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a b s t r a c t 

Azelastine is among the most frequently used drugs; however, knowledge and solid data about its 

metabolites are scarcely found in literature. Thus, microsomal oxidation of azelastine is thought to pro- 

duce the corresponding N -oxides, However, until now these products had never been produced in signif- 

icant amounts. By oxidation of azelastine with H 2 O 2 , these N -oxides were now prepared in racemic form 

for the first time and were fully characterized. Their structure was additionally confirmed by a single 

crystal X-ray analysis. Both N -oxides were found to be non-cytotoxic in SRB assays. 

© 2021 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Azelastine [ 1 , 2 ], along with cetirizine and loratadine ( Fig. 1 ), is

ne of the most frequently used drugs for the therapy of allergic 

hinitis. In 2017, there were more than one million prescriptions in 

he USA, and in 2019 alone, US. sales amounted to US $18 million 

3] . However, this second-generation antihistamine (“nonsedating”) 

ame also recently into the focus of scientific and public interest 

or another reason: azelastine is currently being tested in a clin- 

cal trial series to demonstrate its anti-viral efficacy in COVID-19 

ositive patients [4–12] . 

In former times, N -oxides were often regarded as side prod- 

cts derived from parent drugs generated by hepatic metabolism. 

owadays, they are conceived as nitric oxide mimics or bio- 

sosteres of the carbonyl group; they may act as hypoxic-selective 

ytokines or nitric acid donors [13–15] . Hence, these molecules 

ight be ideal candidates for re-purposing strategies of well- 

stablished and marketed drugs. 

Azelastine is a racemate and is being sold and used as such. It is 

hought to be metabolized to a mixture of mono-hydroxylated 6–

ydroxy-azelastine and 7–hydroxy-azelastine, respectively, but also 

y rat liver microsomes to the corresponding N -oxides. However, 

he literature on the latter is sparse, and published results even 

ore. For example, U. Heinemann et al. in 2003 reported an elec- 
∗ Corresponding author. 
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rophoretic separation of the stereo- and regioisomeric azelastine 

etabolites [16] . A resolution of parent compound azelastine was 

erformed on a conalbumin column [17] , and the stereoisomers 

ere detected by elaborate frit-FAB LC-MS techniques [18] . Fur- 

hermore, the concentration of the drug was measured in human 

lasma by liquid chromatography coupled to tandem mass spec- 

rometry [ 19 , 20 ]. The isolated stereoisomers, however, were up to 

ow not obtained on a preparative scale, and the N -oxides were 

ot even characterized in detail at all. 

Since azeleastine already holds one stereogenic center; thus, its 

xidation to the corresponding N -oxides is expected to result in 

 total of four stereoisomers. In order to provide at least the re- 

pective diastereomers for further evaluation, a robust synthesis 

ethod was called for allowing to obtain the respective N -oxides 

n high yields on a preparative scale, and to allow the determina- 

ion of the configuration of the respective stereoisomers. Regiose- 

ective oxidation of the azepane nitrogen can be expected due its 

igh nucleophilicity [21] . 

. Results and discussion 

N -oxides can be obtained by oxidation from the correspond- 

ng amines by a variety of methods but using hydrogen peroxide 

eemed particularly attractive to us. Hydrogen peroxide is one of 

he oldest oxidants, it is commercially cheap to acquire, easy to 

se, and no messy by-products are obtained from its decay. Excess 

f the oxidant can be destroyed by a variety of methods including 

eat, pH changes, enzymatically, by adding metal salts or MnO . 
2 
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Fig. 1. Structure of most-sold 2nd generation antihistaminic drugs azelastine, cetirizine and loratadine. 

Scheme 1. Synthesis of the N -oxides: ( SS / RR ) −3 ( S,S shown), ( SR / RS ) −4 ( S,R shown), and MS fragmentation product 5 . 
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Table 1 

Parameters of the hydrogen bonds (pm) in azelastine N -oxide • H 2 O 3 . 

Symmetry operator i: 1-x, -y, 1-z. 

Donor—H....Acceptor H…A D…A � (D—H…A) 

O3—H25..O2 185 268.8(2) 171 

O3—H26..O1 i 204 287.8(2) 170 
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s with all oxidizing agents, proper safety precautions must be ob- 

erved. 

Commercial azelastine hydrochloride ( 1 ) was therefore con- 

erted to the free base 2 ( Scheme 1 ), the reaction of which with

ydrogen peroxide led to a mixture of the diastereomeric N -oxides 

 SS,RR ) −3 and ( SR,RS ) −4 , which were easily separated by chro-

atography. These compounds were characterized in their ESI-MS 

pectra by m/z 398 that corresponds to the presence of a quasi- 

olecular ion [M + H] + . The isotopic distribution pattern corre- 

ponded to the expected values, too. The data from micro-analyses 

onfirmed a molecular formula of C 22 H 24 ClN 3 O 2 as a mono hy- 

rate. Neither IR, MS nor NMR experiments allowed to assign the 

bsolute configuration of these molecules. A superimposition of 

he respective 1 H and 

13 C NMR spectra is depicted in Figs. 2 and 

 . 2D NMR spectra, however, allowed the assignment of all signals. 

n the ESI-MS spectra an additional signal was found at m/z 271.27 

orresponding to the presence of a [C 15 H 11 ClN 2 O 2 + H] + fragment, 

 8-(4-chlorobenzyl) −4-oxo-3,4-dihydrophthalazin-2-ium ion (un- 

rotonated form 5 depicted in Scheme 1 ) resulting from the frag- 

entation of the parent molecular ion (as shown by a MS 2 exper- 

ment). 

Hence, crystals of 3 were grown, and we succeeded in ob- 

aining crystals suited for an investigation by single crystal X-ray 

rystallography, the results of which are depicted in Figs. 4 and 

 . The supplementary crystallographic data can be obtained free 

f charge from The Cambridge Crystallographic Data centre via 

ww.ccdc.cam.ac.uk/data _ request/cif with CCDC 2,080,715. 

Colorless single crystals of the title compound were grown by 

low evaporation of a saturated solution in aqueous acetonitrile. 

ompound 3 forms triclinic crystals, space group P ̄1 , Z = 2. The 

symmetric unit contains one molecule 3 and one water molecule. 
t

n
2 
ue to the presence of a crystallographic center of inversion the 

rystal structure contains both enantiomers of 3 ( R,R and S,S ) as a 

acemate. Bond lengths and angles are within the expected ranges. 

he seven-membered ring C16-C21-N3 exhibits twist-chair confor- 

ation with the nitrogen atom N2 attached to C16 and the car- 

on atom C22 attached to N3 in equatorial positions. The seven- 

embered ring attached to N2 and the phenyl ring C1-C6 adopt 

 nearly parallel orientation roughly perpendicular to the rigid ph- 

halazinone unit. This type of "hair pin" conformation was also ob- 

erved in azelastine (along with a second conformer) [22] and dif- 

erent solvates of azelastine hydrochloride [23] . The supramolecu- 

ar structure is characterized by hydrogen bridges between the wa- 

er molecule as hydrogen donor and the oxygen atoms of the keto 

O1) and the nitroxyl groups (O2) as acceptors ( Table 1 , Fig. 5 ). As

 result, a centrosymmetric ring containing two azelastine N -oxide 

nd two water molecules with R 

4 
4 (22) topology is formed. 

Since toxicity issues are of high interest for metabolites of es- 

ablished drugs, products 3 and 4 were subjected to cytotoxicity 

tudies (SRB assays). For all human cancer cell lines used (A375, 

T29, MCF7, A2780, HeLa) as well as non-malignant cell lines (NIH 

T3, HEK293), EC 50 values > 30 μM were measured, hence, cyto- 
oxicity issues for these compounds are generally regarded to be 

ot relevant. 

http://www.ccdc.cam.ac.uk/data_request/cif
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Fig. 2. Superimposed 1 H NMR-spectra of ( SS / RR ) azelastine N -oxide (blue) and ( SR / RS ) azelastine N -oxide (red) (For interpretation of the references to color in this figure 

legend, the reader is referred to the web version of this article.). 

Fig. 3. Superimposed 13 C APT NMR spectra of ( SS / RR ) azelastine N -oxide ( 3 , blue) and ( SR / RS ) azelastine N -oxide ( 4 , red) (For interpretation of the references to color in this 

figure legend, the reader is referred to the web version of this article.). 

3 
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Fig. 4. Molecule structure of the ( R,R )-enantiomer of azelastine N -oxide • H 2 O 

3 in the crystal showing the labeling scheme. Thermal ellipsoids are at the 50% 

probability level. Selected bond lengths (pm) and angles ( °): C4—Cl 175.6(2), C8—

N1 128.4(2), N1—N2 137.1(2), C15—N2 137.4(2), C15—O1 123.2(2), C16—N2 147.9(2), 

N3—O2 138.4(2), C1—C7—C8 114.8(2) C8—N1—N2 119.2(2). 

Fig. 5. Section of the crystal structure of azelastine N -oxide • H 2 O 3 showing the 

hydrogen bond network. Symmetry operator i: 1-x, -y, 1-z. 

Table 2 

Crystallographic data for azelastine N -oxide • H 2 O 3. 

Molecular formula C 22 H 24 ClN 3 O 2 • H 2 O 

Formula weight /g ·mol –1 415.91 

Crystal system triclinic 

Space group P ̄1 

a /pm 854.14(8) 

b /pm 989.85(7) 

c /pm 1270.3(1) 

α / ° 100.001(6) 

β/ ° 93.698(7) 

γ / ° 117.987(6) 

Cell volume /nm 

3 1.0285(2) 

Molecules per cell Z 2 

Calc. density ρ /g ·cm 

–3 1.343 

μ (Mo- K a) /mm 

–1 0.215 

Crystal size /mm 0.41 × 0.39 × 0.11 

Diffractometer STOE IPDS 2 

T /K 170 

θ range / ° 1.65 — 25.0 

Absorption correction none 

Reflections collected 8496 

Reflections unique 3616 

Reflections with F o > 4 σ ( F o ) 2692 

Completeness of dataset/% 99.9 

R int 0.0458 

Parameters 266 

R 1 ( I > 2 σ ( I )) 0.0394 

wR 2 (all data) 0.1070 

GooF ( F 2) 1.029 
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. Conclusion 

A concise synthesis for the large-scale preparation of rac . aze- 

astine N -oxides 3 and 4 from parent azelastine hydrochloride ( 1 ) 

sing H 2 O 2 is reported. These compounds were easily separated 

y chromatography, and their structures were confirmed by spec- 

roscopic techniques. An additional X-ray analysis of 3 allowed the 

ssignment of its absolute configuration. 

. Experimental 

.1. General 

NMR spectra were recorded using the Agilent spectrometers 

D2 500 MHz and VNMRS 400 MHz ( δ given in ppm, J in Hz; typ-

cal experiments: APT, H 

–H-COZY, gHMBC, gHSQC, NOESY; calibra- 

ion to the signal of the deuterated solvent), MS spectra were taken 

n a Finnigan MAT LCQ 70 0 0 (electrospray, voltage 4.1 kV, sheath 

as nitrogen) instrument or on an Advion Expression CMS instru- 

ent. TLC was performed on silica gel (Macherey-Nagel, detection 

ith cerium molybdate reagent); melting points are uncorrected 

Leica hot stage microscope, or BÜCHI melting point M-565), and 

lemental analyses were performed on a Foss- Heraeus Vario EL 

CHNS) unit. IR spectra were recorded on a Perkin Elmer FT-IR 

pectrometer Spectrum 10 0 0 or on a Perkin-Elmer Spec- trum Two 

UATR Two Unit). The solvents were dried according to usual pro- 

edures. 

.2. Crystallographic details 

The crystal structure was solved with SHELXT [24] using direct 

ethods and refined with SHELXL [25] . OLEX2 was used as graphi- 

al interface [26] . Carbon bound hydrogen atoms and the hydrogen 

toms of the water molecule were positioned geometrically at ide- 

lized positions and refined using a riding model. The molecular 

rawings were created with the program DIAMOND [27] . 

.3. Synthesis of azelastine N -oxides (3, 4) 

To a suspension of azelastine hydrochloride ( 1 , 55.0 g, 0.14 mol) 

n ammonium hydroxide solution (25% in H 2 O, 100 mL) was added 

CM (100 mL), and the mixture was stirred for 10 min. The or- 

anic phase was separated, and the aqueous phase was extracted 

ith DCM (3 × 100 mL). The combined organic phases were evap- 

rated to dryness to yield azelastine base ( 2 , 53.77 g, 0.14 mol) as

 white amorphous powder. Compound 2 (53.77 g, 0.14 mol) was 

issolved in methanol (200 mL) at 50 °C, and an aqueous solution 

f hydrogen peroxide (35%, 35.4 g, 0.36 mol) was added over a pe- 

iod of 20 min under stirring. The reaction was stirred for another 

 h at 50 °C, and to the resulting clear solution water (150 mL) was

dded. The methanol was removed under diminished pressure, and 

he resulting aqueous phase was saturated with sodium chloride. 

fter extraction with DCM (2 × 300 mL), the combined organic 

hases were washed with water (150 mL), dried over MgSO 4 , and 

vaporated to dryness. After column chromatography (1.5 kg, SiO 2 , 

CM:MeOH:NH 4 OH (25% in H 2 O), 80:10:1), 3 (26.0 g, 65 mmol), 

nd 4 (16.6 g, 42 mmol), as well as mixture (9.0 g) of both were

btained each as a white powder. Re -chromatography of the mix- 

ure yielded both diastereomers in almost quantitative yields. 

Data for ( SS / RR ) azelastine N -oxide ( 3 , rac (SS/RR) 4-(4-

4-chlorobenzyl) −1-oxophthalazin-2(1 H )-yl) −1-methylazepane 

-oxide): m.p. 154.2 °C; R F = 0.41 (DCM:MeOH:NH 4 OH, 80:10:1); 

R (ATR): ν = 3037 w , 2955 w , 2937 w , 2864 w , 2768 w , 2598 w ,

634 vs , 1610 w , 1588 s , 1557 vw , 1491 m, 1464 m , 1443 w , 1427 w ,

407 w, 1387 w , 1353 m , 1344 m , 1334 m , 1299 vw , 1284 w ,

268 w , 1233 vw , 1183 w , 1173 w , 1148 w , 1104 w , 1092 w ,
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[

[

[  

[  
083 w , 1048 m , 1032 w , 1012 w , 998 w , 976 vw , 961 w , 939 w ,

26 w , 911 m , 875 m , 846 w , 828 w , 814 m , 799 w , 792 w , 782 vs ,

36 m , 721 w , 693 s , 677 w , 639 w , 615 w , 592 m , 581 w , 547 vw ,

15 w , 504 w , 486 m cm 

−1 ; UV/Vis (MeOH): λmax (log ε) = 211

4.42) nm, 290 (3.6) nm, 246 (3.59) nm, 256 (3.55) nm; 1 H NMR 

400 MHz, CDCl 3 ): δ = 8.48–8.42 (m, 1H, 13-H), 7.81–7.72 (m, 3H, 

0- H + 11- H + 12-H), 7.35–7.30 (m, 2H, 3- H + 5-H), 7.21–7.16 (m,

H, 2- H + 6-H), 5.39 (dddd, J = 10.5, 7.0, 7.0, 3.4 Hz, 1H, 16-H),

.27f (d, J = 1.5 Hz, 2H, 7-H 2 ), 3.48–3.43 (m, 1H, 19-H a ), 3.43–3.35

m, 1H, 18-H a ), 3.18 (s, 3H, 23-H 3 ), 3.18–3.13 (m, 1H, 21-H a ), 3.13–

.08 (m, 1H, 19-H b ), 3.08–2.98 (m, 1H, 18-H b ), 2.36–2.20 (m, 2H, 

7-H a + 20-H b ), 1.80–1.62 (m, 3H, 17-H b + 20-H b + 21-H b ) ppm;
3 C NMR (101 MHz, CDCl 3 ): δ = 158.3 (C-15), 145.0 (C-8), 135.8 

C-1), 133.1 (C-11), 132.6 (C-4), 131.6 (C-10), 130.9 (C-2 + C-6), 

28.7 (C-3 + C-5), 128.7 (C-9), 127.8 (C-13), 127.6 (C-14), 124.0 

C-12), 73.2 (C-19), 65.6 (C-18), 61.8 (C-22f), 53.7 (C-16), 38.0 

C-7), 31.5 (C-17), 26.3 (C-21), 19.5 (C-20) ppm; MS (ESI, MeOH): 

/z = 398.20 ([ M + H ] + , 100%), 795.20 ([2M + H ] + , 30%); analysis

alcd for C 22 H 24 ClN 3 O 2 . H 2 O (415.91): C 63.53, H 6.30, N 10.10;

ound: C 63.29, H 6.57, N 9.94. 

Data for ( SR / RS ) azelastine N -oxide ( 4 , rac (SR/RS) 4-(4-

4-chlorobenzyl) −1-oxophthalazin-2(1 H )-yl) −1-methylazepane 

-oxide)): m.p. 57.7 °C; R F = 0.30 (DCM:MeOH:NH 4 OH, 80:10:1); 

R (ATR): ν = 2937 w , 2868 w , 1641 vs , 1610 w , 1583 s , 1551

w , 1489 m , 1451 m , 1409 w , 1386 w , 1346 m , 1327 m , 1267

w , 1217 vw , 1180 w , 1156 w , 1107 w , 1089 m , 1058 w , 1032 w ,

015 m , 971 vw , 934 w , 911 w , 897 vw , 849 w , 797 s , 775 m ,

51 w , 723 m , 690 s , 671 w , 561 m , 482 m cm 

−1 ; UV/Vis (MeOH):

max (log ε) = 210 (4.31) nm, 290 (3.55) nm, 256 (3.47) nm; 1 H 

MR (400 MHz, CDCl 3 ): δ = 8.42 (ddd, J = 7.9, 4.0, 2.4 Hz, 1H,

3-H), 7.72–7.64 (m, 3H, 10- H + 11- H + 12-H), 7.27–7.20 (m, 2H, 

- H + 5-H), 7.20–7.15 (m, 2H, 2- H + 6-H), 5.36 (dddd, J = 11.3,

.8, 7.7, 3.7 Hz, 1H, 16-H), 4.25 (s, 2H, 7-H 2 ), 3.63–3.45 (m, 4H,

8-H 2 + 19-H 2 ), 3.27 (s, 3H, 22-H 3 ), 3.20–3.07 (m, 1H, 21-H a ),

.61–2.47 (m, 1H, 20-H a ), 2.25–2.08 (m, 2H, 17-H 2 ), 1.95 (ddd, 

 = 15.9, 7.6, 3.7 Hz, 1H, 21-H b ), 1.74–1.60 (m, 1H, 20-H b ) ppm;
3 C NMR (101 MHz, CDCl 3 ): δ = 158.5 (C-15), 145.3 (C-8), 136.2 

C-1), 133.1 (C-11), 132.6 (C-4), 131.4 (C-10), 129.8 (C-2 + C-6), 

28.9 (C-3 + C-5), 128.6 (C-9), 127.9 (C-14), 127.5 (C-13), 124.9 

C-12), 71.9 (C-19), 68.2 (C-18), 61.0 (C-22), 55.0 (C-16), 38.4 

C-7), 32.0 (C-17), 26.8 (C-21), 20.2 (C-20) ppm; MS (ESI, MeOH): 

/z = 398.20 ([ M + H ] + , 100%), 795.20 ([2M + H ] + , 25%); analysis

alcd for C 22 H 24 ClN 3 O 2 . H 2 O (415.91): C 63.53, H 6.30, N 10.10;

ound: C 63.35, H 6.64, N 9.89. 
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