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Preparation of Co-salen complexes (ref 13)
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Scheme S1. Preparation of salen ligand and Co-salen complex.

Table S1. Cobalt catalyzed reductive amination of benzaldehyde with ammonia in presence of 

molecular hydrogen: activity of different catalysts

NH2

45 bar H2, 120°C
H2O-THF

+
O

NH3Br Br

Co-catalyst

1 2

Entry Catalyst Yield of 4-
bromobenzylamine

1 Complex I + Carbon (40 mg) <1
2 Complex I + SiO2 (40 mg) <1
3 Immobilization of complex I on carbon and pyrolysis at 800 oC 

under Ar for 2h 
40

4 Immobilization of complex I on SiO2 and pyrolysis at 
800 oC under Ar for 2h

50

5 Cobalt nanoparticles prepared by reported method (ref 11) <1
6 Cobalt nanoparticles prepared by reported method (ref 11) <1

Reaction conditions: 0.5 mmol 4-bromobenzaldehyde, 6 mol% Co-complex (weight of nanoparticles equivalent 
to  6 mol% Co), 5-7 bar NH3, 45 bar H2, 2.5 mL H2O-THF (1.5:1), 120 oC, 24 h, GC yields using n-hexadecane 
as standard.
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Figure S1. Co-catalyzed reductive amination of 4-bromobenzaldehyde: activity of different cobalt-

salen complexes.
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Reaction conditions: 0.5 mmol 4-bromobenzaldehyde, 6 mol% Co-complex, 5 bar NH3, 45 bar H2, 2.5 mL H2O-
THF (1.5:1), 120 oC, 24 h, GC yields using n-hexadecane standard.
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Figure S2. Reaction progress for the reductive amination of 4-bromobenzaldehyde at different 

interval of time. Reaction conditions: 0.5 mmol 4-bromobenzaldehyde, 6 mol% complex I (11 mg), 5-7 bar 

NH3, 45 bar H2, 2.5 mL H2O-THF (1.5:1), 120 oC, GC yields using n-hexadecane standard.  

Isolated in situ generated cobalt nanoparticles

Figure S3. (A) Co NPs attached to magnetic stir bar after the reaction. (B) Isolated and washed 
Co NPs attached to magnetic stir bar.
  

(A) (B)
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.Stability studies of in situ generated cobalt nanoparticles 

NH2

45 bar H2, 120°C
H2O-THF

+
O

NH3Br Br

Co-catalyst

1 2

Figure S4. Stability studies of Co-NPs. Reaction condition:  2 mmol 4-bromobenzaldehyde, 8 mg Co NPs 

(6.5 mol%), 5-7 bar NH3, 45 bar H2, 10 mL H2O-THF (1.5:1), 120°C, 10 h, yield were determined GC
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Characterization of in situ generated cobalt nanoparticles

(a) TEM analysis and data

Figure S5. TEM images of in situ generated cobalt nanoparticles.

Figure S6. HRTEM images of in situ generated cobalt nanoparticles.
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Figure S7. EDX spectra of in situ generated cobalt nanoparticles. 

Figure S8. HRTEM and HAADF elemental mapping of recycled cobalt nanoparticles.
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(b) XRD analysis and data

Figure S9. XRD patterns of samples (a) in situ generated Co nanoparticles and (b) recycled Co 
nanoparticles.

(c) XPS analysis and data

Figure S10. XPS survey scan of in situ generated and recycled Co nanoparticles. 
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Figure S11. HR-XPS spectra of recycled cobalt nanoparticles.

(d) Magnetization measurements and data

Figure S12. Magnetization results of in situ generated cobalt nanoparticles. Left: Hysteresis loops 
of the cobalt-nanoparticles, recorded at a temperature of 5 and 300 K. Right= Zero-field-cooled (ZFC) 
and field-cooled (FC) magnetization curves of the cobalt-nanoparticles, measured under an external 
magnetic field of 1 kOe.
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NMR spectral data

2,2'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis(methanylylidene))diphenol (L1)

N N

HOOH

1H NMR (300 MHz, DMSO-d6) δ 12.97 (d, J = 1.8 Hz, 2H), 8.94 (s, 2H), 7.67 (dd, J = 7.9, 1.7 Hz, 

2H), 7.54 – 7.27 (m, 6H), 7.12 – 6.83 (m, 4H).

13C NMR (75 MHz, DMSO) δ 164.49, 160.84, 142.71, 133.89, 132.92, 128.26, 120.20, 119.94, 

119.54, 117.13.

Cobalt (II)-N,N-bis(salicylidene)-1,2-phenylenediamine) (Complex I)

N N

OO
Co

1H NMR (300 MHz, DMSO-d6) δ 9.04 – 8.69 (m, 2H), 8.65 – 8.21 (m, 2H), 8.08 – 6.95 (m, 8H), 

6.85 – 6.39 (m, 2H).
13C NMR (75 MHz, DMSO) δ 176.77, 168.42, 160.24, 146.54, 136.11, 135.40, 127.77, 123.01, 

119.62, 116.95, 114.61.

Product-26

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.21 (br s, 3H), 7.57 – 7.00 (m, 5H), 2.87 – 2.61 (m, 2H),

2.60 – 2.44 (m, 1H), 1.86 (q, J = 7.7 Hz, 2H), 1.18 (d, J = 6.9 Hz, 3H). 

13C NMR (75 MHz,DMSO-d6) δ 146.33 , 128.96 , 127.29 , 126.72 , 37.78 , 36.88 , 35.49 , 22.54.

Product-2

Br

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.60 (br s, 3H), 7.61 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 

3.98 (s, 2H). 

13C NMR (75 MHz, DMSO-d6) δ 134.03 , 131.87 , 131.81 , 122.16 , 41.90.
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Product-37

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.65 (br s, 3H), 7.69 (d, J = 7.0 Hz, 1H), 7.51 – 7.10 (m, 3H), 

4.88-4.50 (m, 1H), 3.20-3.04 (m, 1H), 3.00 – 2.82 (m, 1H), 2.53 – 2.41 (m, 1H), 2.16 –1.95 (m, 1H). 

13C NMR (75 MHz, DMSO-d6) δ 144.40, 139.90, 129.41, 127.101, 125.56, 125.36, 55.01, 30.81, 

30.34 .

Product-22

NH3
+Cl-

O

O

1H NMR (300 MHz, DMSO-d6) δ 8.76 (br s, 3H), 7.98 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.8 Hz, 2H), 

4.10 (s, 2H), 3.87 (s, 3H). 

13C NMR (75 MHz, DMSO-d6) δ 166.36 , 139.92 , 129.92 , 129.69 , 52.71 , 42.16 . White solid.

Product-5

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6) δ 8.58 (brs, 3H), 7.46 – 7.30 (d, J = 7.9 Hz, 2H), 7.18 (d, J = 7.7 Hz, 

2H), 3.94 (s, 2H), 2.28 (s, 3H).
13C NMR (101 MHz, DMSO) δ 138.12, 131.44, 129.47, 129.46, 42.35, 21.23.

Product-7

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6) δ 8.59 (brs, 3H), 8.18 – 8.12 (m, 1H), 8.00 (ddt, J = 9.3, 8.3, 1.1 Hz, 

2H), 7.69 – 7.54 (m, 4H), 4.52 (s, 2H).
13C NMR (101 MHz, DMSO) δ 133.66, 131.09, 130.33, 129.54, 129.11, 127.75, 127.24, 126.72, 

125.83, 123.89, 40.51.

Product-27

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6): δ 8.39 (br s, 3H), 5.94 – 5.60 (m, 1H), 4.71 (s, 2H), 3.29 (s, 2H), 

2.21 – 2.01 (m, 4H), 1.71 (s, 3H), 1.56 – 1.51 (m, 2H).

13C NMR (101 MHz, DMSO): δ 149.31, 131.23, 125.94, 109.47, 48.98, 44.07, 30.29, 27.22, 27.01, 

21.02.
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Product-20

Br

NH3
+Cl-

O

O

1H NMR (400 MHz, DMSO-d6): δ 8.63 (br s, 3H), 7.54 (s, 2H), 3.95 (s, 2H), 3.68 (s, 6H).
13C NMR (101 MHz, DMSO): δ 151.71, 149.67, 122.51, 116.31, 115.58, 111.18, 57.29, 56.87, 

37.33.

Product -40

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6): δ 8.21 (br s, 3H), 3.23 – 2.97 (m, 1H), 1.91- 1.84 (m,  2H), 1.63-

1.58 (m, 4H), 1.49-1.36 (m, 8H).
13C NMR (101 MHz, DMSO): δ 51.36, 30.30, 26.72, 25.30, 23.30. Brown solid.

Product-35

NH3
+ Cl-

1H NMR (300 MHz, DMSO-d6): δ 8.10  (br s, 3H),  7.35-7.29 (m, 2H), 7.24-7.19 (m, 2H), 6.97 – 

6.78 (m, 5H), 4.36 (dd, J = 10.5, 4.7 Hz, 1H), 3.34 (dd, J = 13.3, 4.8 Hz, 1H), 3.09 – 2.88 (m, 1H). 

2.11 (s, 3H).
13C NMR (75 MHz, DMSO): δ 137.21, 135.96, 133.44, 129.47, 129.26, 128.92, 128.85, 128.36, 

56.39, 40.46, 21.05. Off-White solid.

Product-6

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6): δ 8.68 (br s, 3H), 7.28 (d, J = 7.8 Hz, 2H), 7.11 (d, J = 7.8 Hz, 

2H),3.94 (s, 2H), 1.25 (s, 9H).
13C NMR (101 MHz, DMSO): δ 151.24, 131.58, 129.29, 125.67, 42.21, 34.76, 31.53. pale Brown 

solid.

Product-25

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6): δ 8.24 (br s, 3H), 7.42 – 7.19 (m, 10H), 4.44 (t, J = 7.8 Hz, 1H), 

3.57 (d, J = 6.3 Hz, 2H).
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13C NMR (75 MHz, DMSO): δ 141.53, 129.24, 128.29, 127.47, 48.90, 42.90. Off-White solid.

Product-18

O

NH3
+Cl-

1H NMR (400 MHz, DMSO-d6): δ 8.53 (br s, 3H), 7.65 – 7.18 (m, 7H), 7.10 – 6.87 (m, 2H), 5.13 (s, 

2H), 4.11 (s, 2H).
13C NMR (101 MHz, DMSO): δ 158.76, 137.41, 131.04, 128.90, 128.29, 128.08, 126.68, 115.25, 

69.61, 42.06. Off-White solid.

Product-15

NH3
+Cl-

O
O

1H NMR (300 MHz, DMSO-d6): δ 8.63 (br s, 3H), 7.30 (s, 1H), 7.13  (d, J = 8.3 Hz, 2H), 3.92 (s, 

2H), 3.76 (s, 6H).
13C NMR (75 MHz, DMSO): δ 149.26, 149.04, 126.79, 121.93, 113.52, 112.00, 56.09, 56.06, 

42.50. White solid.

Product-34

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6): δ 8.77 (br s, 3H), 7.64 – 7.50 (m, 2H), 7.39 – 7.29 (m, 3H).4.35 – 

3.93 (m, 1H), 2.24 – 1.63 (m, 2H), 1.40 – 0.89 (m, 4H), 0.78 (t, J = 7.0 Hz, 3H).
13C NMR (75 MHz, DMSO): δ 138.53, 129.07, 128.83, 128.03, 55.00, 34.38, 27.67, 22.12, 14.19. 

Off-White solid.

Product-16

NH3
+Cl-

O
O

O

1H NMR (300 MHz, DMSO-d6): δ 8.71 (br s, 3H), 6.98 (s, 2H), 4.02 (s, 2H), 3.78 (s, 6H), 3.64 (s, 

3H).
13C NMR (75 MHz, DMSO): δ 153.22, 137.73, 130.06, 107.10, 60.48, 56.52, 42.86. Off-White 

solid.
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Product-17

NH3
+Cl-

O
O

 1H NMR (300 MHz, DMSO-d6) δ 8.57 (brs, 3H), 7.28 (d, J = 1.9 Hz, 1H), 7.07 – 6.79 (m, 2H), 4.00 

(q, J = 6.9 Hz, 2H), 3.91 (s, 2H), 3.80 (s, 3H), 1.31 (t, J = 6.9 Hz, 3H).
13C NMR (75 MHz, DMSO) δ 149.22, 149.13, 148.44, 126.75, 121.89, 113.58, 113.07, 64.19, 

56.03, 42.50, 15.16.

Product-32

ClCl

F
NH3

+Cl-

1H NMR (300 MHz, DMSO-d6): δ 8.88 (br s, 3H), 8.16 (s, 2H), 4.65 (q, J = 6.7 Hz, 1H), 1.51 (d, J = 

6.7 Hz, 3H).
13C NMR (75 MHz, DMSO): δ 156.81(d, J=243.2 Hz), 138.49(d, J =6.3 Hz), 131.71(d, J =19.4 Hz), 

128.00(d, J =3.1Hz), 120.91(d, J =18.6 Hz), 116.45(d, J =39.4 Hz), 47.29, 20.03. Brown solid.

Product-39 diasterreomeric mixture (60:40)

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.34 (brs, 3H), 7.44 – 6.97 (m, 5H), 2.60 – 2.38 (m, 2H), 2.19 – 

1.85 (m, 3H), 1.85 – 1.41 (m, 5H).

Product-30

 

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.70 (brs, 3H), 7.36 (dd, J = 6.9, 1.5 Hz, 2H), 7.28 (dd, J = 8.4, 

7.1 Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H), 4.30 (q, J = 6.7 Hz, 1H), 2.31 (s, 3H), 1.52 (d, J = 6.7 Hz, 

3H).
13C NMR (75 MHz, DMSO) δ 139.91, 138.21, 129.28, 129.00, 127.94, 124.35, 50.52, 21.51, 21.34.
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Product-29

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.65 (brs, 3H), 7.55 – 7.35 (m, 2H), 7.24 (d, J = 7.8 Hz, 2H), 4.50 

– 4.19 (m, 1H), 2.60 (q, J = 7.6 Hz, 2H), 1.51 (d, J = 6.7 Hz, 3H), 1.16 (t, J = 7.5 Hz, 3H).
13C NMR (75 MHz, DMSO) δ 144.41, 137.19, 128.43, 127.34, 50.27, 28.32, 21.23, 16.13.

Product-4

NH3
+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.70 (brs, 3H), 7.75 – 7.59 (m, 6H), 7.51 – 7.44 (m, 2H), 7.41 – 

7.35 (m, 1H), 4.06 (d, J = 5.6 Hz, 2H).
13C NMR (75 MHz, DMSO) δ 140.62, 140.00, 133.74, 130.10, 129.45, 128.13, 127.20, 127.15, 

42.27.

Product-14

NH3
+Cl-

O

1H NMR (300 MHz, DMSO-d6) δ 8.73 (brs, 3H), 7.29 (dd, J = 8.3, 7.5 Hz, 1H), 7.21 (dd, J = 2.7, 1.5 

Hz, 1H), 7.12 – 7.03 (m, 1H), 6.91 (ddd, J = 8.3, 2.6, 1.0 Hz, 1H), 3.99 (s, 2H), 3.75 (s, 3H).
13C NMR (75 MHz, DMSO) δ 159.72, 135.96, 130.06, 121.45, 114.97, 114.40, 55.69, 42.54.

Product-38 (Diastereomeric mixture 50:50)
NH3

+Cl-

1H NMR (300 MHz, DMSO-d6) δ 8.18 (brs, 3H), 3.35 – 2.75 (m, 1H),  2.17 – 1.69 (m, 3H), 1.56 – 

1.23 (m, 4H), 1.09 – 0.90 (m, 2H), 0.82 (dd, J = 3.6, 1.4 Hz, 9H).

Product-33

NH3
+Cl-

O
1H NMR (300 MHz, DMSO-d6) δ 8.81 (brs, 3H), 7.56 (dd, J = 7.6, 1.7 Hz, 1H), 7.33 (ddd, J = 8.2, 

7.3, 1.6 Hz, 1H), 7.14 – 6.83 (m, 2H), 4.57 (q, J = 6.8 Hz, 1H), 3.82 (s, 3H), 1.49 (d, J = 6.8 Hz, 

3H).
13C NMR (75 MHz, DMSO) δ 156.43, 130.00, 127.49, 127.33, 120.98, 111.63, 56.10, 44.93, 19.95.
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Product-31

NH3
+Cl-

O

1H NMR (300 MHz, DMSO-d6) δ 8.81 (brs, 3H), 7.47 – 7.17 (m, 2H), 7.10 (dt, J = 7.8, 1.3 Hz, 1H), 

6.89 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H), 4.34 (d, J = 6.7 Hz, 1H), 3.76 (s, 3H), 1.65 – 1.25 (m, 3H).
13C NMR (75 MHz, DMSO) δ 159.85, 141.49, 130.17, 119.39, 114.23, 113.05, 55.73, 50.58, 21.36.

Product-50

O

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.19 – 7.10 (m, 1H), 6.85 – 6.78 (m, 2H), 6.74 – 6.66 (m, 1H), 

3.72 (s, 3H), 3.66 (d, J = 0.7 Hz, 2H), 3.03 (tt, J = 6.8, 6.3 Hz, 1H), 1.82 – 1.69 (m, 2H), 1.64 – 1.57 

(m, 2H), 1.50 – 1.37 (m, 2H), 1.35 – 1.20 (m, 2H).
13C NMR (75 MHz, CDCl3) δ 159.73, 159.73, 142.30, 129.34, 120.50, 113.72, 112.33, 59.11, 55.18, 

52.66, 33.13, 24.14, 24.11.

Product-49

O

N
H

O

1H NMR (300 MHz, Chloroform-d) δ 7.40 (dd, J = 1.9, 0.9 Hz, 1H), 7.27 (t, J = 8.0 Hz, 1H), 6.94 

(dddd, J = 4.8, 1.7, 1.3, 0.7 Hz, 2H), 6.83 (ddd, J = 8.3, 2.6, 1.1 Hz, 1H), 6.35 (dd, J = 3.2, 1.9 Hz, 

1H), 6.22 (dq, J = 3.2, 0.8 Hz, 1H), 3.82 (s, 3H), 3.82 – 3.81 (m, 2H), 3.80 (s, 2H), 2.03 (d, J = 5.5 

Hz, 1H).
13C NMR (75 MHz, CDCl3) δ 159.82, 153.83, 141.83, 141.54, 129.41, 120.56, 113.68, 112.65, 

110.16, 107.10, 55.16, 52.73, 45.33, 31.26.

Product-52

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.78 – 6.92 (m, 5H), 3.89 – 3.42 (m, 2H), 2.41 (qd, J = 6.4, 5.0 

Hz, 1H), 1.73 – 1.50 (m, 6H), 1.03 – 0.84 (m, 5H).
13C NMR (75 MHz, CDCl3) δ 141.00, 128.36, 128.15, 126.79, 57.12, 51.58, 42.98, 29.90, 28.13, 

26.83, 26.72, 26.59, 16.73.
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Product-42

N
H

F

1H NMR (300 MHz, Chloroform-d) δ 7.48 – 7.22 (m, 5H), 7.07 – 6.81 (m, 2H), 6.70 – 6.50 (m, 2H), 

4.33 (s, 2H).
13C NMR (75 MHz, CDCl3) δ 155.66 (d, J = 254.3 Hz), 144.15, 139.02, 128.70, 127.61, 127.40, 

115.67 (d, J = 21.4 Hz), 114.01 (d, J = 11.4 Hz), 49.15.

Product-48

N
H

Cl
1H NMR (300 MHz, Chloroform-d) δ 7.38 – 7.31 (m, 1H), 7.30 – 7.06 (m, 8H), 3.83 (s, 2H), 3.73 (s, 

2H).
13C NMR (75 MHz, CDCl3) δ 139.81, 137.32, 133.81, 130.30, 129.52, 128.44, 128.40, 128.25, 

127.09, 126.82, 53.02, 50.60.

Product-57

N
H

F

1H NMR (300 MHz, Chloroform-d) δ 6.97 – 6.71 (m, 2H), 6.58 (ddd, J = 8.9, 4.4, 2.0 Hz, 2H), 2.98 

(dd, J = 7.4, 1.8 Hz, 2H), 2.77 (s, 1H), 1.53 (dd, J = 11.0, 4.0 Hz, 2H), 1.23 – 1.17 (m, 9H), 0.86 – 

0.77 (m, 4H).
13C NMR (75 MHz, CDCl3) δ 154.96 (d, J = 252.3 Hz), 143.48, 115.67 (d, J = 21.4 Hz), 114.01 (d, J 

= 11.4 Hz),45.55, 31.70, 29.27, 29.13, 28.97, 27.01, 22.54, 14.02.

Product-54

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.51 – 7.19 (m, 10H), 3.89 (d, J = 3.0 Hz, 2H), 2.84 – 2.70 (m, 

4H), 2.02 – 1.89 (m, 2H), 1.72 (s, 1H).
13C NMR (75 MHz, CDCl3) δ 142.27, 140.54, 128.50, 128.50, 128.44, 128.25, 127.02, 125.87, 54.10, 

48.99, 33.75, 31.82.

Product-55

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.43 – 7.06 (m, 5H), 3.72 (s, 2H), 2.71 – 2.46 (m, 2H), 2.34 – 

1.89 (m, 2H), 1.51 – 1.36 (m, 2H), 1.29 – 1.14 (m, 6H), 0.85 – 0.76 (m, 3H).
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13C NMR (75 MHz, CDCl3) δ 139.97, 128.41, 128.24, 127.00, 53.91, 49.35, 31.76, 29.85, 27.03, 

22.62, 14.05.

Product-44

N
H

F

O

1H NMR (300 MHz, Chloroform-d) δ 7.44 – 7.16 (m, 1H), 7.04 – 6.75 (m, 4H), 6.68 – 6.47 (m, 2H), 

4.29 (s, 2H), 3.83 (s, 3H).
13C NMR (75 MHz, CDCl3) δ 159.95, 154.96 (d, J = 252.3 Hz), 144.50, 141.02, 129.69, 119.70, 

115.67 (d, J = 22.4 Hz), 113.69 (d, J = 10.4 Hz), 113.05, 112.66, 55.22, 48.89.

Product-41

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.62 – 7.30 (m, 5H), 7.30 – 7.18 (m, 2H), 6.88 – 6.59 (m, 3H), 

4.39 (d, J = 1.4 Hz, 2H).
13C NMR (75 MHz, CDCl3) δ 148.13, 139.28, 129.31, 128.68, 127.59, 127.29, 117.73, 113.01, 48.45.

Product-46

N
H

1H NMR (300 MHz, Chloroform-d) δ 7.63 – 7.14 (m, 10H), 3.90 (d, J = 1.7 Hz, 4H), 1.95 (d, J = 2.3 

Hz, 1H).
13C NMR (75 MHz, CDCl3) δ 140.32, 128.49, 128.26, 127.05, 53.21.

Product-56

O

O
N
H

F

1H NMR (300 MHz, Chloroform-d) δ 6.82 – 6.72 (m, 2H), 6.64 (dd, J = 7.9, 0.9 Hz, 1H), 6.57 – 6.47 

(m, 2H), 6.43 – 6.33 (m, 2H), 5.82 (s, 2H), 3.37 (s, 1H), 2.92 (dd, J = 12.3, 6.0 Hz, 1H), 2.78 (dd, J 

= 12.3, 7.0 Hz, 1H), 2.56 (dd, J = 13.6, 6.5 Hz, 1H), 2.43 – 2.25 (m, 1H), 1.98 – 1.79 (m, 1H), 0.91 – 

0.81 (m, 3H).
13C NMR (75 MHz, CDCl3) δ 154.96 (d, J = 252.3 Hz), 147.60, 145.80, 144.72, 134.24, 121.93, 

115.62 (d, J = 22.4 Hz), 113.59 (d, J = 10.4 Hz),  109.44, 108.10, 100.81, 50.51, 41.07, 35.13, 18.02.
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N

N
H

1H NMR (300 MHz, Chloroform-d) δ 8.92 – 8.29 (m, 2H), 7.72 (dq, J = 8.0, 1.4 Hz, 1H), 7.40 – 7.07 

(m, 3H), 6.90 – 6.51 (m, 3H), 4.38 (s, 2H), 4.10 (d, J = 30.4 Hz, 1H).
13C NMR (75 MHz, CDCl3) δ 149.07, 148.60, 147.65, 135.18, 135.03, 129.35, 123.60, 118.03, 

112.97, 45.79.
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