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Table A. 1: Substances measured in positive mode, their structural and molecular formula, as well as the 17 
exact and accurate mass of the quasi molecular ion [M+H]+ and the relative mass accuracy δm/m in ppm. 18 

substance structure 
molecular 

formula 

[M+H]+ δm/m 

/ ppm exact accurate 

N4-hydroxycyto-

sine  

C4H5N3O2 128.0455 128.0476 16.40 

cytosine 

 

C4H5N3O 112.0505 112.0524 16.96 

uracil 

 

C4H4N2O2 113.0346 113.0351 4.42 

pyrimidine-2-

one  

C4H4N2O 97.0396 97.0399 3.09 

molnupiravir 

 

C13H19N3O7 330.1296 330.1361 19.69 

EIDD-1931 

 

C9H13N3O6 260.0877 260.0766 42.68 

 19 
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 21 

Figure A. 1: Degradation curves during ozonation of N4-hydroxycytosine in deionized H2O (a) and in +10% 22 
BuOH (b) with parent drug N4-hydroxycytosine [M+H]+= 128.0473 (black diamonds), and TPs 23 
[M+H]+= 162.0511 (red circles), [M+H]+= 111.0170 (blue diamonds), [M+H]+= 113.0351 (red crosses), 24 
[M+H]+= 226.0571 (purple squares), [M+H]+= 222.0629 (green triangles) (a,b), and TPs [M+H]+= 182.0176 25 
(purple triangles), [M+H]+= 128.0456 (gray circles), [M+H]+= 112.0508 (yellow squares), [M+H]+= 146.0563 26 
(green squares) (c,d), and TP [M+H]+= 191.0000 (black crosses) (d). 27 

  28 
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Table A. 2: N4-hydroxycytosine ([M+H]+= 128.0473) and its observed transformation products (TPs) formed 29 
during ozonation including retention time (Rt / min), MS/MS fragmentation patterns, proposed molecular 30 
structures, and mass accuracy (δm/m / ppm). TPs without proposed structures were marked as not availa-31 
ble (n.a.), as more investigations should be necessary for clarification. m/z values without proposed frag-32 
ment structures are shown in parentheses. 33 
[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m / 

ppm 

128.0473 2.015 

 

[M+H]+= 82.0399 

 

M*+= 111.0425 

 

M+= 55.0923 

  

M*+= 68.0367 

 

14.84 

162.0511 1.262 

 

(56.0135) 

[M+H]+= 73.0393 

 

[M+H]+= 119.0443 

 

[M+H]+= 101.0335 

 

1.04 
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Table A. 2 continued 35 

[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m 

/ ppm 

112.0508 1.469 

 

M+= 95.0236 

M+= 71.0240 

 

M*+= 87.0182 

 

2.68 

111.0170 1.833 

 

M+= 55.0168 

 

(67.9346) 

17.11 
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Table A. 2 continued 37 

[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m / ppm 

146.0563 1.833 

 

[M+H]+= 103.0496 

 

(57.0449) 

[M+H]+= 85.0398 

 

[M+H]+= 112.9547 

 

[M+H]+= 128.0455 

 

2.05 
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Table A. 2 continued 39 

[M+H]+ Rt / 

min 

proposed 

structure 

MS/MS 

fragments 

δm/m / ppm 

182.0176 2.042 n.a. (97.9681) 

(56.9420) 

n.a. 

113.0351 2.407 

 

M+= 70.0286 

 

M+= 96.0079 

 

4.83 

191.0000 3.523 

 

(84.9589, 129.0001, 

56.9414) 

34.15 

128.0456 4.156 

 

M+= 55.0543 

 

(72.9367) 

(112.1006) 

1.15 

226.0571 6.721 n.a. [M+H]+= 113.0339 

 

(70.0294) 

(96.0082) 

(138.9638) 

n.a. 

222.0629 7.321 n.a. [M+H]+= 113.0344 

 

n.a. 
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 40 

Figure A. 2: Proposed reaction mechanism of the ozonation of cytosine leading via the intermediate prod-41 
ucts to the final product i.e., whose c-t curves no longer change during the observation period, cf. Figure 42 
A. 3 red circles and blue squares. 43 

 44 

 45 

Figure A. 3: Degradation curves during ozonation of cytosine in deionized H2O (a) and in +10% BuOH (b) 46 
with parent drug cytosine [M+H]+= 112.0523 (black diamonds), and TPs [M+H]+= 116.0462 (red circles) and 47 
[M+H]+= 144.0410 (blue squares).48 
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Table A. 3: Cytosine ([M+H]+= 112.0523) and its observed transformation products (TPs) formed during ozo-49 
nation including retention time (Rt / min), MS/MS fragmentation patterns, proposed molecular structures, 50 
and mass accuracy (δm/m / ppm). 51 

[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m / ppm 

112.0523 1.463 

 

M+= 95.0247 

 

M+= 69.0453 

 

M+= 52.0188 

 

M+= 42.0345 

 

16.06 

116.0462 1.245 

 

M+= 55.0296 

 

[M+H]+= 

98.0351 

 

6.44 
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Table A. 3 continued 53 

[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m / ppm 

116.0462 1.245 

 

[M+H]+= 

73.0396 

 

6.44 

144.0410 1.931 

 

[M+H]+= 

73.0399 

 

[M+H]+= 

44.0137 

 

[M+H]+= 

99.0194 

 

4.17 
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 55 

Figure A. 4: Proposed reaction mechanism of the ozonation of uracil leading via the intermediate products to the final products i.e., whose c-t curves no longer change 56 
during the observation period, cf. Figure A. 5 yellow squares and purple triangles.57 
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 58 

Figure A. 5: Degradation curves during ozonation of uracil in deionized H2O (a) and in +10% BuOH (b) with 59 
parent drug uracil [M+H]+= 113.0351 (black diamonds), and TPs [M+H]+= 117.0293 (red circles), 60 
[M+H]+= 121.0720 (yellow squares), [M+H]+= 293.0311 (green squares) and [M+H]+= 111.0167 (purple trian-61 
gles). 62 

 63 
  64 
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Table A. 4: Uracil ([M+H]+= 113.0351) and its observed transformation products (TPs) formed during ozona-65 
tion including retention time (Rt / min), MS/MS fragmentation patterns, proposed molecular structures, and 66 
mass accuracy (δm/m / ppm). TPs without proposed structures were marked as not available (n.a.), as more 67 
investigations should be necessary for clarification. m/z values without proposed fragment structures are 68 
shown in parentheses. 69 

[M+H]+ Rt / min proposed structure MS/MS fragments δm/m / ppm 

113.0351 2.381 

 

M+= 70.0293 

 

M+= 96.0086 

 

M+= 43.0187 

 

4.83 

121.0720 1.309 

 

[M+H]+= 61.0401 

 

M*+= 44.0134 

 

92.78 

293.0311 1.497 n.a. (202.0611) 

(156.0376) 

(111.0214) 

(171.0421) 

(193.0568) 

(221.0339) 

n.a. 

  70 

NH

O

NH

O

NH2

CH
+

O

O

NH

C
+

O

CH2

+

O

NH

OH

NH

O
OH

O
OH

CH2

+

O



 

14/32 

Table A. 4 continued 71 

[M+H]+ Rt / min proposed structure MS/MS fragments δm/m / ppm 

111.0167 1.835 

 

M*+= 57.0338 

 

[M+H]+= 45.0340 

 

[M+H]+= 82.9804 

 

19.85 

117.0294 1.528 

 

M*+= 58.0655 

 

0.58 

 72 
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 74 

Figure A. 6: Proposed reaction mechanism of the ozonation of pyrimidine-2-one leading via the intermedi-75 
ate products to the final products i.e., whose c-t curves no longer change during the observation period, 76 
cf. Figure A. 7 yellow squares and blue diamonds. 77 

 78 

 79 

Figure A. 7: Degradation curves during ozonation of pyrimidine-2-one in deionized H2O (a) and in +10% 80 
BuOH (b) with parent drug pyrimidine-2-one [M+H]+= 97.0396 (black diamonds), and 147.0398 (yellow 81 
squares), 111.0165 (blue diamonds), and 230.9814 (green squares) (a,b) and [M+H]+= 190.9994 (purple tri-82 
angles) formed in 10% tert.-BuOH (b). 83 

  84 
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Table A. 5: Pyrimidine-2(1H)-one ([M+H]+= 97.0396) and its observed transformation products (TPs) formed 85 
during ozonation including retention time (Rt / min), MS/MS fragmentation patterns, proposed molecular 86 
structures, and mass accuracy (δm/m / ppm). TPs without proposed structures were marked as not availa-87 
ble (n.a.), as more investigations should be necessary for clarification. m/z values without proposed frag-88 
ment structures are shown in parentheses. 89 
[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

97.0396 1.975 

 

M+= 79.0711 

 

[M+H]+= 61.0350 

 

0.40 

147.0398 1.660 

 

M*+= 58.0773 

 

[M+H]+= 86.0600 

 

[M+H]+= 101.0558 

 

[M+H]+= 71.9750 

 

1.58 
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Table A. 5 continued 91 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

147.0398 1.660 

 

[M+H]+= 112.9616 

 

1.58 

 

111.0165 1.836 

 

[M+H]+= 71.9976 

 

(61.0350) 

M+= 55.1029 

 

(84.0139) 

21.62 

190.9994 3.542 

 

(84.9964) 

(138.9595) 

(128.9975) 

31.01 

230.9672 1.859 n.a. (116.9762) 

(142.9480) 

(101.9839) 

n.a. 

 92 
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Table A. 6: Molnupiravir ([M+H]+= 330.1363) and its observed transformation products (TPs) formed during ozonation including retention time (Rt / min), MS/MS 94 
fragmentation patterns, proposed molecular structures, and mass accuracy (δm/m / ppm). TPs without proposed structures were marked as not available 95 
(n.a.), as more investigations should be necessary for clarification. m/z values without proposed fragment structures are shown in parentheses. 96 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

330.1363 8.703 

 

[M+H]+= 128.0545 

 

20.29 

133.0253 1.829 

 

[M+H]+= 43.0792 

 

[M+H]+= 61.0427 

 

M+= 81.0238 

 

6.77 

OH

O

OH

OCH3

CH3

O

N

O

NH

N

OH

NH

O

NH

N

OH

N

O

NH

O
O

OH NHN

O
OH

N

O

N

C
+



 

19/32 

Table A. 6 continued 97 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

314.1312 7.915 

 

[M+H]+= 112.0598 

 

[M+H]+= 103.0613 

 

M*+= 89.0996 

 

(45.0853) 

11.14 
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Table A. 6 continued 99 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

346.1259 7.987 

 

M+= 43.1041 

 

M+= 97.0586 

 

[M+H]+= 115.0430 

 

M+= 144.0588 

 

4.04 
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Table A. 6 continued 102 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

248.1139 8.231 

 

M+= 43.1045 

 

M+= 97.0591 

 

[M+H]+= 114.0609 

 

41.11 
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Table A. 6 continued 104 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

315.1204 8.921 

 

M+= 43.1043 

 

[M+H]+= 113.0422 

 

M+= 97.0589 

 

5.39 
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Table A. 6 continued 106 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / ppm 

559.2288 9.612 n.a. (220.1520) 

(357.1428) 

(203.1260) 

(155.0795) 

n.a. 

626.2354 10.020 n.a. (424.1295) 

(222.0968) 

[M+H]+= 112.0597 

 

n.a. 

NH
NH

NH

O
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 107 

 108 

Figure A. 8: Degradation curves during ozonation of EIDD in deionized H2O (a,c) and in +10% BuOH (b,d) 109 
with parent drug EIDD [M+H]+= 260.0903 (black diamonds), and barely degraded TPs [M+H]+= 200.0397 110 
(gray circles), 246.0727 (red squares), 243.0453 (green squares), 520.1548 (orange squares) and 486. 1739 111 
(red dashes) (a,b); TPs well degraded in water [M+H]+= 244.0789 (orange triangles), 245.0634 (gray circles), 112 
and 471.1383 (light blue squares) (c,d); and final TP [M+H]+= 191.0010 only formed in 10% tert.-BuOH.  113 
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Table A. 7: EIDD-1931 ([M+H]+= 260.0903) and its observed transformation products (TPs) formed during 114 
ozonation including retention time (Rt / min), MS/MS fragmentation patterns, proposed molecular struc-115 
tures, and mass accuracy (δm/m / ppm). TPs without proposed structures were marked as not available 116 
(n.a.), as more investigations should be necessary for clarification. m/z values without proposed fragment 117 
structures are shown in parentheses. 118 

  119 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / 

ppm 

260.0903 3.489 

 

M+= 128.0440 

 

[M+H]+= 82.0800 

 

M*+= 110.0461 

 

9.96 

200.0537 1.521 

 

(97.9938) 

(56.9905) 

(114.9881) 

8.00 

246.0727 1.755 

 

[M+H]+= 114.0357 

 

M*+= 138.9552 

 

145.08 
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Table A. 7 continued 120 

121 [M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m / 

ppm 

246.0727 1.755 

 

M*+= 57.0818 

 

145.08 

244.0789 2.341 

 

M*+= 112.0590 

 

M*+= 208.9900 

 

M+= 95.0518 

 

56.94 
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Table A. 7 continued 122 

  123 

[M+H]+ Rt / min proposed structure MS/MS 

fragments 

δm/m 

/ ppm 

243.0601 2.590 

 

M*+= 114.0356 

 

(190.9808) 

[M+H]+= 208.9898 

 

4.37 

191.0010 3.117 

 

(84.9973) 

(138.9593) 

(135.0406) 

39.39 

245.0776 4.810 

 

[M+H]+= 113.0417 

 

M*+= 96.0356 

 

M*+= 70.0751 

 

3.21 
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Table A. 7 continued 124 

 125 

[M+H]+ Rt / min proposed 

structure 

MS/MS 

fragments 

δm/m / ppm 

471.1383 6.507 n.a. (207.0374) 

(339.0931) 

n.a. 

520.1548 6.577 n.a. [M+H]+= 113.0419 

 

(133.0462) 

(258.0572) 

n.a. 

486.1492 7.421 n.a. (222.0481) 

(354.1082) 

n.a. 

126 
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Table A. 8: Overview of ozonation studies on antiviral pharmaceuticals and related structural motifs. 127 

Study Compound(s) Process / matrix Analytical ap-

proach 

Structural elucidation / 

classification 

Relevance relative to pre-

sent work 

This work N4-hydroxycytosine, 

cytosine, uracil, pyrimi-

dine-2-one, mol-

nupiravir, EIDD-1931 

Ozonation in ul-

trapure water and 

10% tert-BuOH 

HPLC-ESI-Q-

TOF-HRMS 

with MS/MS 

MS/MS-supported struc-

ture proposals; confidence 

classification according to 

Schymanski et al. (2014) 

First ozonation study of 

molnupiravir and EIDD-

1931; model-compound 

cascade for mechanistic 

linkage 

Merkus et al., 

2024 [1] 

Purine, adenine, gua-

nine and purine-based 

antiviral motifs 

Ozonation at con-

trolled pH 

HPLC-Orbital 

Ion Trap-HRMS 

HRMS- and MS/MS-based 

structure proposals 

Structural motif-oriented 

ozonation of purine ana-

logues 

Funke et al., 

2021 [2] 

Zidovudine, thymidine Ozonation HPLC-LTQ 

Orbital Ion 

Trap-HRMS 

MS/MS-based structure 

proposals 

Ozonation of nucleoside 

Antivirals with pathway dis-

cussion 

Liu et al., 

2021 [3] 

Ribavirin Ozonation and ozo-

nation/PMS 

under laboratory 

conditions 

UV-HPLC, 

GC–MS 

Oxidation induced transfor-

mation products identified 

by MS 

Investigation of ozone and 

radical contributions 

  128 
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Table A. 8 continued 129 

Study Compound(s) Process / matrix Analytical ap-

proach 

Structural elucidation / clas-

sification 

Relevance relative to pre-

sent work 

Zheng et al., 

2024 [4] 

Oseltamivir Ozonation of 

wastewater effluent 

UPLC-TOF-MS Degradation pathway pro-

posed 

Application-oriented antivi-

ral ozonation study 

Dogruel et al., 

2025 [5] 

Favipiravir, 

oseltamivir 

Ozonation and cat-

alytic ozonation 

UPLC-MS/MS Transformation product dis-

cussion 

Evaluation of antiviral re-

moval and ecotoxicological 

context 

Prasse et al., 

2010 [6] 

Acyclovir, 

carboxy-acyclovir 

Ozonation in aque-

ous solution 

HPLC-ESI-Q-

TOF-

HRMS/MS 

Oxidation induced transfor-

mation products character-

ized by MS 

Antiviral ozonation kinetic 

and product study 

Schlüter-

Vorberg et al., 

2015 [7] 

Acyclovir and 

related compounds 

Ozonation LC-MS/MS 

LTQ Orbital Ion 

Trap-MS 

Transformation products 

identified 

Emphasis on transfor-

mation-linked toxicity 

Fedorova et 

al., 2016 [8] 

Amantadine, oseltamivir 

carboxylate, zanamivir 

Ozonation of 

wastewater effluent 

LC-HRMS HRMS-based product iden-

tification 

Antiviral ozonation under 

effluent conditions 

 130 
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