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Abstract: An LC-MS method with natural isotope abundance correction and a 'H NMR relative quantitative
method were established to determine the deuterium incorporation of donafenib tosilate, a new deuterated drug
molecule. First, the peak areas of isotopic impurities (non-deuterated and incompletely deuterated impurities) and
deuterated drug were recorded through the single ion monitoring (SIM) mode of the established LC-MS method and
then corrected in terms of the natural isotope abundance offered by ChemDraw soft, removing the nature isotope
interference from “C, *’Cl, etc. The corrected areas were subsequently used to calculate mol% of isotopologues (D,,
D,, D,, D,) and Atom% D, namely, deuterium incorporation. In addition, a 'H qNMR experiment was conducted
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with the aromatic proton at J 8.63 and the residual proton of isotopic impurities at J 2.79 as quantitative peaks. The

mixture of DMSO-d, and D,O (10:1) was employed as the solvent to change the spin-coupling between the residual

proton and active hydrogen so that the residual proton could be measured as the single peak, and the sensitivity was

greatly improved. The acquisition parameters were also optimized, and Atom% 'H and the deuterium incorporation

were then calculated. The two methods were applied to samples of three commercial batches, and the testing results

were almost consistent. Both methods proved accurate, sensitive, fast and independent of standard substances and

accurate weighing, which could be applied to the determination of the deuterium incorporation of donafenib tosilate

and provide a reference for other deuterated drugs.

Key words: deuterated drug; donafenib tosilate; deuterium incorporation; liquid chromatography-mass spec-

trometry; isotope distribution; 'H quantitative nuclear magnetic resonance
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Figure 1 Structures of donafenib tosilate and sorafenib tosilate
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Figure 2 Molecular formula, exact mass of [M+H]"and theoretical natural abundance of four isotopologues
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Table 1 Measured value and relative deviation of the natural abundance of D reference

Concentration [M+H+1]" [M+H+2]" [M+H+3]"

/ng-mL" Measured value Relative deviation Measured value Relative deviation Measured value Relative deviation
0.5217 <LOQ / <LOQ / <LOQ /
1.043 26.5% 7.8% 35.6% 0.3% <LOQ /
2.608 24.8% 1.2% 35.8% 0.8% <LOQ /
5217 24.3% 0.8% 35.9% 1.1% 9.4% 14.9%
7.825 24.1% 1.7% 35.9% 1.1% 9.3% 13.8%

10.43 24.7% 0.8% 36.3% 2.2% 9.1% 11.6%
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Figure 3 Extract ion chromatograms of the blank solution. A:

m/z 465.1; B: m/z 466.1; C: m/z 467.1; D: m/z 468.1
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Figure 4 Extract ion chromatograms of the sample solution: A:
m/z 465.1; B: m/z 466.1; C: m/z 467.1; D: m/z 468.1
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Table 2 Results of recovery testing

Added Determined Recovery Average RSD
amount/pug amount/pug /% 1% /%

02515 0.2543 101.1 104.7 3.2

02515 0.2709 107.7

0.2515 0.265 1 105.4

0.503 0 0.498 5 99.1 100.9 1.7

0.503 0 0.508 0 101.1

0.503 0 0.5156 102.5

0.754 5 0.826 9 109.6 107.4 1.8

0.754 5 0.800 5 106.1

0.754 5 0.804 3 106.6
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Figure 5 Typical 'H NMR spectra of sample solutions. 1: § 2.79

quantitative peak; 2: ¢ 8.63 quantitative peak
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Figure 6 'H NMR spectra of D, reference solutions of 1 mg-mL™: (A) with D,0; (B) without D,0. 1: 6 2.79 methyl 'H peak; 3: 5 8.78

amide 'H peak; 4: H,0 peak

Table 3 Determination results of samples by two methods

Lot LC-MS 'H gQNMR
Mol% D, Mol% D, Mol% D, Mol% D, Atom% D Atom% 'H Atom% D
220605 0.15 0.03 0.45 99.36 99.67 0.41 99.59
220801 0.13 0.06 0.42 99.40 99.70 0.23 99.77
221102 0.13 0.03 0.39 99.45 99.72 0.25 99.75
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