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1. MALDI-MS of PDA-coatings Derived from Unlabeled DA 

The MALDI-MS spectrum of PDA derived from unlabeled DA revealed an intense peak at m/z 402 in 

the presence of Tris1 or phosphate buffer (Figure S1).2-3 

 

 

 

 

 

 

Figure S1. MALDI-MS of unlabeled PDA using phosphate buffer. 

2. ESI-MS of Aqueous DA Undergoing Oxidative Polymerization 

ESI-MS was utilized to characterize the species present in solution during the oxidative 

polymerization of unlabeled and deuterium-labeled DA (10 mM, Tris buffer, pH 8.5) at different time 

points ranging from 5 min to 2 hrs (Figure S2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. ESI-MS spectra of the oxidative polymerization of DA in solution (< 2hrs). 
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Times longer than 2 hrs were not suitable, as precipitate formation clogged the ESI-MS, while 

filtering the solution appeared to remove the oligomers related to the trimer (m/z 402 in unlabeled DA). 

When unlabeled DA was used, m/z 402 was detected within 5 min. Another peak at m/z 420 was 

always observed, which was assigned to be the H2O adduct. The mobile phase used for the mass 

spectroscopic experiment affected the ion intensity. The use of H2O/MeCN as eluent gave more 

intense peaks at m/z 402 and 420 (unlabeled DA) during ESI-MS, compared to the use of H2O/MeOH 

as eluent. This could be related to the different solubility of PDA oligomers in different organic solvents. 

The ESI-MS of unlabeled DA, fully aryl-deuterated DA (DA-2,5,6ring-d3), and fully alkyl-deuterated 

(DA-α,α’,β,β’-d4) were also monitored over time under Tris, pH 8.5 (Figure S3), and there was no 

observable H/D exchange at the aryl or alkyl positions, consistent with previous literature.4 

 

 

 

 

 

 

 

Figure S3. ESI-MS spectra showing absence of H/D exchange at alkyl and aryl positions of DA 

(Tris, pH 8.5, 1 hr 50 min). 

 

3. 1H NMR and ESI-MS of DA/5,6-dihydroxyindoline or DA/DHI 

mixtures 

A mixture of DA and 5,6-dihydroxyindoline·HBr (3·HBr) (10 mM: 5 mM) was dissolved in D2O, and 

deuterated Tris-d11 (10 mM final concentration) added (Figure S4A). This mixture was then analyzed 

via 1H NMR spectroscopy at various time-points. 5,6-dihydroxyindoline·HBr (5 mM) dissolved in D2O, 

in the presence and absence of deuterated Tris-d11 (10 mM) was used as a comparison (Figure S4B). 

In the presence of DA, the DAC formed was stable and did not decay much (<15%) over a period of 

1.5 hrs (Figure S4A). Figure S4A also shows that the alkyl and aryl protons of DAC have shifted and 

broadened in the presence of DA (compare with Figure S4B (ii), where there is no DA), strongly 

suggesting the formation of the DA/DAC complex 5. Without Tris, 5,6-dihydroxyindoline does not 

convert into DAC (Figure S4B (i)). Upon addition of Tris, DAC was formed rapidly (Figure S4B (ii)), 

and after 1.5 hrs, 37% had decayed into DHI (Figure S4B (iv)). This suggests that the DA/DAC 

complex formed is relatively stable. 
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Figure S4. 1H NMR of: (A) DA/5,6-dihydroxyindoline with Tris; (B) 5,6-dihydroxyindoline with and without Tris. 
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A mixture of DA and 5,6-dihydroxyindoline·HBr (3·HBr) (10 mM:1 mM, or 10 mM:10 mM) in Tris (10 

mM, pH 8.5) was analyzed under ESI-MS after 5 min (no shaking, standard atmospheric conditions), 

giving a peak at m/z 303 (Figure S5). When the mixture was shaken continously under standard 

atmospheric conditions for 10 min, the peak at m/z 285 grew in intensity. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure S5. ESI-MS spectra of DA/5,6-dihydroxyindoline; (A) 10 mM: 1 mM, (B) 10 mM: 10mM. 

 

 

A mixture of DA/DHI (10 mM:1 mM, or 10 mM:10 mM) in Tris (10 mM, pH 8.5) was analyzed via 

ESI-MS (Figure S6) after 5 min (no shaking, standard atmospheric conditions); no significant peak at 

m/z 303 was seen. 

 

 

 

 

 

 

 

 

Figure S6. ESI-MS spectra of DA/DHI. 
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Figure S7. ESI-MS2 of parent ions at: (A) m/z 402 (DA-6ring-d1); (B) m/z 406 (DA-2,5,6ring-d3); (C) m/z 412 (DA-α,α’,β,β’-d4); (D) m/z 407 (DA-β,β’-d2).
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4. ESI-MS2 of Parent Ions Derived from Deuterated DA 

Tandem MS2 experiments on m/z 402, 406, 412, and 407 (using DA-6ring-d1, DA-2,5,6ring-d3, 

DA-α,α’,β,β’-d4, and DA-β,β’-d2 respectively) revealed the same fragmentation pattern (Figure S7). 

Due to the lower intensities of the parent ions, perhaps because of C–D/C–H kinetic isotope effect on 

oxidation and polymerization kinetics, the signal to noise ratio was lower compared to the tandem MS2 

experiment on unlabeled m/z 402. Fragment ions from deuterium-labeled DA (marked asterisk) were 

also observed with m/z 406 (DA-2,5,6ring-d3) and m/z 412 (DA-α,α’,β,β’-d4) due to the lower signal to 

noise ratio. 

 

5. Additional Discussion on F1 – F5 

The tandem MS2 experiments indicated that the trimer responsible for m/z 402 contained 4 aryl- 

and 10 alkyl- protons that had been preserved from the starting DA monomer, according to the 

distribution 2Haryl+ 2Haryl +0, and 4Halkyl +3Halkyl +3Halkyl. 

F1 at m/z 386.1139 (C22H16N3O4) is derived from the parent ion (m/z 402.1447, C23H20N3O4) by a 

loss of CH4 (16 Da). A loss of 17 Da and 19 Da respectively from m/z 407 (using DA-β,β’-d2) and m/z 

412 (using DA-α,α’,β,β’-d4) indicated the lost CH4 contains 2 αalkyl-H and 1 βalkyl-H. This fragmentation 

pattern may suggest that the parent ion contains one methyl group, generated via the breakdown of of 

the side chain during the polymerization of DA. Furthermore, one Hβ migrated to this methyl unit during 

this process (Figure S8). However, we were unable to find any evidence or prior literature to support 

such a pathway during the oxidative polymerization of DA. A more plausible explanation is that a loss 

of [C[Hα]2+Hβ+H] occurs only under ESI-MS2 conditions. 

 

 

 

Figure S8. Hypothetical side-chain breakdown to form a methyl unit containing 2 αalkyl-H and 1 βalkyl-H. 

 

F2 at m/z 375.1366 (C22H19N2O4) is derived from the parent ion (m/z 402.1447) by a loss of HCN (27 

Da), a typical fragmentation pattern of aniline or aromatic heterocyclic compounds, e.g. pyridine and 

indole.5-9 Figure S9 shows the structural units that could account for this loss of 27 Da. Motifs A and B 

(Figure S9) are more likely to be present in the parent ion, as opposed to C and D, because the same 

loss of 27 Da occurred from all parent ions regardless of deuteration pattern, indicating that the lost 

proton in HCN was not derived from the alkyl-H or aryl-H of DA.  
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Figure S9. Possible functionalities accounting for a loss of HCN in m/z 402. 

 

F4 is found at m/z 162.0552 (C9H8NO2) with unlabeled DA. Use of DA-2,5,6ring-d3 and 

DA-α,α’,β,β’-d4 give m/z 164 and m/z 166 respectively, indicating the presence of 2 aryl-H and 4 

alkyl-H. Possible structures accounting for F4 are 6-O-methylene dopaminochrome, N-methylene 

dopaminochrome or tetrahydroisoquinoline (TIQ) (Figure S10A). However, the parent ion is unlikely to 

contain the TIQ motif, because dopamine-derived TIQ derivatives such as salsolinol reported in 

literature do not show such fragmentation patterns under ESI-MS/MS conditions.10-11  

 

 

 

 

 

 

Figure S10. Possible structures of F4 (A) and F3 (B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S11. HR-ESI-MS2 of a phenyl-TIQ derivative.  
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To further verify this, a phenyl-substituted, dopamine-derived TIQ derivative was synthesized using 

DA,12 and ESI-MS2 analysis revealed a loss of NH3 rather than a loss of the phenyl group (Figure 

S11). 

Similarly, F3 at m/z 229.0992 (C13H13N2O2) is deduced to contain 2 aryl-H and 7 alkyl-H, and is a 

combination of F4 (m/z 162.0552, C9H8NO2) and C4H5N unit (67 Da, 2H-pyrrole) (Figure S10B) This 

proposal is supported by the mass difference between unlabeled/deuterium-labeled F3 and F4. F3 and 

F4 have a mass difference of 67 Da using DA-2,5,6ring-d3 (F3 at m/z 231, F4 at m/z 164), the same 

difference as that between unlabeled F3 (m/z 229) and F4 (m/z 162). This indicates that the C4H5N unit 

does not contain any aryl-H. Use of DA-α,α’,β,β’-d4 gave a mass difference of 70 Da between F3 and 

F4 (m/z 236 and m/z 166 respectively), indicating that C4H5N has 3 alkyl-H preserved. Further 

experiments with DA-β,β’-d2 (F3 and F4 at m/z 232 and m/z 164 respectively; difference of 68 Da) 

showed that the 3 alkyl-H in C4H5N is comprised of one Hβ and two Hα. Possible structures of F3 are 

shown in Figure S10B. 

F5 at m/z 147.0491 (C9H7O2) was shown via deuterium labeling to contain 2 aryl-H and 3 alkyl-H 

(one Hα and two Hβ). Possible structures of F5 are showed in Figure S12A. Loss of Hα may occur 

during oxidative polymerization, via tautomerization of the quinone-imine at the α position of the side 

chain to give aromatic Schiff-base as shown in Figure S12B. F5 (C9H7O2; 2 aryl-H + 3 alkyl-H) and F3 

(C13H13N2O2; 2 aryl-H + 7 alkyl-H) together account for F2 (C22H19N2O4; 4 aryl-H + 10 alkyl-H), as 

supported by all deuterium-labeled MS data. 

 

 

 

 

 

 

 

 

 

Figure S12. (A) Possible structures of F5; (B) possible pathway involving one Dα loss in the 

polymerization of DA-α,α’,β,β’-d4. 
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6. Synthetic Methods 
 
 
 
 
 
 
 
 

Scheme S1. Synthesis of DA-6ring-d1. 

 

Synthesis of DA-6ring-d1. The compound was synthesized following Scheme S1. Palladium on 

carbon (10 wt. %, 33 mg, 0.031 mmol) was added to D2O (5.53 g, 276 mmol) in a 100 mL 

round-bottom flask. The flask was evacuated and filled with H2(g), then stirred at r.t. for 24 hrs to 

generate D2 (g).13 2-bromo-4,5-dimethoxy DA14 (80 mg, 0.235 mmol) dissolved in D2O (1 mL) was then 

added and the reaction mixture stirred at r.t. for a further 20 hrs. The mixture was then filtered, residue 

rinsed with cold MeOH, and the solution concentrated under vacuum. 2-d-4,5-dimethoxy DA (58 mg, 

92% yield) was obtained as a light yellow solid. 1H-NMR (400 MHz, D2O) δ (ppm): 7.02 (t, 2JHD=4.7 Hz, 

1H), 6.98 (s, 1H), 3.86 (s, 3H), 3.84 (s, 3H), 3.26 (m, 2H), 2.95 (t, J=73.Hz, 2H). ESI-MS: m/z calcd for 

C10H14DNO2 [M+1]+ 183.12, found 183.11. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure S13. 1H-NMR spectrum of 2-d-4,5-dimethoxy DA. 
 

To a cooled (0 °C) mixture of 2-d-4,5-dimethoxy DA (52 mg, 0.20 mmol) in anhydrous CH2Cl2 (5 

mL) was added BBr3 (0.12 mL, 1.2 mmol) dissolved in CH2Cl2 (1 mL) dropwise. The mixture was 

allowed to warm to r.t. and stirred for 4 hrs. The precipitate was collected under centrifugation and 

washed with heptane (5 mL) and CH2Cl2 (5 mL). The precipitate was then suspended in CH2Cl2 (5 mL), 

and 7 M NH3 in MeOH added dropwise until pH≈5. The NH4Br produced was then filtered off, and the
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solution was concentrated under vacuum to give DA-6ring-d1 (45 mg, 94% yield) as a white solid. 

1H-NMR (400 MHz, CD3OD) δ (ppm): 6.74 (t, 2JHD= 3.4 Hz, 1H), 6.69 (s, 1H), 3.10 (m, 2H), 2.80 (t, J= 

7.8Hz, 2H); ESI-MS: m/z calcd for C8H10D1NO2 [M+1]+ 154.09, found 154.10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S14. 1H-NMR spectrum of DA-6ring-d1. 

 

 

 
 
 
 
 
 
 
 

Scheme S2. Synthesis of DA-2,5,6ring-d3. 

 

Synthesis of DA-2,5,6ring-d3. The compound was synthesized following Scheme S2. 

Dopamine·HCl (100 mg, 0.527 mmol) dissolved in 6 M DCl/D2O (2 mL) was heated at reflux under a 

nitrogen atmosphere for 6 hrs. The solution was then concentrated under vacuum to give a white 

residue, which was subsequently redissolved in MeOH to exchange labile hydroxyl and amine 

deuteriums. Removal of solvents under vacuum gave DA-2,5,6ring-d3 (105 mg, 94% yield) as a white 

solid.4 1H-NMR (CD3OD): δ (ppm) 3.10 (m, 2H), 2.80 (m, 2H); ESI-MS: m/z calcd for C8H8D3NO2 

[M+1]+ 157.09, found 157.10.  
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Figure S15. 1H-NMR spectrum of DA-2,5,6ring-d3. 

 
 
 
 
 
 
 
 
 

Scheme S3. Synthesis of DHI. 
 

Synthesis of 5,6-Dihydroxyindole (DHI). DHI was prepared under nitrogen atmosphere using the 

reported method (Scheme S3).15 A mixture of K3[Fe(CN)6] (6.6 g, 20 mmol) and NaHCO3 (2.5 g, 30 

mmol) in H2O (60 mL) was added dropwise over 5 min to a stirred solution of L-DOPA (0.99 g, 5 mmol) 

in H2O (500 mL). The resulting solution was stirred at room temperature under nitrogen atmosphere for 

3 hrs, then Na2S2O4 (600 mg) added. The solution was then adjusted to pH 4 with aq. 3 M HCl and 

extracted with EtOAc (3 × 250 mL). The combined organic extracts were washed with saturated aq. 

NaCl (3 × 100 mL), dried over Na2SO4, then concentrated under vacuum to approximately 5 mL. 

Addition of hexane (50 mL) to the residue yielded a pale brown solid, which was subsequently 

recrystallized from EtOAc/hexane. DHI (287 mg, 27% yield) was obtained as an off-white solid. 

1H-NMR (CD3OD): δ (ppm) 6.21 (d, J= 3.08 Hz, 1H), 6.88 (s, 1H), 6.96 (s, 1H), 7.04 (d, J=3.08 Hz, 1H). 
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Figure S16. 1H-NMR spectrum of DHI. 

 

 
 
 
 
 
 
 
 

Scheme S4. Synthesis of a phenyl-TIQ derivative. 

 

Synthesis of Phenyl-TIQ Derivative. Phenyl-TIQ derivative was synthesized according to 

literature procedures (Scheme S4).12 Dopamine (0.100 g, 0.527 mmol) was dissolved in a mixture of 

potassium phosphate buffer (0.1M, pH 6, 5 mL) and MeCN (5 mL). Benzaldehyde (130 µL, 1.3 mmol) 

was added, and the solution stirred at 50°C for 24 hrs. The brown solution was then concentrated 

under vacuum, and the residue was subjected to reverse phase column chromatography (1% MeOH in 

H2O) to give the phenyl-TIQ derivative as a white solid (0.089 g, 70% yield). 1H-NMR (400 MHz; D2O) δ 

(ppm): 7.44-7.41 (m, 3H), 7.30-7.28 (m, 2H), 6.78(s, 1H), 6,32 (s, 1H), 5.6 (s, 1H), 3.45-3.32 (m, 2H), 

3.10-2.96 (m, 2H). ESI-MS: m/z calcd for C15H16NO2 [M+1]+ 242.12, found 242.20.  
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Figure S17. 1H-NMR spectrum of phenyl-TIQ derivative. 
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