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Rasemic diethyl-3-(hydroxymethyl)-3,6-dihydropyridazine-1,2-dicarboxylate was synthesized following
Diels-Alder reaction in the presence of achiral (2E)-penta-2,4-dien-1-ol and diethylazodicarboxylate.
Dienophile 4-phenyl-1,2,4-triazole-3,5-dione (PTAD)) was substituted for diethylazodicarboxylate.
Achiral (2E)-penta-2,4-dien-1-ol was obtained by repeating the literature procedure.Due to the two
bulky groups in the diethyl-3-(hydroxymethyl)-3,6-dihydropyridazine-1,2-dicarboxylate, the
duplication of peaks in the 'H and *C NMR spectrum was typical for some regions. C=C double
bond of the diethyl-3-(hydroxymethyl)-3,6 dihydropyridazine-1,2-dicarboxylate was oxidized in the
presence of OsO, and N-methylmorpholineN-oxide. It revealed that diethyl-3-(hydroxymethyl)-3,6-
dihydropyridazine-1,2-dicarboxylate subjected tocis-dihydroxylated, not trans-dihydroxylated.
Duplication of signals in the *H and **C IMR spectrums was observed in triol intermediate as well.
Based on a modified Bols’s protocol, 5-epi-1-azafagomine synthesized by cleavage of groups attached
to six-membered ring nitrogen atoms. The target compounds were obtained in good yields. Structures
of synthesized compounds approved by NMR, Mass, Infrared spectroscopies.
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INTRODUCTION

1-Azasugars are a series of synthetic
nitrogen-containing sugar analogues consisting
of a monosaccharide structure where the
anomeric carbon was replaced by a nitrogen
atom.The name 1-azasugar is used here rather
than the name iminosugar in accordance with
IUPAC nomenclature that recommends that
carbohydrates in which the ring-oxygen was
substituted with N be called iminosugars, and
those where a carbon was substituted with N be
called azasugars[1].

Interest in these compounds is based on
the discovery that many of them are potent
glycosidase inhibitors [2,3]. So far glycosidase
inhibitors were investigated as antidiabetic,
antiviral or antimetastatic agents, work which
resulted in the antidiabetes drug acarbose[4] and
the new antiinfluenza drug Zanamivir[5].

At present, the field of azafagomine is a
very exciting area of research because of
biological activity.

RESULTS AND DISCUSSION

The synthesis of homochiral 1-
azafagomine was accomplished by Bols and

coworkers through a synthetic sequence based
on the Diels-Alder cycloaddition to 4-phenyl-
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1,2,4-triazole-3,5-dione  (PTAD) to achiral
dienes: 2,4-pentadienocic acid, methyl 2,4-
pentadienoate and 2,4-pentadienol [2]. In this
article we report on new synthesis of 5-epi-1-
azafagomine through the modification [6] of
Bols protocol. 2,4-Pentadienol was obtained by

OH e}
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2,4-Pentadienol

E |

following the literature procedure [7]. Rasemic
cycloadduct (I) was obtained in a good yield by
a modification of this protocol, by changing the
dienophile/diethyl- azodicarboxylate instead of
4-phenyl-1,2,4-triazole-3,5-dione (PTAD).

HO

HO///,

Ho\\“

Synthesis of 5-epi-1-azafagomine (I11).

'H NMR spectrum of compound (I) showed
1:1ofrotamers A and B. In some regions of the
'H NMR spectrum there is the duplication of
peaks.”>C NMR spectrum shows either broad
peaks or duplication of signals for all
carbons.These phenomena are probably related
to the difficulty of nitrogen’s inversion due to
the two bulky groups attached thereto. It found
that diethyl-3-(hydroxymethyl)-3,6-dihydro-
pyridazine-1,2-dicarboxylate (Dcis-dihydro-
xylated with OsO4 in good vyield and total

selectivity, but not trans-dihydroxylated; in this
case the selectivity dropped to zero. cis-
Dihydroxylation of diethyl-3-(hydroxymethyl)-
3,6-dihydropyridazine-1,2-dicarboxylate 0]
with OsO, leads to triol (II). Duplication of
signalswere observed for triol intermediate in**C
and 'H NMR spectrum. Hydrazinolysis of the
urethane group furnished 5-epi-1-azafagomine
(1) in 81% vyield.The structure of the obtained
compounds was confirmed on the basis of IR,
'H NMR, *C NMR and HRMS (ESI) spectra.

EXPERIMENTAL PART

Solvents were distilled under anhydrous
conditions. All reagents were purchased and
used without further purification. Glassware was
dried prior to use. TLC plates (silica gel 60
F254) were visualized either at a UV lamp or in
l,. *"H NMR and **C NMR were run on a Bruker
Avance Il 400 spectrometers.(Measuring
frequency: 'H NMR= 400 MHz, “C NMR=
100.6 MHz) Infrared spectra were recorded on a
Bomem MB 104. Samples were run as oils of
thin films. Mass spectra were recorded on a
VG Autopsic Mass spectrometer.

l. Diethyl-3-(hydroxymethyl)-3,6-dihydro-
pyridazine-1,2-dicarboxylate
To a solution of 2,4-pentadienol 1.33 g (16.0

mmol) in dry toluene (10 ml) was added
diethyldiazodicarboxylate  7.30 ml (40% in
toluene, 16.0 mmol) under magnetic stirring at
rt. The stirring was continued for 24 h and the
solvent removed to give cycloadduct (I) as an
orange oil (4.32 g; 99%).

Il.  cis-Dihydroxylationofdiethyl-3-(hydroxyl-
methyl)-3,6-dihydropyridazine-
1,2dicarboxylate
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Cycloadduct (1) 1.85 g (7.17 mmol) was
dissolved in acetone (18.4 mL) and water (2.05
mL), N-methylmorpholineN-oxide (1.25 g; 9.30
mmol) was added followed by a solution of
OsO4 in water (4%; 0.76 mL; 0.12 mmol). The
mixture was stirred for 1 day at rt. The reaction
was quenched by addition of 5% agsoln
Na,S,03 (10 mL). The acetone was removed by
evaporation and the residue redissolved in
AcOEt, filtered through a pad of silica, washed

with AcOEt, and concentrated to give a yellow
oil (11) (2.00 g; 96%).

I11. Synthesis of 5-epi-1-azafagomine

Triol (I1) (1.40 g; 4.80 mmol) was dissolved in
hydrazine hydrate (82 mL) and heated at 100 °C
for 18 h. The solution was concentrated and the
crude  product subjected to  dry-flash
chromatography in EtOH/NH40H (25%) 99:1
giving pure (111) (0.57 g; 81%).

Table 1. Spectral analysis of I-111 compounds

IR spectra 3483, 1707 cm™

(Vmax) (1)

TH NMR&y 1.23-1.30 (12H, m, 4CHs, A+B), 2.58 (1H, br s, OH), 3.35 (1H, dd, J 12.3, 9.5 Hz, H-

(400 MHz, 30, A), 3.45 (1H, dd, J 12.0, 9.8 Hz, H-30, B), 3.56-3.69 (2H, m, 2H-3', A+B), 3.77

CDCl3) (1) (1H, dd, J 13.5, 4.3 Hz, H-6, A), 3.91 (1H, br s, H-6, B), 4.11-4.26 (8H, m, 4CH,,
A+B), 4.30 (1H, tdd, J 6.0, 3.9, 2.2 Hz, H-6, B), 4.34—4.44 (1H, m, H-6, A), 4.72 (2H,
brs, H-3, A+B), 5.66-5.88 (4H, m, H-4+H-5, A+B) ppm.

B5C NMR3¢ 14.3 (CHs, A), 14.4 (CHs, B), 42.2 (C-6, A), 43.6 (C-6, B), 55.9 (C-3, A), 56.9 (C-3,

(100 MHz, B), 61.9 (C-30, A+B), 62.6, 62.7, 62.8, 62.9 (CH,, A+B), 123.4, 124.2, 124,6, 125.2

CDCILy)(1) (C-4 or C-5, A+B), 154.9, 155.7, 156.2, 156.3 (C=0, A+B) ppm.

HRMS (ESI) Calculated : Cy;H;gN,NaOs, 281.1108; found: 281.1109.

(1

IR spectra 3419, 2983, 2937, 1698 cm™

(Vmax) (11)

THNMR &, 1.23-1.32 (12H, m, 4CHs,, A+B), 3.12 (1H, br d, J 10.8 Hz, H-6, A), 3.21 (1H, br d, J

(400 MHz, 10.8 Hz, H-6, B), 3.50 (2H, t, J 11.6 Hz, H-30, A), 3.62 (1H, d, J 8.0 Hz, H-30, B),

CDCl3) (11) 3.65-3.95 (4H, br s, H-4+H-5, A+B), 4.01 (2H, dd, J 13.2, 5.6 Hz, H-6, A), 4.10-4.25
(9H, m, H-6, B+4CH,, A+B), 4.52-4.64 (2H, br s, H-3, A+B) ppm.

B5C NMR3¢ 14.3, 14.4 (CH3, A,B), 44.0, 45.7 (C-6, AB), 58.4, 59.0 (C-3, A,B), 61.9, 62.8 (C-30,

(100 MHz, A,B), 63.0, 63.1 (2CH,, A or B), 63.2, 63.3 (2CH,, A or B), 64.0, 64.3 (C-4 or C-5,

CDCIL)(11) A,B), 66.4, 66.7 (C-4 or C-5, A,B), 155.2, 156.5 (C=0, A,B), 157.1, 157.3 (C=0, A,B)
ppm.

HRMS (ESI) Calculated: Ci1H»N>NaO; 315.1163; found: 315.1163

(11

'H NMR&y 3.00 (1H, d, J 14.4 Hz, H-6), 3.07 (1H, ddd, J 9.6, 6.4 e 3.2 Hz, H-3), 3.10 (1H, d, J

(300 MHz, 14.4 e 2.8 Hz, H-6), 3.64 (1H, dd, J 12.0 e 3.2 Hz, H-30), 3.67 (1H, d, J 6.4 Hz, H-4),

D,0) (111) 3.84 (1H, dd, J 12.0 e 2.8 Hz, H-30), 4.00 (1H, d, J 1.6 Hz, H-5) ppm.
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DIETIL-3-(HIDROKSIMETIL)-3,6-DIHIDROPIRIDAZIN-1,2-DIKARBOKSILAT OSASINDA 1-
AZAFAQOMININ SINTEZI

F.N. Axundova*, M.J. Alves**, E.Z. Hlseynov*, M.M. Qurbanova*
*Baki Doviat Universiteti

AZ 1148 Baki, Z Xolilov kig., 23; e-mail: fidan.axundova.88@mail.ru
**Minyu Universiteti, Braga, Portugaliya

Rasemik dietil-3-(hidroksimetil)-3,6-dihidropiridazin-1,2-dikarboksilat Dils-Alder reaksiyas: asasinda axiral
(2E)-penta-2,4-dien-1-ol vo dietilazodikarboksilat asasinda sintez edilmisdir. Axiral(2E)-penta-2,4-dien-1-ol
adabiyyata uygun olaraq sintez edilmisdir. Dietil-3-(hidroksimetil)-3,6-dihidropiridazin-1,2-dikarboksilata
birlagmis iki agir qrup sababindan *H and *C  NMR spektrinda piklorin ikilagmasi miisahids olunmusdur. N-
metilmorfolin N-oksid va OsO, istirakinda dietil-3-(hidroksimetil)-3,6-dihidropiridazin-1,2-dikarboksilat
birlagmasinda ikigat rabito C=C oksidlasdirilmisdir. Bu zaman miiayyan edilmisdir ki, OsO, addukt ila trans
deyil, cis-dihidroksillagi~. *H and *C  NMR spektrinda piklarin ikilagmasi triol intermediati tciin da geyda
alimr.Modifikasiya olunmus Bols reaksiyasi asasinda azota birlogmis qruplar konarlasdirilaraq 5-epi-1-
azafaqomin sintez olunmusdur. Sintez edilmis birlasmalorin quruluslar: Kitlo spektrometri, IQ va NMR
analiz metodlart ila tasdiq olunmugdur.

Acar sozlar:1-azafaqomin,Dils-Alder reaksiyasi, dietilazodikarboksilat
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CHHTE3 1-A3A®ATOMHHA HA OCHOBE JTHE THJI-3-(THJPOKCHMETHJT)-3,6-
JIATHIPOITHPHIA3HH-1,2- THKAPEOKCHIATA

@.H. Axynoosa , M. /[rnc. Ansec**, 3.3.I'yceiinos*, M.M. Kyp6anoea*

* baxunckuii I ocyoapcmeennulil Ynusepcumem
**
Yuusepcumem Munwio, bpaea, [lopmyeanus

Payemam ousmun-3-(2uopoxcumemun)-3,6-oucudoponupudasun-1,2-ouxkapboxcunama 6vii CUHMEIUPOBAH NO
peakyuu  JQuivca-Anvoepa 6  npucymcemeuu  axupanvrozo  (2E)-nenma-2,4-ouen-1-ona u
ousmunazoouxapookcurama. MHuenogun 4-penun-1,2,4-mpuazon-3,5-ouon (®TAJ) 6vin 3amenen Ha
ousmunazoouxapooxcunam (IAMH)). Axupanonoii (2E)-nenma-2,4-ouen-1-on 6vin nonyuen nosmoperuem
qumepamyphou memoouxu. M3-3a naauuus 08yx 00beMHLIX 2pynn 6 Oudsmui-3-(euopoxcumemui)-3,6-
Ouzudponupudasun-1,2-oukapboxcuname 6 nexomopvix obnacmsax "H u °C AMP cnexmpoe nabnodanoce
yosoenue nuxos. Kpammas C=C cea3v  ousmun-3-(cudpoxcumemun)-3,6-oucudponupudasun-1,2-
ouxapboxcurama 0viia OKUCIeHA 6 npucymcemeuu 0OSOs u  N-memumimopporunN-oxcuoa. bBvino
yemanogneno, umo 6 npucymemsuu  0OSOy  ousmun-3-(eudpoxcumemun)-3,6-oueudponupudazun-1,2-
OukapBokcunam noosepecs e mpawuc, d yuc-Oueudpoxcunuposanuio. Yoeoenue cuenanos "H u C SAMP
CHeKmpo8 makogice Habmooanocy u 0 mpuoin unmepmeouama. OCHOBAHHBIL HA MOOUPUUUPOBAHHOM
npomoxone bonca, 5-onu-1-azapazomun Ovin cunmesuposan omuenieHuem pynn, KOmopvle NPUcoeOUHeHbsl
K amomy aszoma wecmuunieHno2o yuxia. Llenegvie npoOdykmuvl Obiiu NOAYYEHbI 6 XOPOWUX BbIXOOAX.
Cmpykmypbl CUHME3UpOBANHBIX coedutnenuli Ovlau dokazanvl AMP, macc u UK cnexmpockonusmu.
Knrouesvie cnosa: asagpazomun,ousmunazoouxapooxcunam, peaxyus Juavca-Anvoepa, axupanvhoiii (2E)-
neuma-2,4-ouen-1-on
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