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Abstract

Cyclization of 1,2:3,4-d-isopropylidenea-p-galacte1,6-hexodialdo-1,5-pyranose
benzoylhydrazone using acetylating mixtures ledtaghe corresponding - and (%)-5-
phenyl-1,3,4-oxadiazoline derivatives. The samedidmns applied to the semicarbazone
produced the 5-methyl-1,3,4-oxadiazoline derivaigethe main compound, which is formed
with acetylating mixtures even at room temperatr&kay analysis and NMR techniques were
used to determine the stereochemistry of the ngmaetric centers
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Introduction

The synthesis of Blacyl-1,3,4-oxadiazolines is a well-known reactiand there is a lot of
information on this field, however in recent yette number of publications has increased due
to the great potential of this heterocyclic ringch®motherapeutic agetft.Nevertheless, some
aspects of heterocyclization reaction are not tusbwn.

Looking for new potential biological agents, we diad the differences between
heterocyclization of acylhydrazone and semicarbazobtained from protected carbohydrate
derivatives. Also, a hypothesis for their differéehavior is proposed.
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Results and Discussion

In this paper we analyzed the behavior of 1,2:3;@-@opropylidenea-p-galactol,6-
hexodialdo-1,5-pyranose benzoylhydrazorig &nd 1,2:3,4-dP-isopropylidenes-p-galacto
1,6-hexodialdo-1,5-pyranose semicarbazd)euqider acetylating conditions, in order to obtain
the corresponding Bl-acetyl-5-phenyl-2-[5-(1,2:3,4-dD-isopropylidenes-L-arabino-
pyranosyl)]-1,3,4-oxadiazolines)(and 3N-acetyl-5-methyl-2-[5-(1,2:3,4-dD-isopropylidene-
a-L-arabinopyranosyl)]-1,3,4-oxadiazoline$).(In Scheme 1, we show the acetylation reaction
and the obtained products.
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Scheme 1Synthesis of compourigland4.

Semicarbazone derivatiwas synthesized by reaction of 1,2:3,4adisopropylidenes-D-
galacto1,6-hexodialdo-1,5-pyranose with semicarbazidedahloride and sodium bicarbonate
in ethanolic solution. After removal of salts theide product was obtained as a syrup, which
crystallized from methanol. THe&! NMR analysis performed on the syrup indicated thare is
only one isomer, unlike benzoyl hydrazote which was synthesized as a mixtureaafi:syn
isomers in a 3:1 relationship. We performed a sirggystal x-ray diffraction analysis @fand
found ananti configuration for the C=N bond, but also presenéedeviation respect to the
expected zig-zag conformation. This orientatiothef carbonyl group relative to the N=C group
enables the formation of intermolecular hydrogemdsy contributing to the orderingf the
molecules and subsequent crystalliza(Bigure 1).
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Figure 1. Drawing of the crystal packing of compouad

Acetylation of compound using acetic anhydride in pyridine and reflwelged (R)- and
(29-3-N-acetyl-5-phenyl-2-[5-(1,2:3,4-db-isopropylidenea-L-arabinopyranosyl)]-1,3,4-
oxadiazolines3a and3b in a nearly 1:1 relationship. Once purified, tlempound with higher
Rf crystallized. After the X-ray analysis, we fouBdstereochemistry for the new asymmetric
center. (Figure 2).

Figure 2. Ellipsoid plots (40% probability level) of compadi2 and3b.
Both moleculesZ and3b) share their leftmost part (Figure 2, primed lapehnd thus have a

number of characteristics in common: in both units fused dioxolane cycles prevent the
pyranose ring from assuming a regular conformatiioexhibits instead a highly distorted twist-
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boat geometry clearly evidenced through the comsparof some selected torsion angles, viz.,
C2'-C3-C4’-C5’: 12.6(2)° 8b) or -3.8 @) (implying that the C2'-C3’ and C4’-C5’ bonds are
nearly eclipsed) vs. C2’-C1’-0O1’-C5": 41.3(2)° (8b), 47.4(2)° (in2) (showing that the C2'-
C1’ and O1'-C5’ bonds are far from coplanar).

The two five membered dioxolane rings exhibit imntelear envelope conformations with
“slap-atoms” O3’, 05’ in3b and O3’, C9’ in2 being 0.42(1), 0.35(1), 0.49(1) and 0.48(1) A,
respectively, away from the L.S. planes definedh®/remaining four atoms. Differences reside
in the rightmost part of the structures.

In the case o8b the 1,3,4-oxadiazoline ring is almost planar watily a slight puckering
into an envelope shape, atom C2 being 0.14(1) dydvom the plane defined by the remaining
four atoms (torsion angle N3-N4-C5-O1: 1.6(1)°Yhe terminal phenyl group appears rotated
around the C5-C6 bond by 13.0(1)°. The final moaledls up having six asymmetric carbon
centers, C1’, C2', C3, C4’, C2, C5'. The absolwenfiguration R at C1’, C2’ andS at the
remaining four asymmetric sites) was figured owirfrthe configuration of carbon centers of
known stereochemistry.

Since there are no active N-H or O-H donors in thelecule, no strong H-bonding
interactions exist in the structure. There is oalyveak non classical C4’-H4'...O1¢ontact
(H4'..01": 250 A, C4'..01% 3.264(4) A, C4-H4'..O1" 134° (i): 2-x, 1/2+y, 1-2)
generating a weakly linked chain which runs alonthbeaded by the monoclinic twofold screw
axis. Structure differs from3b in that there are no rings in this part of thedtre, while there
are active N-H donors giving raise to a strong ted4---H4A...03 (H4A...03": 2.05 A,
N4...03": 2.958 A, N4---H4A...0% 167°, (ii): -1/2+x,3/2-y,-z) generating a strondinked
chain, also threaded by a twofold screw axis time along a).

Compounds3a and3b were characterized spectroscopically, and a NOEg¥riment was
performed for3a. In this experiment, the most relevant cross memkelations were H4-H2(Het)
and —CH(C)-Ph, which confirmed theR2 stereochemistry for compourgh. The observed
correlations are depicted in Figure 3.
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Figure 3. Cross correlations found in the NOESY experinientompound3a.

When compoun@ was subjected to the same reaction conditionsylmetdiazolinesta (R)
and4b (S were obtained, although some byproducts were ddé$ected. In order to perform a
cleaner reaction, we carried out a microwave as$isynthesis, using the same reagents and
heating at 140 °C during 60 minutes and we obtaidadand 4b with better yields.
Stereochemistry of compounth and4b were determined by comparison with NMR data of
compoundsa and3b. Conditions, yields, an&:Srelationship for compoundsand4 are shown
on Table 1After 15 min of irradiation, we observed the formoatof both oxadiazolinegté and
4b) and the presence of a third compouBy Yhich disappears after 60 min of irradiationeTh
chromatographic behavior &fis similar to that observed for the main byprodofcthe thermal
treatment. Once isolated, compoundas identified as MN-acetyl-1,2:3,4-di©-isopropylidene-
a-D-galacte1,6-hexodialdo-1,5-pyranose semicarbazone.

Table 1. Conditions for synthesis of compourigland4, yield, andR:Srelationship.

Compound Method Heating Yield R:S

3aand3b Thermal 1h 94% 1.1:1
4aand4b Thermal 3h 52% 1.3:1
4aand4db  pwave 1h 68% 1:1.1

Hanget al®* proposed a mechanism for acylhydrazone cyclizatiartiwo different pathways,
the direct and the indirect one. This latter routeild generate the methyloxadiazoline as results
of prolonged heating. When we treated semicarba2ongéh acetic anhydride and pyridine at
reflux, the product of direct cyclization was nobserved and the main products were
methyloxadiazolines4@ and4b). When the same reaction was carried out at ranpérature,
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the formation of compoun8 and4b was observed within two hours of reaction. Aftéri& the
reaction was stopped and we could isolate the azatihe4b (6%) along with traces ofa,
compound5 (13%) and the unreacted compoufd(35%); meanwhileN2-acetyl orN2,N4-
diacetyl derivatives were not detected.

These results demonstrated that the formation elfiytexadiazoline could not be attributed
exclusively to the reaction temperature. UnderahmsditionsN4 would be the first acetylated
nitrogen, since it is not sterically hindered, giyi compound5. The proposed reaction
mechanisrh (Scheme 2) starts with 2 acylation, followed by a cyclization assistedadngetic
anhydride. Based on this hypothesis, we propodeifrebome ofN2 acetylation takes place, this
derivative @) can rearrange assisted by tHé electron pair, and undergo cyclization at low
temperature. If we assume that the mechanism islasimto the one proposed for
thiosemicarbazones cyclizatioria carbocation intermediatéhe result is the same.

R

H o) j CH; CH;

H 0 0:<<\ 0 0N
_/ ) N
>,N NH—/< + n_ ) NK)y — )

R CH; =N 2 H
5 R 6 R \FO
HyC
)kO)J\

Scheme 2Proposed cylization mechanism for semicarbazones

According to our previous experiences on cyclizatioof sterically hindered
thiosemicarbazones and acylhydrazchése stereochemistry of the molecule can rule ttie s
of attack of sulfur atom, but this influence wag nbserved for oxygenated derivatives. Other
authors reported that predominanceRadr S oxadiazoline isomer is a direct consequence of the
acylhydrazonesynanti relationship®’ but noR:S selectivity was observed for the oxadiazoline
derivative becaussyn andanti isomers can be equilibrated by temperature omptlesence of
acetic acid.

During cyclization of2 at room temperature, acetic anhydride with exoégsyridine was
used, so, isomerization @nti form of 2 could not take place, and the main heterocyclic
compound obtained wath. Taking into account that the starting materiakwasingle isomer
we can conclude that the preferential formatiodlmfs a consequence of the stereochemistry of
C=N bond on compoung. On the other hand, some calculations using mtdeenechanic,

Page 134 ®ARKAT-USA, Inc.



showed that compoundia is about 6 Kcal/mol more stable thdb, so4b must be a kinetic
product meanwhilda must be the thermodynamic one.

Conclusions

Taking into account our experimental results, wen @onclude that the cyclization of
benzoylhydrazond using acetic anhydride and pyridine at reflux,/deel 1,3,4-oxadiazoline
derivatives 8a and 3b) as a mixture ofsynanti isomers. Under the same conditions, the
semicarbazong yields the methyloxadiazoline instead of the pradaf direct cyclization. This
fact can be explained by the presence ofNHeelectron pair, which promotes the loss of the
carbamoyl group. Also, we performed the acetylabbrrompound at room temperature and
found that the cyclization takes place yieldingferentially 4b, which would be the kinetic
reaction product.

Experimental Section

General. Elemental analysis was performed on an Exetefyfinal CE-440 elemental analyzer.
Optical rotations were recorded at 20 °C on a ReBdmer 343 polarimetetH, *C NMR
spectra were recorded on solution of CP@t a Bruker AC-200 spectrometer, operating at 200,
50 MHz respectively; or a Bruker AMX-500 spectroaretoperating at 500, 125 MHz
respectively. Assignments of thel and**C NMR spectra were confirmed with the aid of two
dimensional techniquési, **C (COSY, HSQC).

Microwave-assisted synthesis was performed on atorAiraar Monowave 300 microwave
reactor with external surface sensor in a sealadtion vessel. Chromatographic purifications
were performed by flash column with Merck silical §0. The chemicals used in this work
purchased from Aldrich and were used without furfhgification.

X-ray data was collected on an Oxford Diffractiorer@ni CCD S Ultra single crystal
diffractometer using Mo Ka radiatioir € 0.71073 AY. A multi-scan absorption correction was
applied!® The structure was solved by direct methods anaedfby full-matrix least squares
against F2 using all datad.All non-H atoms were refined anisotropically, vehiH atoms were
located at idealized positions with their displaeaimparameters riding on the values of their
parent atoms. The general-purpose crystallographigram PLATON? was used for the
structure analysis and presentation of the resTifts.figures were drawn with XP.

1,2:3,4-Di-O-isopropylidene-a-b-galacto-1,6-hexodialdo-1,5-pyranose  semicarbazone (2).
To 1,2:3,4-diO-isopropylidenea-D-galactol,6-hexodialdo-1,5-pyranose 0.56 g (2.2 mmol)
dissolved in 25 mL of ethanol, semicarbazide hydimede (0.27 g, 2.4 mmol) and sodium
bicarbonate (0.20 g, 2.4 mmol) were added. Theurgxivas heated with magnetic stirring for 2
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hs, filtered to eliminate the salt and evaporafiesiresidue was suspended in dichloromethane,
filtered, evaporated and dissolved in methanol.nfithis solution crystallizes compouril
Colourless crystals, yield 75%, 0.520 mg; mp 223-2€; CCDC 894994; Rf: 0.42 in ethyl
acetate; ¢]p°°-1.5 € 0.95, CHCJ); *H NMR (500 MHz, CDC}) 8H 1.36, 1.37, 1.49, 1.58 (12
H, four s, -C(CH),), 4.34 (1H, dd3Ju 2.1 Hz, 33y 7.9 Hz, H-4), 4.36 (1H, ddJ.y 2.5 Hz,
334n 5.0 Hz, H-2), 4.39 (1H, ddJun 1.9 Hz,3Juy 6.0 Hz, H-5), 4.66 (1H, ddJuy 2.5 Hz,*Juy
7.9 Hz, H-3), 5.33 and 5.85 (2H, two broad s, -CONB.58 (1H, d ) 5.0 Hz, H-1), 8.95
(1H, s, -CONH-)*C NMR (125 MHz, CDCJ) 8C 24.3, 24.9, 25.9, 26.2 (-C(GH), 68.4 (C-5),
70.3 (C-2), 70.6 (C-3), 73.0 (C-4), 96.2 (C-1) B)8109.7 (-C(CH),), 141.1 (C-6), 157.4
(C=0); Anal. calcd. for &H21N30s: %C, 49.52; %H, 6.71; %N, 13.33. Found %C, 49%8{,
6.92; %N, 13.21.

General synthetic procedure for thermal cyclizationof compound 1 and 2.Compoundl
(0.352 g, 0.9 mmol) o2 (0.399 g, 1.3 mmol) were dissolved in pyridine5(2aL) and acetic
anhydride (2.5 mL). The resulting mixture was refld (see Table 1) and then was left to reach
room temperature. Once cold, some ethanol was aaltthe reaction medium was evaporated
at reduced pressure, giving a glassy residue. @sidue was purified using flash dry column on
Silicagel G with mixtures of cyclohexane/acetond abtained compound®a and3b or 4a and

4b.

(2R)-3-N-Acetyl-5-phenyl-2-[5-(1,2:3,4-diO-isopropylidene-a-L-arabinopyranosyl)]-1,3,4-
oxadiazoline 3a.Colorless syrup, Rf: 0.52 in 40% ethyl acetatdfdyexane; §]5>°0.82 ¢ 1.03,
CHCl); *H NMR (500 MHz, CDCJ) 8H 1.29 1.41, 1.48, 1.54 (12 H, four s, -C(§H 2.34
(3H, s, -NCOCH), 4.34 (1H, dd3J.y 2.6 and®Juy 4.9 Hz, H-2) 4.44 (1H, broad s, H-5), 4.55
(1H, dd,*Jun 2.0 Hz and®duy 7.8 Hz, H-4), 4.69 (1H, dd)un 2.6 Hz andfduy 7.8 Hz, H-3),
5.49 (1H, d3Jun 4.9 Hz, H-1), 6.43 (1H, broad s, HetH-23¢ NMR (125 MHz, CDG)) 8C
21.4 (-NCH), 24.9, 25.0, 25.9, 26.2 (-C(GH), 66.3 (C-5), 70.7 (C-2), 71.1 (C-3), 71.5 (C-4),
90.6 (HetC-2), 96.5 (C-1), 109.2, 110.2 (-C@# 124.7-131.3 (aromatics), 156.9 (C=N), 167.7
(C=0). Anal. calcd. for gH2N.07: %C, 60.28; %H, 6.26; %N, 6.69. Found %C, 59.98{,%
6.60; %N, 6.50.
(25)-3-N-Acetyl-5-phenyl-2-[5-(1,2:3,4-diO-isopropylidene-a-L-arabinopyranosyl)]-1,3,4-
oxadiazoline 3b White solid, mp 142-145 °C; CCDC 892324; Rf: .60 40% ethyl
acetate/cyclohexaney]p?° -1.51 € 0.84, CHC}); 'H NMR (500 MHz, CDC}) 8H 1.17, 1.26,
1.33, 1.57 (12 H, four s, -C(GMH), 2.35 (3H, s, -NCOCH), 4.31 (1H, broad ¢y 2.6 Hz, H-5)
4.36 (1H, dd3Ju 2.5, and®Juy 4.9 Hz, H-2), 4.37 (1H, dd)yy 1.8 Hz andlyy 6.4 Hz, H-4),
4.61 (1H, dd3Juy 2.4 Hz and®Jyy 7.8 Hz, H-3), 5.67 (1H, dJun 4.9 Hz, H-1), 6.52 (1H, d,
3Jun 4.3 Hz, HetH-2):*C NMR (125 MHz, CDG)) 8C 21.4 (-NCH), 24.3, 25.0, 25.9, 26.1
(-C(CHg)y), 65.5 (C-5), 70.0 (C-4), 71.0 (C-2 and C-3), F0(HletC-2), 96.8 (C-1), 109.2, 109.8
(-C(CHg),), 124.8-131.5 (aromatics), 157.4 (C=N), 168.4 (¢=Anal. calcd. for GH2sN,O7:
%C, 60.28; %H, 6.26; %N, 6.69. Found %C, 60.03; %H6; %N, 6.65.
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(2R)-3-N-Acetyl-5-methyl-2-[5-(1,2:3,4-diO-isopropylidene-a-L-arabinopyranosyl)]-1,3,4-
oxadiazoline 4a Light brown syrup, Rf: 0.32 in 40% ethyl acetaelohexane; ¢]o>°1.82 ¢
0.96, CHC}); 'H NMR (500 MHz, CDC}) 8H 1.30, 1.38, 1.48, 1.49 (12 H, four s, -C(:M
2.04 (3H, s, HetCH), 2.23 (3H, s, -NCOCH), 4.31 (1H, dd3J.y 2.0 Hz andJuy 1.0 Hz, H-5),
4.33 (1H, dd33un 2.6, and®Juy 5.0 Hz, H-2), 4.45 (1H, ddJyy 1.8 Hz anddyy 7.9 Hz, H-4),
4.64 (1H, dd33uy 2.4 Hz and®Juy 7.8 Hz, H-3), 5.52 (1H, ¢Juy 4.8 Hz, H-1), 6.24 (1H, d,
334n 1.0 Hz, HetH-2)*C NMR (50 MHz, CDCY) C 11.3 (HetCH), 21.3 (N-CH), 24.9, 25.0,
25.9 (-C(CH),), 66.3 (C-5), 70.8 (C-2), 71.0 (C-3), 71.5 (C40,0 (HetC-2), 96.5 (C-1), 109.3,
110.3 (-C(CH),), 157.3 (C=N), 167.3 (C=0). Anal. calcd. foreB24N207: %C, 53.92; %H,
6.79; %N, 7.86. Found %C, 53.85; %H, 6.82; %N, 7.77
(29)-3-N-Acetyl-5-methyl-2-[5-(1,2:3,4-diO-isopropylidene-a-L-arabinopyranosyl)]-1,3,4-
oxadiazoline 4b Light brown syrup, Rf: 0.45 in 40% ethyl acetayelohexane;]p*°-2.38 ¢
0.91, CHCY); *H NMR (500 MHz, CDCJ) 8H 1.32, 1.33, 1.47, 1.56 (12 H, four s, -C(§Hl
2.03 (3H, s, HetCh), 2.23 (3H, s, -NCOCH), 4.21 (1H, dd®J.y 1.6 and®Juy 4.0 Hz, H-5) 4.30
(1H, dd,*Jqy 1.6 and®Jyy 8.1, H-4), 4.32 (1H, ddJuy 2.4 Hz andJyy 4.8 Hz, H-2), 4.59 (1H,
dd, 3Jun 2.4 Hz and®Juy 8.1 Hz, H-3), 5.62 (1H, &)y 5.0 Hz, H-1), 6.30 (1H, ¢Juy 4.0 Hz,
HetH-2); *C NMR (200 MHz, CDGJ) 8C 11.5 (HetCH), 21.3 (-NCOCH), 24.3, 25.0, 25.9,
26.1 (-C(CHy),), 65.3 (C-5), 69.8 (C-4), 71.0 (C-2 and C-3), BEHetC-2), 96.8 (C-1), 109.2,
109.7 (-C(CH),), 157.9 (C=N), 167.9 (C=0). Anal. calcd. forgH,4N20;: %C, 53.92; %H,
6.79; %N, 7.86. Found %C, 53.79; %H, 6.86; %N, 7.65

Microwave-assisted synthesis of compounds 4a and.4Bompound2 (0.4245 g, 1.3 mmol)
were dissolved in pyridine (3.0 mL) in a microwaxessel and acetic anhydride (2.5 mL) was
added. The sealed vessel with the mixture was thedt&40 °C with stirring (900 rpm) and the
temperature was held for 60 min. Once cold, theun&was transferred to a round bottom flask,
some ethanol was added and the reaction mediunevegrated at reduced pressure, giving a
glassy residue. The residue was purified as destibeviously and compounda and4b were
obtained in a 68% yield (0.321 mg).
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