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Figure S1 (A). 1HNMR spectrum of compound 1 (PPD 1).

           

H
N

NH2H2N 1

H
N

NH2H2N 1



4

Figure S1 (B).  13CNMR spectrum of compound 1 (PPD 1).

                 Figure S1 (C).  HRMS spectrum of compound 1 (PPD 1).
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Figure S2 (A).  1HNMR spectrum of compound 6 (PPD 2).

         

Figure S2 (B). 13CNMR spectrum of compound 6 (PPD 2).
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Figure S2(C).  HRMS spectrum of compound 6 (PPD 2).
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Figure S3 (A). 1HNMR spectrum of compound 7 (PPD 3).

         

Figure S3 (B). 13CNMR spectrum of compound 7 (PPD 3).
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Figure S3(C).  HRMS spectrum of compound 7 (PPD 3).
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Figure S4 (A).  1HNMR spectrum of compound 8 (PPD 4).

Figure S4 (B). 13CNMR spectrum of compound 8 (PPD 4).
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      Figure S4(C).  HRMS spectrum of compound 8 (PPD 4).
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Figure S5 (A) 1HNMR spectrum of compound 9 (PPD 5).
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Figure S5 (B). 13CNMR spectrum of compound 9 (PPD 5).

                Figure S5(C).  HRMS spectrum of compound 9 (PPD 5).
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Figure S6 (A). 1HNMR spectrum of compound 12 (PPD 6).

Figure S6 (B). 13C NMR spectrum of compound 12 (PPD 6).
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Figure S6(C).  HRMS spectrum of compound 12 (PPD 6).
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Figure S7 (A). 1HNMR spectrum of compound 13 (PPD 7).

Figure S14. 13CNMR spectrum of compound 13 (PPD 7).

Figure S7 (B). 13C NMR spectrum of compound 13 (PPD 7).
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Figure S7(C).  HRMS spectrum of compound 13 (PPD 7).
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Figure S8 (A). 1HNMR spectrum of compound 15 (PPD 8).

Figure S8 (B). 13CNMR spectrum of compound 15 (PPD 8).
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Figure S8(C).  HRMS spectrum of compound 15 (PPD 8).



19

Figure S9 (A).1HNMR spectrum of compound 17 (PPD 9).

Figure S9 (B).13C NMR spectrum of compound 17 (PPD 9).
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Figure S9(C).  HRMS spectrum of compound 17 (PPD 9).
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Figure S10 (A).1HNMR spectrum of compound 20 (PPD 10).

       

Figure S10 (B).13C NMR spectrum of compound 20 (PPD 10).
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Figure S10(C).  HRMS spectrum of compound 20 (PPD 10).
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Figure S11 (A). 1HNMR spectrum of compound 21 (PPD 11).

Figure S11 (B). 13C NMR spectrum of compound 21(PPD 11).

N
H

H
NH2N

N
H

NH2

21

N
H

H
NH2N

N
H

NH2

21



24

Figure S11(C).  HRMS spectrum of compound 21 (PPD 11).
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Figure S12 (A). 1HNMR spectrum of compound 28 (PPD 12).

Figure S12 (B).13C NMR spectrum of compound 28 (PPD 12).
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Figure S12(C).  HRMS spectrum of compound 28(PPD 12).
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Figure S13 (A). 1HNMR spectrum of compound 29 (PPD 13).

Figure S13 (B).13C NMR spectrum of compound 29 (PPD 13).
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Figure S13(C).  HRMS spectrum of compound 29(PPD 13).
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       Figure S14 (A). 1HNMR spectrum of Bandrowski’s base.

       Figure S14 (B). 13CNMR of spectrum of Bandrowski’s base.
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Figure S14(C).  HRMS spectrum of Bandrowski’s base.
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1. Hair Dyeing 

Figure S15. Hair colors obtained from PPD derivatives 1, 6, 7, 8, 10, PTD and ME-PPD with 

the oxidant H2O2 (formulation B) and the coupler resorcinol (formulation C)

PPD PPD 1 PPD 6
         B               C B C B C

        Black     Brown     Black          Black     Black      Dark magenta

PPD 7 PPD 8 PPD 10
       B               C B C B C

        Black     Black     Black    Dark brown          Grey        Light grey

PTD ME-PPD
         B               C B C

      Brown      Black     Brown       Black    
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Figure S16: Nuance stability analysis of the PPD-1 upon repeated washing over 4 weeks.

Table S2. Hair color measurements following dyeing with PPD derivatives in formulations A                             

(no oxidant), B (with oxidant H2O2) and C (with coupling agent resorcinol)

Derivatives L* L0 a* a0 b* b0 ΔE ΔH
Natural hair 9 0 1

PPD A 57 0 30 56.1 29
B 9 1 1 1 0
C 14 1 3 5.5 2.2

PPD 1 A 9 1 1 1 1
B 9 1 1 1 1
C 9 1 1 1 1

PPD 6 A 16 7 0 9.9 7.1
B 9 1 1 1 1
C 13 6 2 7.3 6.1

PPD 7 A 17 13 2 15.3 13.0
B 9 1 1 1 1
C 9 1 1 1 1

PPD 8 A 9 0 1 0 0
B 9 1 1 1 1
C 11 1 2 2.4 1.4

PPD 10 A 22 4 1 13.6 4
B 35 5 0 26.5 5.1
C 49 8 8 41.4 10.6

PTD A 58 0 30 56.9 29.0
B 14 1 3 5.4 2.2
C 9 1 1 1 0

ME-PPD A 58 0 30 56.9 29.0
B 15 1 3 6.3 2.2
C 9 1 1 1 0
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Table S3. Stability study analysis of Hair dyes on hair.

Derivatives Week 1 ΔE ΔH
 PPD A 56.1 29

B 1 0
C 5.5 2.2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.9 7.1
B 1 1
C 7.3 6.1

PPD 7 A 15.3 13.0
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.4 1.4

PPD 10 A 13.6 4
B 26.5 5.1
C 41.4 10.6

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0

Derivatives Week 2 ΔE ΔH
PPD A 56.1 29

B 1 0
C 5.5 2.2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.9 7.1
B 1 1
C 7.3 6.1

PPD 7 A 15.3 13.0
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.4 1.4

PPD 10 A 13.6 4
B 26.5 5.1
C 41.4 10.6

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0

Derivatives Week 3 ΔE ΔH
PPD A 56.1 29

B 1 0
C 5.5 2.2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.9 7.1
B 1 1
C 7.3 6.1

PPD 7 A 15.3 13.0
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.4 1.4

PPD 10 A 13.6 4
B 26.5 5.1
C 41.4 10.6

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0

Derivatives Week 4 ΔE ΔH
PPD A 56.1 29

B 1 0
C 5.5 2.2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.9 7.1
B 1 1
C 7.3 6.1

PPD 7 A 15.3 13.0
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.4 1.4

PPD 10 A 13.6 4
B 26.5 5.1
C 41.4 10.6

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0
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Derivatives Month 1 ΔE ΔH
PPD A 56.1 29

B 1 0
C 5.5 2.2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.9 7.1
B 1 1
C 7.3 6.1

PPD 7 A 15.3 13.0
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.4 1.4

PPD 10 A 13.6 4
B 26.5 5.1
C 41.4 10.6

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0

Derivatives Month 2 ΔE ΔH
PPD A 55.2 28

B 1 0
C 5.2 2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.2 7
B 1 1
C 6.8 6

PPD 7 A 14.8 12.5
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.2 1.4

PPD 10 A 13.3 3.5
B 26.1 5
C 41.0 10

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0
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Derivatives Month 3 ΔE ΔH
PPD A 55.2 28

B 1 0
C 5.2 2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.2 7
B 1 1
C 6.8 6

PPD 7 A 14.8 12.5
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.2 1.4

PPD 10 A 13.3 3.5
B 26.1 5
C 41.0 10

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0

Derivatives Month 6 ΔE ΔH
PPD A 55.2 28

B 1 0
C 5.2 2

PPD 1 A 1 1
B 1 1
C 1 1

PPD 6 A 9.2 7
B 1 1
C 6.8 6

PPD 7 A 14.8 12.5
B 1 1
C 1 1

PPD 8 A 0 0
B 1 1
C 2.2 1.4

PPD 10 A 13.3 3.5
B 26.1 5
C 41.0 10

PTD A 56.9 29.0
B 5.4 2.2
C 1 0

ME-PPD A 56.9 29.0
B 6.3 2.2
C 1 0


