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A new synthetic approach to the 1,2,5-oxadiazine ring
system is described. 2-Substituted or 2,4-disubstituted
2H-1,2,5-oxadiazine-3,6(4H,5H)-dione derivatives 4 were
prepared by cyclisation of hydroxamic acids 3 derived
from N-(1-benzotriazolylcarbonyl)-amino acids 1. The
structures of the synthesised compounds were fully
characterised by IR, 'H and 3C NMR spectroscopy and
elemental analysis. The aim of this study was to evaluate
biological activity of the newly synthesised oxadiazine
derivatives. Cytotoxic and cytostatic activities were
tested on two cell lines (HelLa and GMK) and evaluated
by MTT-test. Two human DNA viruses (adenovirus 7
and herpesvirus 1) and two human RNA viruses (coxsa-
ckievirus B5 and echovirus 7) were used in the antiviral
test. Selected biological studies indicated that 2-phenyl-
-2H-1,2,5-oxadiazine-3,6(4H 5H)-dione (4a) and 4-ben-
zyl-2-phenyl-2H-1,2,5-oxadiazine-3,6(4H,5H)-dione  (4c)
statistically significantly inhibited cell growth. A minor
antiviral effect was observed upon adenovirus, herpesvi-
rus and enteroviruses.

Keywords: 1,2 5-oxadiazine derivatives, synthesis, cytoto-
xic effect, cytostatic effect, antiviral activity, cytopathic
effect

Oxadiazines are interesting and promising heterocyclic compounds. A diversity of
biological effects is associated with oxadiazines bearing heteroatoms at 1,2,4 or 1,34 po-
sitions. 6H-1,2,4-oxadiazine-3,5-(2H,4H)-dione, the 6-oxa analogue of uracil, has been
shown to significantly inhibit growth in several bacterial strains while not being highly
inhibitory to mammalian cells (1). 1,3,4-Oxadiazine derivatives exhibit cardiovascular,
antibacterial, plant growth regulating, miticidal and nematocidal, acricidal, insecticidal
and anticonvulsive activities (2, 3). In addition, oxadiazines are useful intermediates in
the synthesis of tenidap prodrugs or B-lactam antibiotics, in particular in the synthesis

of carbapenems and penems (4, 5).
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On the other hand, 1,2,5-oxadiazines are not very common heterocyclic systems. A
comprehensive review of their synthesis and reactivity has been reported by Smalley (6).
The promising therapeutic potential of this class of compounds prompted us to synthe-
sise and biologically screen several 1,2,5-oxadiazine derivatives. Our synthetic approach
involves hydroxamic acids as the starting compounds, which themselves have been of
multifold biclogical and pharmacological interest (7-9).

Herein we present a new synthetic approach to 1,2,5-oxadiazines derivates and
their biological activity on mammalian cells. Furthermore, their antiviral activity against
adenoviruses, herpes viruses and enteroviruses was investigated.

EXPERIMENTAL

Materials and analytical methods

Melting points were determined on a Boétius Microheating Stage (Franz Kiistner
Nachf. KG, Germany) and were uncorrected. IR spectra were recorded on a FTIR Perkin
Elmer Paragon 500 spectrometer (Perkin Elmer, UK). 'H and 13C NMR spectra were re-
corded on a Varian Gemini 300 spectrometer (Varian, USA), operating at 300 and 75.5
MHz for the TH and 3C nuclei, respectively. Samples were measured in DMSO-d, solu-
tions at 20 °C in 5 mm NMR tubes. Chemical shifts (§) in ppm were referred to TMS.
Coupling constants (J) in Hz, were observed through three bonds.

For TLC, silica gel plates Kieselgel 60 Fps4 (Merck, Germany) and the following sol-
vent mixtures were used: cyclohexane/ethyl acetate/methanol (3:1:0.3), cyclohe-
xane/ethyl acetate (1:1), chloroform/methanol (9:1). Spots were visualised by short-wave
UV light and iodine vapour. Column chromatography was performed on silica gel
(Kemika, Croatia), 0.063-0.200 mm, with dichloromethane/methanol {9:1) or cyclohe-
xane/ethyl acetate (1:1) as eluent.

Amino acids were purchased from Kemika (Croatia). N-Phenylhydroxylamine was
prepared by reduction of nitrosobenzene with L-ascorbate (11). All solvents were of ana-
lytical grade purity and were dried prior to use.

Syntheses

N-(1-benzotriazolylearbonyl)-amino acids (N-Btc-amino acids, 1a-c). = N-Btc-glycine (1a),
N-Btc-L-alanine (1b) and N-Btc-L-phenylalanine (1c¢) were synthesised following the
procedure published previously (12).

N-(I-benzotriazolylcarbonyl)-amino acid chlorides (2a-c). — Chlorides 2 were prepared
from N-Btc-amino acids 1a-¢ and thionyl chloride (13).

Hydroxamic acids 3a-c. - To a suspension (2a) or solution (2b,c) of 3-5 mmol chloride
2 in 55-80 mL cold toluene (0 °C), a solution of 3-5 mmol N-phenylhydroxylamine
(PHA) in 45-75 mL toluene and a solution of 5.5 mmol N-methylmorpholine (MM) in 30
mL toluene were added simultaneously and dropwise. The reaction mixture was stirred
at room temperature for 3-24 h.

Product 3a partially precipitated from the reaction mixture, together with MM hy-
drochloride. The precipitate was filtered off and dissolved in a water/ethyl acetate mix-
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ture. The organic layer was extracted with water, twice with cold 1% HCI solution and
twice with water, then dried over anhydrous sodium sulphate, filtered and evaporated
to give 0.525 g (35%) of 3a. An additional amount (0.315 g, 21%) of 3a was isolated from
toluene mother liquor by an analogous extraction procedure.

Products 3b and 3¢ were isolated as follows. The reaction mixture was extracted
with water, three times with 1% HCI solution and two times with water. The organic
layer was dried over anhydrous sodium sulphate, filtered and evaporated under reduced
pressure. The analytically pure 3b was obtained by purification on silica gel column
{eluent: dichloromethane/methanol 9:1) and additional trituration with ethyl acetate
and cyclohexane. Pure product 3¢ was obtained by recrystallisation with ether/cyclo-
hexane mixture.

1,2,5-Oxadiazine-3,6-dione derivatives (4a,c). — To a solution of 1.6 mmol of hydroxamic
acid 3a or 3¢ in 130 mL acetone, 5 mL of 10% solution of sodium carbonate was added.
The reaction mixture was stirred at room temperature for 2.5 h. Precipitated inorganic
salt was filtered off and the mother liquor was evaporated. The residue was dissolved in
dichloromethane and extracted twice with cold 1% HCI solution and twice with water.
The organic layer was dried over anhydrous sodium sulphate, filtered and evaporated
under reduced pressure. Products 4a and 4c were purified by column chromatography
(eluent: cyclohexane/ethyl acetate 1:1).

Cell lines

Green monkey kidney cells (GMK; ATCC CCL-26, USA) and human cervical carci-
noma cells (HelL.a; ATCC CCL-2, USA) were used. Monolayer cell cultures were grown
in a modified eagle medium (DMEM; Dulbecco minimum essential medium, Difco, USA)
supplemented with 10% inactivated foetal calf serum (FS; Gibco BRL, UK), 2 mmo] L-1
L-glutamine, 10 mmol L-! Hepes (pH 7.4) and antibiotics (100 U mL-! penicillin, 100
mg mL-1 streptomycin), and were incubated at 37 °C and 5% of CO,.

MTT-test

MTT-test was used to measure the mitochondrial activity in cells (14). When added,
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium bromide (MTT) formed forma-
zane crystals in live cells and cells in an early apoptosis cycle (programmed cell death).
Formazane crystals dissolved when dimetyl sulphoxide (DMSO) was added. This en-
abled the spectrophotometric reading at 570 nm. According to the MTT-test results, it
was possible to determine if a tested compound acted as a cytotoxic agent, cytostatic
agent or if it stimulated cell growth. The tested compound had a cytotoxic effect on cells
{CT) if spectrophotometric values after 72 h of incubation were below the initial control
values measured after 24 h of incubation. Values at 72 h of incubation below the control
values measured after 72 h of incubation indicated the inhibitory effect (IC) of cell
growth, ie, cytostatic effect, whereas values at 72 h of incubation higher than control
values measured after 72 h of incubation meant that the tested compound stimulated
cell growth (proliferative effect).

Acyclovir (Ac) was used as a positive control compound at the same concentrations
as 4a and 4c. Each compound was dissolved in DMSO to produce 0.1 mol L-1 solution
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and further diluted in DMEM to concentrations of 10~ mol L1 (c;), 10-> mol L1 (¢y) and
10-6 mol L1 (c3). The final concentration of DMSO in different dilutions of compounds
was less than 0.1% and at that concentrations it did not influence the cell growth.

Antiviral assay

Five different viral titres (V-1 to V-5, relative titres) obtained by serial dilution (1:2
for adenovirus and herpesvirus, and 1:10 for enteroviruses) were used to test the inhibi-
tion of the cytopathic effect (CPE) (15). HeLa and GMK cells were seeded at 105 cells per
mL on 24-well microtitre plates (Becton Dickinson, USA). Viral infection was performed
on one-day-old confluent cell monolayers with addition of the tested compounds at dif-
ferent concentrations. The CPE was followed by an optical microscope 24 h after infec-
tion for enteroviruses (coxsackievirus and echovirus) and 48 h for adenovirus and her-
pesvirus. The CPE of enteroviruses was observed on GMK cells, while CPE of adeno-
virus and herpesvirus was observed on HeLa cells (10).

Statistics

The results are shown as the percentage of CPE inhibition compared to CPE without
compounds on each plate. The results were statistically analysed on a personal com-
puter by ANOVA test and shown graphically. The criteria for statistical significance was
p < 0.05. The concentration values that inhibit 50% of cell growth (ICsg) were calculated
using the linear regression model.

RESULTS AND DISCUSSION

Syntheses

The starting compounds for the synthesis of hydroxamic acids 3 were N-Btc-amino
acids (1a-c). They were prepared from the appropriate amino acids and 1-benzotriazole
carboxylic acid chloride and converted into the corresponding chlorides 2 by means of
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OH Cl
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3a-c 421,(3

Scheme 1
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thionyl chloride (12, 13). In the next reaction step, acyl chlorides 2 reacted with N-phe-
nylhydroxylamine and gave the following hydroxamic acids: N'-hydroxy-N’-phenyl-
-N-Btc-glycine amide (3a), N'-hydroxy-N"-phenyl-N-Btc-L-alanine amide (3b), and N'-
-hydroxy-N'-phenyl-N-Btc-L-phenylalanine amide (3¢) (Scheme 1). It is worth pointing
out that the analogous reactions of N-Btc-amino acid chlorides with hydroxylamine hy-
drochloride in our hands failed to give the corresponding hydroxamic acids (toluene or
acetonitrile were used as solvents and triethylamine or N-methylmorpholine as hydro-
gen chloride acceptors).

Under basic conditions, hydroxamic acids 3 readily underwent cyclisation to afford
1,2,5-oxadiazine-3,6-diones (4) (Scheme 1). The substituent on C-4 depends on the starting
amino acid, while the substituent on C-2 atom depends on the hydroxylamine used in the
previous reaction step. Two oxadiazine derivatives, viz. 2-phenyl-2H-1,2,5-oxadiazine-
-3,6(4H,5H)-dione (4a) and 4-benzyl-2-phenyl-2H-1,2,5-oxadiazine-3,6(4H,5H)-dione (4c),
were isolated and analysed, while the corresponding L-alanine derivative (4b) was only
detected by TLC.

Spectral assignment and CHN analysis of the synthesised new compounds 3 and 4
confirmed their structures. IR spectra of 3 showed the absorption maxima of carbonyl
group bound to benzotriazole at 1731-1739 and the hydroxamic acid carbonyl group at
1658-1687 cm1. In the IR spectra of oxadiazine derivatives, two carbonyl absorptions
were visible: carbonyl at position 3 at 1747-1772 cm-! and carbonyl at position 6 at
1688-1692 (amide 1) and 1590-1594 cm~! (amide II).

"H NMR spectra of products 1a-c confirmed presence of carboxylic acid group at
13.15-12.00, NH group at 9.42-9.34, aromatic protons at 8.15-7.50 and C-2 atom at
4.50-4.04 ppm. 13C spectra confirmed presence of two carbonyl groups: carboxylic acid
carbonyl at 173.28-172.18 and carbony! bound to benzotriazole at 149.44-148.87 and, fi-
nally, chiral C-2 atom at 54,98-41.84 ppm.

"H NMR spectra of products 3a-c revealed presence of N-hydroxyl group at 11 ppm,
instead of carboxy group. Hydroxamic acid carbonyl was shifted to lower ppm values
(167.80-165.25 ppm) than carboxylic acid carbonyl, while carbonyl bound to benzotria-
zole, aromatic C-atoms and C-2 had practically the same values as in compounds 1a-c.

'H NMR spectra of products 4a,c confirmed presence of NH group at 8.84-8.72, aro-
matic protons at 7.56-7.27 and C-2 atom at 4.49-4.10 ppm. 13C spectra confirmed pre-
sence of two carbonyl groups at 164.85-164.56 and 152.83-152.69, aromatic C-atoms at
137.39-122.41 and C-2 atom at 55.48-44.20 ppm.

Reaction conditions, yields and analytical data of the newly synthesised com-
pounds are presented in Table I and NMR spectral data are given in Table II.

Biological studies

The synthesized oxadiazines were used in biological studies. Values obtained by the
MTT-test were all below control values 72 h following incubation (Figs. 1 and 2). No
growth inhibition of GMK cells was observed for compounds 4a and 4c at concentration
c3, but at concentrations ¢y and ¢, a statistically significant growth inhibition of GMK
cells was observed, ranging from 40% to 60% (Fig. 1). Similarly, a statistically significant
growth inhibition of 75% of HeLa cells was observed for 4a at concentration ¢y (Fig. 2),
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while cell proliferation was observed at concentrations ¢; and c3, Statistically significant
growth inhibition of HeLa cells was observed also for 4¢, ranging from 50% to 75% (Fig.
2). The higher growth inhibition. of the tested compounds on Hela cells, compared to
GMK cells, was probably due to the programmed cell death phenomena permanently
present in Hel.a cells (data not shown) (16). Contrary to the tested compounds, acyclovir
stimulated both GMK and HelLa cell growth at all concentrations (Figs. 1 and 2).

200

@ Treated cells Fig. 1. Percentage of growth of
BComwoleells — GMK cells determined by MTT-test
in the absence (control) or in the
presence of 4a, 4c and acyclovir (Ac)
{c; = 10 mol L1, ¢y = 1075 mol 177,
c3 =107 mol L) (mean £ SD, 1 = 12).

Cell growth (%)

0

300 4a 4c Ac

[d
=
=

Fig. 2. Percentage of growth of @ Treated cells

Hela cells determined by MTT-test
in the absence (control) or in the
presence of 4a, 4c and acyclovir (Ac)
(c; = 10 mol L7, ¢; = 1075 mol L1, 0
¢3 =107 mol L") (mean % SD, n=12).

Controlcells

2

Cell growth (%)

As the cytostatic effect of 4a and 4c was observed, ICxy values (17) were calculated
and are presented in Table IIl. A compound 4a showed higher cytostatic effect on GMK
than on HelLa cells, while 4c was more cytotoxic on HeLa than on GMK -cells.

Results of the antiviral assay (percentage of CPE inhibition) are shown in Table IV.
The inhibition of CPE (approximately 5-20%) for 4a was observed at concentration ¢y for
all tested viruses, while the inhibition of coxsackievirus CPE (approximately 5-15%) was
observed only at concentrations c; and ¢3. Compound 4c¢ inhibited CPE of adenovirus at
concentration ¢q (approximately 20%) as well as CPE of herpesvirus and enteroviruses at

Table 111. 1Cs for compounds 4a and 4c

Cell line ICsy (mol L1
" o
GMK 1.125 x 10~ 5.800 x 10-%
HeLa 0.897 x 105 0.824 x 10~

183



1,2.5-oxadiazine derivatives - Synthesis and in vitre biclogical studies, Acta Pharm. 53 (2003} 175-186.

nitrations ¢y, ¢; and c3 (approximately 5-20%). A satisfactory inhibitory effect rang-
irom 20 to 40% of acyclovir, as expected (18), was observed on herpesvirus at all
sted concentrations and virus titres,

Poor CPE inhibition of 4a and 4c¢ observed for all tested viruses (maximum 20%)
and the lack of CPE inhibition at minor virus titres and at lower concentrations of the
tested compounds was probably not an antiviral effect but more likely their inhibitory
effect upon cell growth (shown previously by the MTT-test). Thus, the lack of CPE inhi-
bition at low virus titres, where it is usually possible to observe the inhibition of CPE for
antiviral compounds (e.g. acyclovir), may confirm the previous statement,

Table 1V. Cytopathic cffect (CPE) on cell culture of different viruses® upon 4a, 4c and acyclovir (Ac)®
compared to control (solvent DMEM)

Virus/titre CPE inhibition (%)
4a dc Ac
3 s I 3 [ o o ¢ I
Adenovirus 7
V-1 0 20 0 0 20 - - -
V-2 0 20 0 0 20 - - -
V-3 10 0 0 0 0 - - -
V-4 0 0 0 - - -
V-5 0 0 0 0 - - -
Herpesvirus 1
V-1 0 0 10 0 0 10 20 20 20
V-2 0 0 10 10 10 10 40 40 50
V-3 0 0 10 0 0 0 20 30 30
V-4 0 0 5 0 25 25 25
V-5 0 0 0 20 20 25
Echovirus 7 ;
V-1 0 0 10 5 10 10 - - -
V-2 0 10 0 10 10 - - -
V-3 0 0 10 0 10 10 - - -
V-4 0 0 10 0 10 - - -
V-5 0 0 0 0 0 - -~ -
Coxsackievirus B5

V-1 0 0 0 0 0 - - -
V-2 15 15 5 20 10 - - -
V-3 15 15 5 20 20 20 - - -
V-4 5 5 0 15 5 5 - - -

* Viruses titres V-1 to V-5: serial dilution 1:2 for adenovirus 7 and herpesvirus 1 and 1:10 for echovirus 7 and
coxsackievirus B3.
bep = 107 mol L, ¢; = 10-5 mol L, ¢y = 106 mol L1,
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CONCLUSIONS

1,3,5-Oxadiazine-3,6-diones can be successfully prepared by cyclisation of the ap-
propriate hydroxamic acids. Since various methods for the preparation of a wide array
of N-monosubstituted hydroxylamines are available, this procedure constitutes a new
general method for construction of the 1,3,5-oxadiazine ring system. Selected biological
studies indicated that oxadiazines 4a and 4c had no cytotoxic effect on HeLa and GMK
cells at tested concentrations, but they had a pronounced cytostatic effect, i.e.,, they in-
hibited cell growth in the 25-75% range, depending on the compound, cell line and con-
centration. A minor inhibition of CPE on adenovirus, herpesvirus and enteroviruses, for
compounds 4a and 4c¢, was observed. These preliminary findings indicate that potential
antiviral drugs could be found within oxadiazine derivatives. Thus, further investiga-
tion should be undertaken.
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SAZETAK

Novi derivati 1,2,5-0oksadiazina ~ Sinteza i biolosko djelovanje
u in vitro uvjetima

MONIKA BARBARIC, SANDRA KRALJEVIC, MAGDALENA GRCE i BRANKA ZORC

U radu je opisan novi sintetski put za pripravu 1,2,5-oksadiazinskog heterociklickog
sustava. 2-Supstituirani i 2,4-disupstituirani 2H-1,2,5-oksadiazin-3,6(4H,5H)-dioni 4 sin-
tetizirani su intramolekulskom ciklizacijom odgovarajucih hidroksamskih kiselina 3, de-
rivata N-(1-benzotriazolilkarbonil)-aminokiselina 1. Strukture sintetiziranih spojeva u
potpunosti su karakterizirane IR, TH i 13C NMR spektroskopijom i elementarnom ana-
lizom. Ispitano je biolosko djelovanje spojeva 4a i 4c u in vitro uvjetima. Citotoksi¢no i
citostatsko djelovanje testirano je na dvije stani¢ne linije (HeLa i GMK) i evaluirano
MTT-testom. Antiviralni testovi provedeni su na dva humana DNA virusa (adenovirus 7
i herpesvirus 1) i dva humana RNA virusa (coxsackievirus B5 i echovirus 7). Ustanov-
lieno je da 2-fenil-2H-1,2,5-oksadiazin-3,6(4H,5H)-dion (4a) i 4-benzil-2-fenil-2H-1,2,5-
-oksadiazin-3,6(4H,5H)-dion (4c) statisticki znadajno inhibiraju rast stanica GMK i stanica
Hel.a, te da imaju slabi protuvirusni u¢inak na ispitane viruse.

Kljuéne rijeci: 1,2,5-oksadiazin derivati, sinteza, citotoksi¢ni u¢inak, citostatski u¢inak, protuvirusno
djelovanje, citopatski u¢inak
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