formulated
as 2.3,4.,5-tetra-O-acetylgalactaric bis(m-toluoythydrazide) (8). A methanalic solu-
tion of the bis(hydrazide) 8 gave a reddish-brown coloration with 3% methanolic
ferric chloride solution. indicating that its hydrazido groups e¢xhibit hydrazide-hy-
drazidic acid tautomerism. and could, therefore, exist in either. or both. of the
tautomeric structures 14 and 17.

The bis (hydrazides) 9-13 were similarly prepared by condensation of 1 with
the corresponding aroylhydrazines (3-7).
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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 C3H ,N4O5
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 bands at 1770 (OAc), 1710 (OCN),
and 1600 cm ' (C=N), and lacked the amide-I and NH absorptions of the starting
bis(hydrazide). These data showed that condensative cyclization of the bis(hy-
drazide) 8 had taken pluace, to give either or both of the bis(1,3,4-oxadiazolinyl) de-
rivatives (16 and 19) arising from the reaction of triethyl orthotormate with either
or both of the two possible tautomeric forms 14 and 17.
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Just as in the reaction with noncarbohydrate hydrazides™. cach hydrazido
proton of the enolic form of 14 and 17 condenses with one molecule of tricthyl or-
thoformate, to give the respective, intermediate condensation-product (15 or 18).
Subsequent elimination of one molecule of ethanol trom cach hydrazido group of
the condensation intermediate results in heterocyclization, to afford each of the
1.3.4-oxadiazoline rings of 16 or 19. The net result 1s the formation of the bis(1.,3.4-
oxadiazolin-3-yl) derivatives 16 or 19 from 14 or 17, respectively. through 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. taken to signify
that only one of the two cyclization products. 16 or 19, thcorctically possible was
selectively formed. The 'H-n.m.r. spectrum of the product obtained showed sig-
nals at 6 1.13 (t, 6 H. 2 CH,Me), 1.66-2.50 (18 H. 4+ OAc + 2 C . H Me), 3.65 (4.
4 H, 2 CH:Me), 6.80 (s, 2 H, two oxadiazoline-ring protons), and 7.30-7.80 (m. &
H. 2 CoH;3Me). The spectrum wasg devoid of the deuteratable, tour-proton signals
of the hydrazido groups. characteristic of the parent bis(hydrazide). These data
could be reconciled with both of the two cyclization products, 11 and I8, theoreti-
cally possible, and cannot distinguish between them. In a previous report™ from
this laboratory, 2.3.4.5-tetra-QO-acetylgalactaric 1.6-bis(benzoylhvdrazide) was
similarly cychized with triethyl orthoformate. and the product was unequivocally as-
signed the structurce ot 3.3°-(2,3.4,5-tetra-O-acctylgalactar-1.6-dioy}-bis( 2-cthoxy-
2,3-dihydro-5-phenyl- | 3. 4-oxadiazole), and not the alternative structure theoreti-
cally possible, namely. 1.2.3 4-tetra-O-acetyl-1.4-bis(3-benzoyl-2-ethoxy-2,3-di-
hydro-1.3.4-oxadiazol-5-yl)-galacto-tetritol. 'This assignment was based on the
mass-spectral fragmentation-pattern of the cyclization product, which showed. in

Ph
o—(
g

EFtC-

=0

€

N
|
<
éuoaoa
l

. g—

25

addition to thc molecular ion at m/z 726, fragment 25 at m/z 535. This fragment
would be expected only from the assigned structure. and not from the alternative.
By analogy, therefore, the cyclization product of the bis(m-toluoylhydrazide) 8 is
assigned the structure of 3.3'-(2.3.4.5-tetra-Q-acetylgalactar-1.6-dioyl)-bis(2-
ethoxy-2,3-dihydro-5-m-tolyl-1.3.4-0xadiazolc) (19).

The bis(hydrazides) 9-13 were also cyclized with triethyl orthoformate. to
give the corresponding 3,3'-(2.3.4,5-tetra-(J-acetylgalactar-1.6-diovl)-bis(5-aryl-2-
cthoxy-2,3-dihydro-1.3.4-oxadiazoles) (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 C3;oH3oN4O. 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(hydrazide) 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 bands 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-O-acetyl-1,4-bis(m-tolyl-
1,3,4-oxadiazol-2-yl)-galacto-tetritol (28).
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In this case, each 1,3, 4-oxadizole ring is formed through the reaction of the
hydrazidic acid residue (enolized hydrazido residue) of either 14 or 17. or both,
with phosphoryl chloride . to give cither hydrazidoy! chloride intermediate 26 or 27,
or both. Nucleophilic attack of the oxygen atom of the hydrazido carbonyvl on the
carbon atom of the hydrazidoy] chlonide of either 26 or 27. or both, with concomit-
ant elimination of a molecule of hydrogen chloride results in heterocyelization, to
give the bis(1.3 4-oxadiazol-2-yl) dervative (28).

Similar dehydrative cyclization of the bis(hvdrazides) 8 and 11-13 by heating,
with phosphoryl chloride gave the corresponding 1.2 3. 4-tetra-O-acetyl-1.4-bis(5-
aryl-1.3 4-oxadiazol-2-yl}-galacto-tetntols (28-31).

The saccharide 1.3 4-oxadiazohne (19-294) and 1.3 4-oxadiazole (28--31) de-
rivatives preparcd arc interesting from the poimnt of view of being capable of various
ring transformations into now tvpes of saccharnde heterocyelic compounds

LXPERIMENTAL

General methods. — Melting points were determined with a Kofler-block ap-
paratus and are uncorrected. Homogeneity of the compounds prepared wuas
checked by t.1.c. on plates precoated with Merck silica gel G (layer thickness (.25
mm). used without pretreatment. The distance of solvent travel was 5 o, and the
spots were detected with 1odine vapor or by spraying with 20% sulfuric acid fol-
lowed by heating the chromatograms on a hot plate for a few minutes. L.r. spectra
were recorded, for potassium bromide dises, with a Unicam SP-1025 spec-
trophotometer. and  'H-n.m.r. spectra were  recorded.  for  solutions  in
deuteriopyridine containing tetramcethylsilane as the mnternal standard. waith a Van-
an EM-390 spectrometer; chermeal shifis are given on the 8 scale. Microanalyss
was performed in the Chemisstry Department, Faculty of Science. Caire University,
Cairo. Egapt.

2,3, 4. 5-Tetra-O-acetvigalactaric bisim-toluoylhydrazide) (8). — To a solution
of 2.3.4.5tetra-O-acetylgalactaroyl dichloride”™” (1: 1 g) in dry benzene (150 ml.)
was added a solution of m-toluoyvlhydrazine (2; 0.7 g) in the sume solvent (50 mL),
and the mixture was heated for 20 min at 1007, and cooled to room temperature:
and the product that scparated was filtered off. washed with ethanot, and recrystal-
lized from 1. 4-dioxane. to give 1 g (677 ) of 8. m.p. 258-263°: p#h17 3360 (NI,
1760 (OACc). 1710, 1680 (Amude-1), and 745 em ' (Ar): '"H-n.m.r.: 8§ 2.25-2.00 (12
H., 4 OAc), 2.08 and 2,12 (6 H, 2 C,H Me), 7.15-7.75 (m. 8 H., 2 C,H M), and
10,10 and 10.20 (4 H., 2 CONH-NHC)., A solution ot 8 in pyridine gave a red-
dish-brown coloration with 377 methanolic ferric chloride solution.

Anal. Cale. for CyHuNJO |, - H-O: O, 54.5: H, 5.5 N, 8.5 Found: €, 54.5;
H,51:N.8.7.

2,3, 4.5-Fetra-O-acetylgalactaric bisfo-chlorobenzoylhvdrazide) (9). — Com-
pound 9 was preparced trom 1 and (e-chlorobenzoyljhydrazine (3) as described for
the preparation of 8 (vield 73% ) mup. 245-248%; #5BY 3380 (NH). 1770 (OAC).
1710, 1685 (Amide-T). and 750 cm ~ ' (AT).
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Anal. Calc. for C3H3CILN,Oy,: C,49.2; H, 4.1; N, 8.2. Found: C, 49.5; H,
4.5; N, 8.5.

2,3,4,5-Tetra-O-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. 250-254°; »XBr 3380 (NH), 1765
(OACc), 1710, 1680 (Amide-T), and 740 cm~' (Ar); 'H-n.m.r.: 5 2.1-2.6 (12 H, 4
0OAc). 7.33-8.00 (m, 8 H, 2 C4H,), and 10.33-10.55 (4 H, 4 NH).

Anal. Calc. for CygHpgCI,NO15: C,49.2; H, 4.1. Found: C,49.6; H, 4.5.

2,3,4,5-Tetra-O-acetylgalactaric  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°; »{47 3385 (NH), 1760
(OAC), 1700, 1680 (Amide-T), and 760 cm ™' (Ar).

Anal. Calc. for Co,gH>3BraN4O> - H2O: C, 42.6; H, 3.8, N, 7.1. Found: C,
42.3; H,3.9; N, 7.3.

2,3,4,5-Tetra-O-acetylgalactaric bis(m-bromobenzoylhydrazide) (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°; vKBr
3385 (NH). 1760 (OAc), 1705, 1675 (Amide-T). and 740 cm™' (Ar); '"H-n.m.r.: §
1.9-2.3 (12 H, 4 OAc), 7.3-8.2 (m, 8 H, 2 C4H,4), and 10.3-10.52 (4 H, 4 NH).

Anal. Calc. for C;3H,4Br,N,O,,: C,43.5; H, 3.6; N, 7.3. Found: C, 43.0; H,
3.8;N,7.3.

2,3,4,5-Tetra-O-acetylgalactaric bis(p-nitrobenzoylhydrazide) (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. 270-273°; »XKBr 3285
(NH), 1760 (OAc), 1700, 1660 (Amide-I), and 710 cm ' (Ar); '"H-n.m.r.: § 1.9~
2.65(12H,4 0OAc), 7.9-8.45(m, 8 H, 2 C,H,), and 10.42-10.75 (4 H, 4 NH).

Anal. Calc. for C3;sH3xNgO 4 - HO: C, 46.5; H, 4.2; N. 11.6. Found: C,
46.6; H,4.7; N, 11.9.

3,3'-(2,3,4,5-Tetra-O-acetylgalactar-1,6-dioyl)-bis(2-ethoxy-2,3-dihydro-5-m-
tolyl-1,3,4-0zadiazole) (19). — To compound 8 (1 g) in 1,4-dioxane (10 mL) was
added triethyl orthoformate (5 mL), and the mixture was boiled undcr reflux until
complete dissolution had occurred (~25 h). The mixture was cooled, and evapo-
rated to dryness; the product crystallized from ethanol, to give 0.9 g (77%) of 19;
m.p. 210-215° »KB7 1770 (OAc), 1710 (CON), 1600 (C=N), 1070 (C—O-C), 950
(C-0),and 750 cm ! (Ar); 6 1.13 (t, 6 H, 2 CH,Me), 1.85-2.0 (s, 3 H, CeHiMe),
2.0-2.65 (12 H, 4 OAC), 3.65 (q. 4 H, 2 CH-Me), and 7.3-7.8 (m, 8 H, 2 CgHy).
A solution of 19 in ethanol gave no coloration with 3% methanolic ferric chioride
solution.

Anal. Calc. for C3,H,.N,O,, - H,O: 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- Tetra- O -acetylgalactar- 1,6 - dioyl) - bis{5 - (o -chlorophenyl) - 2-
ethoxy-2,3-dihydro-1,3,4-oxadiazole] (20). — Compound 20 was prepared from 9
as described for the preparation of 19 (yield 59%); m.p. 200-203°; I 1755
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(OQAc). 1710 (CON). 1625 (C=N), 1090 (C-0-C). 1015 (C-0). and 700 cm !
(ATr).

Anal. Calc. for C i H4ClaNJOy,: CL51.3; HL 4.5, Found: C, 51.0; H, 4.5,

3.3'-(2,3.4.5- Tetra-O-acetvigalactar- 1,6 -dioyl) - bis{5-tm-chlorophenyl) - 2-
ethoxy-2,3-dihvdro-1,3,4-0xadiazole] (21) — Compound 21 was prepared in 686
yield from 10 as described for the preparation of 19; m.p. 239 .242°; KB 1765
(OAC). 1710 (CON). 1600 (C=N). 1090 {C-O-C), 950 (C-Q). and 750 cm ' (Ar).

Anal. Cale. for CoyHz,Cl.N,Oyy - HAO: C, 50.2: H, 4.7: N, 6.9. Found: C,
S0.2: H,5.1: N, 6.9,

3,3 -(2,3,4,5-Terra- O -acetvigalaciar- 1,6 -diovl) - bis[5 - (p- bromophenyi) - 2-
ethoxy-2,3-dihvdro-1,3,4-oxadiazole] (22). — Compound 22 was prepared in 797
yield from 11 as described for the preparation of compound 19: m.p. 270°: #hBr
1760 (QAc), 1700 (CON). 1595 (C=N), 1090 (C-O—C). 1045 (C-O). and 760 cm !
(Ar).

Anal. Cale. for CadTi BraNJO, 4 C. 46.2: H . 4.1: N, 6 2. TFound: C. 46.1: H.
4. 1:N.6.7.

3.3"-(2,3.4.5-Tetra- O -acetyigulactur- 1,6 -dioyl) - bisfS-(m-bromophenyl) - 2-
ethoxy-2,3-dihvdro-1,3,4-oxadiazole] (23). — Compound 23 was prepared in 71¢¢
yield from 12 as described for the preparation of compound 19; m.p. 190-195%; phYr
1760 (OACc), 1705 (CON), 1630 (C=N), 1090 (C-O—-C). 1045 (C-Q), and 760 cm !
(Ar); '"H-num.r.: & 1.2 (t. 6 H. 2 CH.Me). 1.7-2.65 (12 H. 4 OAc). 3.73 (4. 4 H.
C#>Me), and 7.3-8.2 (m, 8 H, 2 C H,).

Anal. Cale. for C3HBraN,O, - H,O: C. 44.4: H. 4.4: N. 6.1. Found: C.
43.8; H.3.8: N.6.6.

3,3°-(2,3,4,5-Tetra-O-acetyvlgalactar-1,6-dioyl) - bis{2-ethoxy- 2, 3-dihydro -5-
(p-nitrophenyi)-1,3.4-oxadiuzole] (24). — Compound 24 was prepared in 78
yield from 13 as described for the preparation of compound 19; m.p. 195-198°; phBr
1750 (OACc). 1665 (CON), 1600 (C=N), 1070 (C=Q-C), 1015 (C-O), and 750 ¢m !
(Ar).

Anal. Calc. for C3yH3,.BraN,O,«: C, 50.0; H, 1.4; N, 10.3. Found: C, 49.8;
. 4.8: N, 10.2.

1.2,3,4-Tetra-O-acetyl-1,4-bis(5-m-tolvl-1,3, 4-oxudiazol-2-yl)-galacto-retritol
(28). .- A mixture of 8 (0.5 g) and phosphoryl chloride (5 mL) was bailed under
reflux until complete dissolution occurred (15 min), cooled to room temperature,
pourcd into cold, saturated sodium hydrogencarbonate solution (100 mL). and ex-
lracted with chloroform (4 x 50 mL.). The extracts were combined. washed with
water (5 x 50 mL), dricd (Na,SO,). and evaporated. The praduct crystallized trom
methanol. to give 28 (0.3 g, 754 ): m.p. 205-208°%; K5 1760 (OAC) and 955 930
cm ! (oxadiazole ring).

Anal. Cale. for CyyHy N3O C, 59,4 H.5,0: N. 9.2, Found: €. 59 2; H.5.0:
N.9.0.

1,2,3.4-Tetra- O-aceryl-1,4-bus [5- (p-bromophenyl) - 1,3, 4-oxadiuzol -2 -v1] -
galacto-territol (29). — Compaound 29 was prepared in 807 vield from 11 as for the
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preparation of compound 28; m.p. 230-235°% 5% 1770 (OAc) and 1010950 cm ™!
(oxadizaole rings).

Anal. Calc. for CogH54BroNsOqg: C, 45.7; H, 3.3; N, 7.6. Found: C, 45.6; H,
3.8;N,7.6.

1,2,3,4-Tetra-O-acetyl-1,4-bis[5-(m-bromophenyl)-1,3,4-oxadiazol-2-yl]-
galacto-retritol (30). — Compound 30 was prepared in 70% yield from 12 as for the
synthesis of 28; m.p. 280-283°; ©KBr 1720 (OAc) and 1080-1010 cm ™! (oxadiazole
Tings).

Anal. Calc. for Co4HoyBr,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-nitrophenyl) - 1,3,4-oxadiazol-2 - yl] -
galacto-retritol (31). — Compound 31 was prepared in 80% yield from 13 as for the
synthesis of 28; m.p. 232-235%; 527 1760 (OAc) and 1020-1000 cm ™' (oxadiazole
rings).

Anal. Calc. for C,3H4NO14: C, 50.3; H, 3.6. Found: C, 50.8: H, 3.8.
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