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1. Chemical Materials 

2,3-Bis(hydroxylamino)-2,3-dimethylbutane was synthesized in our laboratory[1]. The chemical 

reagents were purchased from Aladdin Ltd. (Shanghai, China). CH2Cl2 was distilled in the 

presence of CaH2, and THF was distilled with sodium/benzophenone under nitrogen protection 

All chemicals were of commercial analytical reagent grade. 

2. Synthetic methods 
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Scheme S1. The synthesis method for preparation of TPP-NIT. 

2.1 Procedure for the preparation of (4-hydroxy-3-methoxyphenyl)-4,4,5,5-tetramethyl-

4,5-dihydro imidazole radical (scheme 1). A solution of 4-hydroxy-3-methoxybenzaldehyde 

(0.76 g, 5 mmol) and 2,3-bis (hydroxylamino)-2,3-dimethylbutane (0.74 g, 5 mmol) in 

methanol (20 ml) was stirred at room temperature for 12 h. After the end of the reaction, the 

solvent was removed and the residue was suspended in 200 ml CH2Cl2. The saturated aqueous 

solution of NaIO4 was dropwised slowly to the mixture solution and stirred at 0°C until the 

reaction solution appears dark blue. The organic phase was separated, and the aqueous phase 

was extracted with CH2Cl2 (20 mL×3). The combined organic layers were dried over anhydrous 

Na2SO4. The deep blue solution was then evaporated. The crude product was purified by 

column chromatography on silica gel using absolute ethyl acetate/n-hexane (1:3) as eluent, 

giving a deep blue solid product (1.16 g, 83.1 %). m.p. 96.5-98.1℃. IR(KBr): ν 3355 (OH), 

1388, 1353 (N-O), 1215, 1122 (C-O-C) cm-1. HRMS (ESI): m/z [M+Na]+ calcd for 

C28H28ClN4O2: 302.1243, Found: 302.1250. 

2.2 Synthesis of (4-(6-(triphenylphosphonio)hexyl)oxy)phenyl)-3-methoxyphenyl)-4,4,5,5-

tetramethyl-4,5-dihydro imidazole radical (TPP-NIT). The synthetic route for the synthesis 

of TPP-NIT was shown in Scheme 1. 0.199 g (0.8 mmol) of (4-hydroxy-3-methoxyphenyl)-

4,4,5,5-tetramethyl-4,5-dihydro imidazole radical, 0.28 g (1.0 mmol) of 6-

bromohexylphosphine bromide and 0.138 g (1.0 mmol) of K2CO3 were dissolved in 30 ml 

acetonitrile. The mixture was stirred and reacted at 60°C for 8 h. Thin layer chromatography 

(TLC) was used to monitor the reaction process. When the reaction was complete, the solution 
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was filitrated and the solvent was removed under vacuum toobtain a crude blue liquid.Then the 

crude blue liquid was purifiedby column chromatography (the eluent was dichloromethane: 

methanol = 12:1) to obtain dark blue oil. Yield 72.5%. IR(KBr): ν 1357, 1265 (N-O), 1114 (C-

O) cm-1. HRMS (ESI): m/z [M-Br]+ calcd for C28H28ClN4O2: 624.3111, Found: 624.3101. 

 

Figure S1. The IR spectrum of 4-hydroxy-3-methoxybenzaldehyde nitroxyl radical. 

 

 

Figure S2. The HRMS spectrum of 4-hydroxy-3-methoxybenzaldehyde nitroxyl radical. 
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Figure S3. The IR spectrum of TPP-NIT.  

 

 

Figure S4. The HRMS spectrum of TPP-NIT.  

3. Western Blot Analysis  
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Figure S5. a, Control group; b, 6 Gy X-ray group; c, 6 Gy X-ray + 1.5 μM WR2721 group; d, 6 Gy 

X-ray + 1.0 μM TPP-NIT group; e, 6 Gy X-ray+0.15 μM NPs-TPP-NIT 
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