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Supplemental Results 

Structural elucidation of the metabolites of allitinib in human plasma, urine, and 

feces. 

The information used to assign each metabolite is summarized below. 

Allitinib (Parent Drug M0). A chromatographic peak at 14.1 min was detected in 

human plasma, urine, and feces, with a protonated molecule of 449.116 and an 

elemental composition of C24H18ClFN4O2. The retention time (RT) and mass spectral 

(MS) fragmentation patterns were the same as those of the parent drug, indicating that 

this component was unchanged allitinib, and was designated as M0. M0 was the most 

abundant component in human plasma and feces. 

  Metabolite M1. Metabolite M1 was detected at an RT of 6.07 min in human plasma, 

urine, and feces. It had a protonated molecule of 341.082 and the elemental 

composition was C17H13ClN4O2, indicating the loss of C7H5F. The fragment ions at 

m/z 305.108 and 277.111 were the same as those of the parent drug, suggesting that 

segments A and B were unchanged. The absence of the specific loss of 109 Da 

suggested that M1 was an O-dealkylation metabolite of allitinib. The structure of M1 

was confirmed by comparison with the synthetic standard. 

  Metabolite M2. Metabolite M2 had the same RT as metabolite M1, and exhibited a 

protonated molecule at m/z 343.094, which was 2 Da larger than that of M1. Accurate 

mass measurement revealed the chemical formula of C17H15ClN4O2. At high colllision 

energy (CE) scan, the fragment ions at m/z 251.095 and 287.075 were the same as 

those of M1, indicating that segment B was unchanged, whereas fragment ions at m/z 



3 
 

279.127 and 307.117 were both 2 Da greater than those at m/z 277.103 and 305.108 of 

M1, respectively. Hence, M2 was proposed to be a terminal olefin reductive 

metabolite of M1. Further comparison of the RT and MS fragmentation patterns with 

those of the standard reference (DXCW2) confirmed the structural assignment of M2. 

M2 was a major metabolite in human feces, but was not detected in urine. 

  Metabolite M3. Metabolite M3 was eluted at 6.11 min, and exhibited a protonated 

molecule at m/z 375.087. M3 was detected in human urine and feces. According to its 

accurate mass, the elemental composition was proposed to be C17H13ClN4O3, which is 

consistent with the addition of one oxygen atom to M1. The fragment ions at m/z 

329.089, 321.111, and 229.107 in the high CE MS of M3 were 16 Da larger than 

those of the parent (m/z 313.051, 305.109 and 213.081, respectively), indicating that 

M3 was a hydroxylated metabolite of M1, and that hydroxylation was proposed to 

occur on the quinazoline moiety. 

  Metaboliet M4. M4, detected in the feces only, was eluted at 4.87 min. The 

protonated molecule of M4 (m/z 359.087) was 18 Da larger than that of M1, 

indicating the addition of two hydrogen atoms and one oxygen atom. The fragment 

ions at m/z 251.099, 287.068, and 313.083 were the same as those of the parent drug, 

indicating that segment B was intact. The fragment ion at m/z 329.079 was 18 Da 

greater than that (311.072 Da) of the parent, indicating M4 was probably an 

olifen-hydrated metabolite of M1. 

  Metabolite M5. Metabolite M5 was detected in plasma, urine, and feces at an RT of 

3.53 min. It had a molecular ion at m/z 375.084, which was 34 Da greater than that of 
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M1. The elemental composition of the metabolite was C17H15ClN4O4, indicating the 

addition of H2O2 to M1. The fragment ions at m/z 313.052, 287.073, and 251.096 

were coincident with those observed in the high CE spectrum of the parent drug, 

which indicated the segment B was unchanged. Therefore, M5 was proposed to be a 

dihydrodiol metabolite of M1, and its structure was confirmed using a synthetic 

standard. 

  Metabolite M6. M6 exhibited a protonated molecule at m/z 395.108 in plasma, 

urine, and feces, which was 54 Da smaller than that of parent drug, and eluted at 

11.52 min. Accurate mass measurement demonstrated that the elemental composition 

was C21H16ClFN4O, indicating the loss of C3H2O. The fragment ion at m/z 286.062 in 

the high CE spectrum was produced with the specific loss of 109 Da from M6, which 

indicated that segment C was intact. A fragment ion was detected at m/z 287.075, 

which suggested that segment B was unchaged. Furthermore, the fragment ions at m/z 

286.062 and 251.095 were 54 Da smaller than those of the parent at m/z 340.074 and 

305.109, respectively. These results indicated that the amide moiety in segment A was 

the metabolic site. M6 was identified as the amide hydrolysis product of allitinib, and 

its structure was further confirmed using a synthetized standard (DXCW1). 

  Metabolite M7. M7, which could be found in plasma, urine, and feces, was eluted 

at 11.38 min. It had a protonated molecule at m/z 411.095. Its chemical formula was 

C21H16ClFN4O2 based on its accurate mass, suggesting the addition of a hydroxyl 

group to M6. The fragments of M7 detected at m/z 287.075 and 251.094 suggested 

that the hydroxylation did not occur in segment B. The ion at m/z 286.062 was 
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produced via the specific loss of 125 Da (109 + 16) from M7, indicating that segment 

C was modified. Therefore, M7 was tentatively determined to be the hydroxylation 

metabolite of M6, with hydroxylation occurring in segment C. 

  Metabolite M8. Minor metabolite M8 was eluted at 4.97 min and was only detected 

in urine. The protonated molecule of M8 was detected at m/z 437.034 and its 

elemental composition was C17H13ClN4O6S. A product ion scan of M8 yielded a 

fragment ion at m/z 357.079, which was derived from the loss of 79.955 Da (SO3) 

from the precursor ion. The major fragment ions at m/z 329.095, 321.095. 303.080 

and 229.046 in the high CE MS were the same as those of M3, implicating that M8 

was a sulfate conjugate of M3. When urine was incubated with sulfatase in 1 M citrate 

buffer (pH 5.0) at 37 °C for 16 h, the chromatographic peak corresponding to M8 

disappeared, whereas the peak corresponding to M3 markedly increased. Therefore, 

M8 was identified as the sulfate conjugate of M3. 

  Metabolite M9. Metabolite M9 was detected with an RT of 3.55 min. It had a 

protonated molecule at m/z 462.107, which was 121.026 Da larger than that of M1 at 

m/z 341.082. The chemical formula of the metabolite was C20H20ClN5O4S, suggesting 

the addition of a cysteine residue to M1. In the high CE scan, M9 formed a fragment 

ion at m/z 341.085, which was due to the neutral loss of 121.026 Da. The remaining 

fragments at m/z 313.057, 305.098, 287.071 and 277.119 were the same as those of 

M1, indicating unchanged segment B. Therefore, M9 was tentatively proposed to be a 

cysteine conjugate of M1. 

  Metabolite M10. Metabolite M10 was eluted at 11.0 min and showed a protonated 
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molecular ion at m/z 483.123. The derived formula of M10 was C24H20ClFN4O4. 

Compared with the parent drug, M10 showed the addition of H2O2. The fragment ion 

at m/z 374.077 was formed by the specific loss of 109.046 Da from the precursor ion. 

The ions at m/z 313.048, 287.073, and 251.095 were the same as those of the parent 

drug, indicating segments B and C were intact. Furthermore, the fragment ion m/z 

357.072 was produced by the loss of a molecule of H2O from m/z 375.072. Therefore, 

M10 was proposed to be the dihydrodiol metabolite of the terminal olefin of allitinib. 

After comparison the RT and the MS fragmentation patterns with those of the 

synthetic standard, the structure of M10 was determined to be 27,28-dihydrodiol 

allitinib. 

  Metabolite M11. Minor metabolite M11, which was only detected in plasma, was 

eluted at 7.39 min, exhibited an [M + H]+ ion at m/z 491.056. The elemental 

composition of M11 based on accurate mass measurement was C21H16ClFN4O5S, 

which indicated that M11 was a sulfate of M7. In the high CE MS, a fragment ion at 

m/z 286.047 was formed by the subsequential losses of SO3 and 125 Da (109 + 16), 

indicating that segment C was modified. Therefore, M11 was tentatively identified as 

a sulfate of M7. 

  Metabolite M12. Metabolite M12 was found in the feces only, and exhibited a 

protonated molecular ion at m/z 504.109. The RT of M12 was 4.9 min. The derived 

formula was C22H22ClN5O5S, suggesting that M12 was an N-acetylcysteine conjugate 

of M1. The fragment ions at m/z 375.063 and 341.080 were produced by cleavage of 

the C−S bond of N-acetylcysteine and the loss of the N-acetylcysteine molecule, 



7 
 

respectively. The fragment ions at m/z 287.068 and 251.098 were the same as those of 

M1. Therefore, M12 was proposed to be an N-acetylcysteine conjugation of M1. 

  Metabolite M13. Metabolite M13 was eluted at 3.66 min and was found in plasma 

and urine. It had a molecular ion at m/z 517.115 and its chemical composition was 

C23H21ClN4O8. M13 yielded a fragment ion at m/z 341.080, which was derived with 

the loss of glucuronic acid (176.035 Da) from the precursor ion, implicating that M13 

was a glucuronide conjugate of M1. After incubation urine sample with 

β-glucuronidase, the chromatographic peak corresponding to M1 increased, whereas 

that of M13 disappeared. These results confirmed the calculated structure. 

  Metabolite M14. Metabolite M14 was detected in plasma, urine, and feces. The RT 

of M14 was 9.88 min, and a protonated molecule was detected at m/z 570.138. The 

neutral loss of 121 Da from the precursor ions yielded a fragment ion at m/z 449.118. 

The fragment ion at m/z 483.101 was generated by cleavage of the C−S bond of 

cysteine, all of these suggesting the presence of a cysteine conjugate. After the 

specific loss of 109 Da, a fragment ion was detected at m/z 461.087, implicating 

unchanged segment C. The fragment ions at m/z 398.072, 426.117, and 432.162 were 

121 Da larger than m/z 277.103, 305.109, and 311.072 of parent drug, respectively. 

However, those at m/z 287.075 and 313.051 were the same as those of allitinib, 

indicating that the binding site was the α, β-unsaturated carbonyl residue. Thus, M14 

was proposed to be a cysteine conjugate of allitinib. 

  Metabolite M15. Metabolites M15-1 and M15-2 were eluted at 5.83 and 9.74 min, 

respectively. Both metabolites yielded a protonated molecular ion at m/z 587.125, 
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which was 192 Da larger than that of the parent. The inferred elemental composition 

was C27H24ClFN4O8, suggesting that M15-1 and M15-2 were glucuronide conjugates 

of hydroxylallitinib. M15-1 generated a fragment ion at m/z 411.102 following the 

neutral loss of 176 Da, and at m/z 286.061 with the consequent loss of 122 Da (109 + 

16 Da) from the ion at m/z 411.102, which indicated that segment C was modified. 

After incubation with β-glucuronidase in 1M citrate buffer (pH 5.0) at 37 °C for 16 h, 

the chromatographic peak corresponding to M7 markedly increased, whereas that of 

M15-1 disappeared. Therefore, M15-1 was identified as a glucuronide conjugate of 

M7. M15-2 yeilded a fragment ion at m/z 411.102 following the neutral loss of 176 

Da, and a radical ion at m/z 302.059, which occurred following the specific loss of 

109 Da. These results indicated that segment C was unchanged. The ions at m/z 

303.061, 267.090, and 229.130 were 16 Da larger than those of M6 (m/z 287.075, 

251.094, and 213.081, respectively). Therefore, M15-2 was tentatively proposed to be 

a glucuronide conjugate of quinoline-hydroxylated M6. 

  Metabolite M16. Metabolite M16 was eluted at 11.03 min and yielded a protonated 

molecule at m/z 612.153. The derived elemental composition of M16 was 

C29H27ClFN5O5S, suggesting that M16 was an N-acetylcysteine conjugate of allitinib. 

In the high CE MS, M16 produced a fragment ion at m/z 449.123 resulted from the 

neutral loss of a N-acetylcysteine molecule. The ions at m/z 341.080, 340.085, 

313.050, 311.081, 305.105, 287.063, and 251.097 were consistent with those of the 

parent drug. Therefore, M16 was classified as an N-acetylcysteine conjugate of 

allitinib. 


