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Figure SF1: 1H NMR (CDCl3+DMSO- d6) spectra of SS1.
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Figure SF2: 13C NMR spectra of SS1.
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Figure SF3: HRMS data of SS1.

Figure SF4: Circular Dichroism studies of Cytochrome c with SS1 and multicomponent reactants.
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Figure SF5: Cytochrome c – Dipeptide SS1 interaction diagram.

Figure SF6: Protein-Ligand Contacts timeline for SS1 bounded to Cytochrome c obtained from MD Simulation 

studies.
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1H NMR of 4H-Pyran derivatives
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Figure SF7: 1H NMR of S1.
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Figure SF8: 1H NMR of S2.
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Figure SF9: 1H NMR of S3.

O

NC

H2N

O

OCH3



9

 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

-2

0

2

4

6

8

10

12

14

16

18

20

22

1.
98

2.
06

2.
13

3.
05

1.
00

1.
01

2.
04

1.
94

0.
97

Figure SF10: 1H NMR of S4.
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Figure SF11: 1H NMR of S5.
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Figure SF12: 1H NMR of S6.
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Figure SF13: 1H NMR of S7.
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Figure SF14: 1H NMR of S8.
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Figure SF15: 1H NMR of S9.
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Figure SF16: 1H NMR of S10.
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Figure SF17: 1H NMR of S11.
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Figure SF18: 1H NMR of S12.
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Figure SF19: HRMS data of S1.

Figure SF20: HRMS data of S2.
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Figure SF21: HRMS data of S3.

Figure SF22: HRMS data of S4.
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Figure SF23: HRMS data of S5.

Figure SF24: HRMS data of S6.
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Figure SF25: HRMS data of S7.

Figure SF26: HRMS data of S8.
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Figure SF27: HRMS data of S9.

Figure SF28: HRMS data of S10.
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Figure SF29: HRMS data of S11.

Figure SF30: HRMS data of S12.
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Table S1: Possible structure of dipeptide derivatives and their dock score.

S.No. Code Chemical structure Dock 
score (g)

1. SS1

HN
H
N

O

O

O

OHN

F

-3.70

2. SS2

HN
H
N

O

O

O

OHN

NO2

-2.87

3. SS3

HN
H
N

O

O

O

SHN

F

-2.72

4. SS4

N

OHO

ADDA (Cytochrome c inhibitor)

-2.45

5. SS5

HN
H
N

O

O

O

SHN

-3.10
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6. SS6

HN
H
N

O

O

O

OHN

Cl

-2.67

7. SS7

HN
H
N

O

O

O

OHN

Br

-3.47

8. SS8

HN
H
N

O

O

O

OHN

N
S

N

-3.682

9. SS9

HN
H
N

O

O

O

OHN

-3.36

10. SS10

HN
H
N

O

O

O

SHN
Cl

-3.17
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Crystal Data of S10

Table S2 Crystal data and structure refinement. 
Identification code S-10
Empirical formula C16H13N3O4
Formula weight 311.30
Temperature/K 273.15
Crystal system triclinic
Space group P-1
a/Å 9.0134(4)
b/Å 9.0528(4)
c/Å 9.6602(5)
α/° 70.923(2)
β/° 76.940(2)
γ/° 75.474(2)
Volume/Å3 712.15(6)
Z 2
ρcalcg/cm3 1.4516
μ/mm-1 0.107
F(000) 324.2
Crystal size/mm3 0.4 × 0.12 × 0.1
Radiation Mo Kα (λ = 0.71073)
2Θ range for data 
collection/°

4.52 to 56.56

Index ranges -12 ≤ h ≤ 12, -12 ≤ k ≤ 12, -12 ≤ l ≤ 
12

Reflections collected 17207
Independent reflections 3514 [Rint = 0.0319, Rsigma = 0.0241]
Data/restraints/parameters 3514/0/216
Goodness-of-fit on F2 1.096
Final R indexes [I>=2σ (I)] R1 = 0.0440, wR2 = 0.1111
Final R indexes [all data] R1 = 0.0559, wR2 = 0.1239
Largest diff. peak/hole / e 
Å-3

0.26/-0.32
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Table S3 Bond Lengths for S10.
Atom Atom Length/Å  Atom Atom Length/Å
O1 C3 1.3772(16)  C5 C11 1.5141(18)

O1 C12 1.3667(16)  C6 C7 1.3862(18)

O2 N9 1.213(2)  C6 C16 1.390(2)

O3 C17 1.2203(17)  C7 C8 1.383(2)

N1 C12 1.3372(18)  C8 N9 1.4689(19)

N2 C13 1.1440(19)  C8 C14 1.372(2)

C1 C2 1.519(2)  N9 O10 1.2129(19)

C1 C18 1.522(2)  C11 C12 1.3559(18)

C2 C3 1.4880(19)  C11 C13 1.4116(19)

C3 C4 1.3370(18)  C14 C15 1.384(2)

C4 C5 1.5052(18)  C15 C16 1.381(2)

C4 C17 1.4666(18)  C17 C18 1.501(2)

C5 C6 1.5252(19)     
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Table S4 Bond Angles for S10.
Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚
C12 O1 C3 118.70(10)  C14 C8 N9 118.78(14)

C18 C1 C2 110.62(13)  C8 N9 O2 118.72(14)

C3 C2 C1 111.05(12)  O10 N9 O2 122.56(16)

C2 C3 O1 110.90(11)  O10 N9 C8 118.71(16)

C4 C3 O1 122.83(12)  C12 C11 C5 122.78(12)

C4 C3 C2 126.26(12)  C13 C11 C5 117.28(11)

C5 C4 C3 122.45(12)  C13 C11 C12 119.84(12)

C17 C4 C3 119.07(12)  N1 C12 O1 110.54(12)

C17 C4 C5 118.43(11)  C11 C12 O1 121.68(12)

C6 C5 C4 111.66(11)  C11 C12 N1 127.77(13)

C11 C5 C4 108.69(10)  C11 C13 N2 177.02(16)

C11 C5 C6 110.63(11)  C15 C14 C8 117.67(15)

C7 C6 C5 120.64(12)  C16 C15 C14 120.25(15)

C16 C6 C5 120.81(12)  C15 C16 C6 121.49(15)

C16 C6 C7 118.51(13)  C4 C17 O3 120.73(13)

C8 C7 C6 118.84(14)  C18 C17 O3 121.83(13)

N9 C8 C7 118.00(14)  C18 C17 C4 117.36(12)

C14 C8 C7 123.22(14)  C17 C18 C1 112.87(13)

Table S5 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for 
S10.

Atom x y z U(eq)
H1c 10964.1(18) 1803.5(19) 4282(2) 51.7(4)

H1d 12661.2(18) 1663.1(19) 3400(2) 51.7(4)

H2a 12109.9(17) 417.8(17) 1926.6(18) 44.9(4)

H2b 11355.9(17) -425.3(17) 3534.1(18) 44.9(4)

H5 7130.0(15) 3736.9(15) 766.6(15) 34.6(3)

H7 4824.2(16) 5182.7(16) 1805.1(16) 39.9(4)

H14 2943.7(19) 3724(2) 6096.9(19) 55.1(5)

H15 4904(2) 1465(2) 6426.1(19) 60.5(5)

H16 6773.7(18) 1064.7(19) 4457.7(18) 50.1(4)

H18a 11238.3(19) 4295.0(19) 2666(2) 58.8(5)

H18b 11833.8(19) 3583.7(19) 1318(2) 58.8(5)

H1a 8680(20) -2220(30) 1460(20) 56(6)

H1b 7150(20) -1430(20) 870(20) 58(6)
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Table S6: Eco-Scale calculation for the reaction of 3-nitrobenzaldehyde, 1,3-cyclohexanedione and 
malononitrile in 10 mol scale.

detail of parameters penalty pointsa

1. yield 94% 3
2. cost of reactants to obtain 10 mmol of product

3-nitrobenzaldehyde 0
1,3-cyclohexanedione 0
malononitrile 0
Cytochrome c 3 
Leucine
Phenyl alanine                        
Phosphate buffer saline    

0
0
0

3. safety
3-nitrobenzaldehyde 5 (T)
1,3-cyclohexanedione 5 (T)
malononitrile 5 (N)
Cytochrome c 0
Leucine
Phenyl alanine                   

0
0

PBS 0
4. technical setup stirrer 0
5. temperature /time room temperature, 

< 1 h
0

30 min 0
6. work-up and purification

solvent added 0
filtration 0

aTotal of all penalties is 21. The total score is found to be 79 (100-21), indicating acceptable synthesis. 
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Table S7. Calculation of E-factor for the reaction of 3-nitrobenzaldehyde, 1,3-cyclohexanedione and 
malononitrile.

CHO
CN

CN

O

O

CN

NH2

O

O Catalyst

NO2

+

0.66g1.51g 1.12g
3.02g

Total amount of reactants: 1.51 g + 1.12 g + 0.66 g = 3.29 g
Amount of final product: 3.02 g
Amount of waste: 3.29 g – 3.02 g = 0.27 g
E-factor = amount of waste/amount of product = 0.27 g/3.02 g = 0.089.

Table S8. Comparison of the synthesis reported in the literature with the present work14,38.

Entry Catalyst medium Time Yield (%)
1 Piperidine water 5h 78
2 L-proline water 5h 81
3 ----- glycerol 190 min 89
4 mono-6-NH2-β-CD water 1h 69
5 per-6-NH2-β-CD DMSO 1h 76
6 per-6-NH2-β-CD DMF 1h 81
7 per-6-NH2-β-CD EtOH 1h 86
8 Cyt.c+SS1 PBS 30 min 94 (present 

work)


