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Analytical data of final compounds: purity, 1H NMR, HRMS.

Comp. Structure Purity
(%)

1H NMR HRMS 

15-1

N

N
N

N

S

N
N

O

O 98.0

1H NMR (500 MHz, CDCl3)  8.82 
(bs, 1H), 7.97 (t, J = 1.5 H, 1H), 
7.92 (dt, J = 1.5, 7.7 Hz, 1H), 7.58 
(t, J = 7.7 Hz, 1H), 7.53-7.51 (m, 
1H), 4.09-4.07 (m, 2H), 3.87-3.85 
(m, 2H), 3.35 (s, 3H), 2.64 (s, 3H), 
2.59 (s, 3H).   

383.1275 
[M+H]+

16a

N

N
N

N

NH

N
N

O

O
98.4

1H NMR (400 MHz, CDCl3)  8.72 
(bs, 1H), 7.95 (t, J = 1.5 Hz, 1H), 
7.90 (dt, J = 1.7, 7.0 Hz, 1H), 7.47-
7.54 (m, 2H), 5.78 (bs, 1H), 4.04-
4.02 (m, 2H), 3.78-3.75 (m, 2H), 
3.47 (m, 2H), 3.23 (s, 3H), 2.60 (s, 
3H), 1.24 (t, J = 7.2 Hz, 3H).   

380.1831 
[M+H]+

16b

N

N
N

N

N

N
N

O

O
97.4

1H NMR (500 MHz, CDCl3)  8.82 
(bs, 1H), 7.97 (m, 1H), 7.91 (dt, J = 
1.5, 7.3 Hz, 1H), 7.56-7.51 (m, 2H), 
4.06-4.04 (m, 2H), 3.78-3.77 (m, 
2H), 3.74-3.70 (m, 2H), 3.24 (s, 
3H), 3.19 (s, 3H), 2.63 (s, 3H), 1.21 
(t, J = 7.0 Hz, 3H).   

394.1985 
[M+H]+

16c

N

N
N

N

NH

N
N

O

O 99.2

1H NMR (500 MHz, CDCl3)  8.75 
(bs, 1H), 7.96 (t, J = 1.5 H, 1H), 
7.91 (dt, J = 1.5, 7.5 Hz, 1H), 7.55-
7.49 (m, 2H), 5.66 (bs, 1H), 4.05-
4.03 (m, 2H), 3.79-3.78 (m, 2H), 
3.27 (s, 3H), 3.02 (d, J = 4.8 Hz, 
3H), 2.62 (s, 3H).   

366.1689 
[M+H]+
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16d

N

N
N

N

NH

N
N

O

O O 95.4

1H NMR (500 MHz, CDCl3)  8.76 
(bs, 1H), 7.97 (t, J = 1.5 H, 1H), 
7.92 (dt, J = 1.5, 7.5 Hz, 1H), 7.56-
7.49 (m, 2H), 5.70 (bs, 1H), 4.06-
4.04 (m, 2H), 3.79-3.78 (m, 2H), 
3.59 (t, J = 5.2 Hz, 2H), 3.41 (s, 
3H), 3.24 (s, 3H), 2.62 (s, 3H).   

410.1942 
[M+H]+

17

N

N
N

N

NH

N
N

O

O
99.0

1H NMR (300 MHz, CDCl3)  8.78 
(bs, 1H), 7.94 (t, J = 1.5 Hz, 1H), 
7.90 (dt, J = 1.5, 7.2 Hz, 1H), 7.56-
7.46 (m, 2H), 5.56 (bs, 1H), 4.03-
4.00 (m, 2H), 3.80-3.73 (m, 4H), 
3.50-3.41 (m, 2H), 2.61 (s, 3H), 
1.25 (t, J = 7.2 Hz, 3H), 1.23 (t, J = 
7.2 Hz, 3H).   

394.1995 
[M+H]+

23

N

N
N

N

NH

N
N

O

95.1

1H NMR (400 MHz, CDCl3)   7.78 
(bs, 1H), 7.39 (m, 1H), 7.34-7.29 
(m, 2H), 6.88-6.85 (m, 1H), 5.14 
(bs, 1H), 4.48 (s, 2H), 3.80-3.76 (m, 
4H), 3.42-3.35 (m, 2H), 3.12 (s, 
3H), 2.62 (s, 3H), 1.20 (t, J = 7.2 
Hz, 3H).   

366.2031 
[M+H]+

31aR

N

N
N

N

N
H

O

O

(R) N
H 97.2

1H NMR (400 MHz, CDCl3)   8.58 
(bs, 1H), 7.48-7.46 (m, 2H), 7.42-
7.38 (m, 2H), 7.34-7.26 (m, 2H), 
6.92-6.91 (m, 1H), 6.89-6.85 (m, 
2H), 5.42 (dd, J = 4.8, 8.0 Hz, 1H), 
3.94-3.92 (m, 2H), 3.77-3.76 (m, 
2H), 3.52-3.47 (m, 2H), 3.29 (s, 
3H), 2.85-2.73 (m, 2H), 2.44 (s, 
3H), 2.31-2.20 (m, 1H), 2.14-2.06 
(m, 1H), 1.29 (t, J = 7.2 Hz, 3H).   

461.2670

[M+H]+

31aS

N

N
N

N

N
H

O

O

(S) N
H 95.9

1H NMR (400 MHz, CD3OD)  
8.58 (bs, 1H), 7.48-7.46 (m, 2H), 
7.42-7.38 (m, 2H), 7.34-7.26 (m, 
2H), 6.92-6.91 (m, 1H), 6.89-6.85 
(m, 2H), 5.42 (dd, J = 4.8, 8.0 Hz, 
1H), 3.94-3.92 (m, 2H), 3.77-3.76 
(m, 2H), 3.52-3.47 (m, 2H), 3.29 (s, 
3H), 2.85-2.73 (m, 2H), 2.44 (s, 
3H), 2.31-2.20 (m, 1H), 2.14-2.06 
(m, 1H), 1.29 (t, J = 7.2 Hz, 3H).   

461.2670

[M+H]+
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31b

N

N
N

N

N
H

OO

H
N

97.2

1H NMR (400 MHz, CD3OD)  
8.56 (bs, 1H), 7.47-7.45 (m, 2H), 
7.41-7.37 (m, 2H), 7.33-7.29 (m, 
1H), 7.14 (d, J = 8.9 Hz, 2H), 6.99 
(d, J= 8.9 Hz, 2 H), 5.41 (dd, J = 
4.7, 8.1 Hz, 1H), 3.92-3.90 (m, 2H), 
3.78-3.76 (m, 2H), 3.51-3.46 (m, 
2H), 3.28 (s, 3H), 2.86-2.73 (m, 
2H), 2.44 (s, 3H), 2.31-2.20 (m, 
1H), 2.14-2.05 (m, 1H), 1.28 (t, J = 
7.2 Hz, 3H).   

461.2663 
[M+H]+

31c N

N
N

N

N
H

O

O
H
N 99.1

1H NMR (400 MHz, CD3OD)  
8.62 (bs, 1H), 7.47-7.33 (m, 5H), 
7.41-7.37 (m, 2H), 7.33-7.29 (m, 
1H), 7.14 (d, J = 8.9 Hz, 2H), 6.99 
(d, J = 8.9 Hz, 2 H), 5.41 (dd, J = 
4.7, 8.1 Hz, 1H), 3.92-3.90 (m, 2H), 
3.78-3.76 (m, 2H), 3.51-3.46 (m, 
2H), 3.28 (s, 3H), 2.86-2.73 (m, 
2H), 2.44 (s, 3H), 2.31-2.20 (m, 
1H), 2.14-2.05 (m, 1H), 1.28 (t, J= 
7.2 Hz, 3H).   

461.2654 
[M+H]+

31d

N

N
N

N

N
H

O

O

H
N

99.5

1H NMR (500 MHz, CD3OD)  
8.62 (bs, 1H), 7.51-7.43 (m, 5H), 
7.26 (dd, J = 1.6, 7.8 Hz, 1 H), 7.18 
(t, J = 7.3 Hz, 1H), 7.17 (t, J= 7.3 
Hz, 1H), 6.90 (d, J = 8.2 Hz, 1H), 
5.44 (bs, 1H), 4.00 (m, 4H), 3.55-
3.50 (m, 2H), 3.36 (s, 3H), 2.70 (t, 
J= 6.7 Hz, 2H), 2.33 (s, 3H), 2.24-
2.15 (m, 1H), 2.10-2.09 (m, 1H), 
1.31 (t, J = 7.2 Hz, 3H). 

475.2806

[M+H]+

31e

N

N
N

N

N
H

O

O N
H

100

1H NMR (400 MHz, CD3OD)  
8.54 (s, 1H), 7.39-7.33 (m, 5H), 
7.31-7.28 (m, 1H), 7.26-7.24 (m, 
3H), 4.47 (dd, J = 5.1, 8.2 Hz, 1H), 
4.40 (d, J = 12.0 Hz, 1H), 4.28 (d, J 
= 12.1 Hz, 1H), 3.95-3.94 (m, 2H), 
3.77-3.75 (m, 2H), 3.44-3.40 (m, 
2H), 3.23 (s, 3H), 2.68-2.64 (m, 
1H), 2.60-2.55 (m, 1H), 2.32 (s, 
3H), 2.06-1.99 (m, 1H), 1.89-1.82 
(m, 1H), 1.22 (t, J = 7.2 Hz, 3H).

475.2718

[M+H]+



S5

31f N

N
N

N

N
H

O

O

N
H

97.0

1H NMR (400 MHz, CDCl3)  8.68 
and 8.65 (bs, 1H), 7.55 and 7.43 
(bs, 1H), 7.36-7.21 (m, 7H), 7.13-
7.09 (m, 1H), 4.42-4.17 (m, 3H), 
3.87-3.42 (m, 6H), 3.16 and 3.12 (s, 
3H), 2.66-2.55 (m, 2H), 2.36 (s, 
3H), 2.07-1.91 (m, 1H), 1.87-1.80 
(m, 1H), 1.23 (t, J = 7.2 Hz, 3H).

475.2819

[M+H]+

32

N

N
N

N

N
H

O

O

N
96.1

1H NMR (400 MHz, CD3OD)  
8.50 (bs, 1H), 7.40-7.38 (m, 2H), 
7.34-7.30 (m, 2H), 7.26-7.18 (m, 
2H), 6.84-6.83 (m, 1H), 6.81-6.76 
(m, 2H), 5.31 (dd, J = 4.7, 7.9 Hz, 
1H), 3.85-3.84 (m, 2H), 3.69-3.67 
(m, 2H), 3.42 (q, J = 7.1, 16.0 Hz, 
2H), 3.21 (s, 3H), 2.59-2.41 (m, 
2H), 2.24 (s, 6H), 2.21-2.13 (m, 
1H), 2.05-1.96 (m, 1H), 1.21 (t, J = 
7.1 Hz, 3H).

475.2817 
[M+H]+

33R

N

N
N

(S) N

O

N
H

O (R) N
H

97.9

1H NMR (500 MHz, CDCl3)  8.76 
(s, 1H), 7.36-7.30 (m, 4H), 7.26-
7.23 (m, 1H), 7.16 (t, J = 8.0 Hz, 
1H), 6.77-6.71 (m, 3H), 5.24 (dd, J 
=4.7,  8.0 Hz, 1H), 4.67 (s, 1H), 
3.78-3.63 (m, 5H), 3.48-3.43 (m, 
2H), 2.74 (bs, 2H), 2.42 (s, 3H), 
2.20-2.13 (m, 1H), 2.06-1.96 (m, 3), 
1.88-1.78 (m, 1H), 1.58-1.49 (m, 
1H), 1.23 (t, J = 7.2 Hz, 3H).

487.2810

[M+H]+

33S

N

N
N

(S) N

O

N
H

O (S) N
H

98.2

1H NMR (500 MHz, CDCl3)  8.77 
(s, 1H), 7.35-7.30 (m, 4H), 7.26-
7.23 (m, 1H), 7.15 (t, J = 8.0 Hz, 
1H), 6.79-6.76 (m, 2H), 6.68 (dd, J 
= 8.3, 1.9 Hz, 1H), 5.24 (dd, J = 
8.0, 4.7 Hz, 1H), 4.67 (s, 1H), 3.88-
3.83 (m, 1H), 3.80-3.71 (m, 2H), 
2.69-2.62 (m, 2H), 3.48-3.42 (m, 
2H), 2.74 (bs, 2H), 2.42 (s, 3H), 
2.22-2.10 (m, 1H), 2.03-1.97 (m, 
2H), 1.89-1.79 (m, 1H), 1.61-1.52 
(m, 1H), 1.23 (t, J = 7.2 Hz, 3H).

487.2809

[M+H]+
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34

N

N

N
H

N

O

O

NH

97.5

1H NMR (400 MHz, CD3OD)  
8.65 (s, 2H), 7.38-7.36 (m, 2H), 
7.33-7.30 (m, 2H), 7.25-7.22 (m, 
2H), 6.86-6.84 (m, 1H), 6.75-6.74 
(m, 2H), 5.31 (dd, J = 4.7, 8.0 Hz, 
1H), 3.99-3.88 (m, 2H), 2.88 (s, 
3H), 2.75-2.66 (m, 2H), 2.36 (s, 
3H), 2.22-2.15 (m, 1H), 2.06-1.99 
(m, 1H), 1.08 (t, J = 7.2 Hz, 3H).

420.2380

[M+H]+

43S

N

N
N

N

S

O

O

(S) N
H

S

100%

1H NMR (400 MHz, CD3OD)  
8.56 (s, 1H), 7.32 (dd, J = 1.1 Hz, J 
= 5.2 Hz, 1H), 7.25 (t, 1H), 7.10 
(dd, J = 0.9, 3.5 Hz, 1H), 6.95-6.89 
(m, 3H), 6.84 (ddd, J = 0.8, 1.9, 7.9 
Hz, 1H), 5.67 (dd, J = 5.7, 7.6, 1H), 
3.93-3.91 (m, 2H), 3.81-3.79 (m, 
2H), 3.30 (s, 3H), 2.75-2.62 (m, 
2H), 2.54 (s, 3H), 2.36 (s, 3H) 2.33-
2.23 (m, 1H), 2.14-2.06 (m, 1H).

470.1687

[M+H]+

45aR

N

N
N

N

N
H

O

O

(R) N
H

S

99.6%

1H NMR (400 MHz, CD3OD)  
8.52 (s, 1H), 7.32 (dd, J = 1.1, 5.2 
Hz, 1H), 7.24 (t, J = 8.2 Hz, 1H), 
7.10 (dd, J = 0.7, 3.5 Hz, 1H), 6.95 
(dd, J = 3.5, 5.1 Hz, 1H), 6.92-6.88 
(m, 2H), 6.83 (ddd, J = 0.7, 1.7, 8.2 
Hz, 1H), 5.67 (dd, J = 5.7, 7.5 Hz, 
1H), 3.89-3.87 (m, 2H), 3.73-3.71 
(m, 2H), 3.45-3.40 (m, 2H), 3.22 (s, 
3H), 2.72-2.66 (m, 2H), 2.36 (s, 
3H), 2.36-2.25 (m, 1H), 2.14-2.06 
(m, 1H), 1.22 (t, J = 7.2 Hz, 3H).

467.2234

[M+H]+

45aS

N

N
N

N

N
H

O

O

(S) N
H

S

99.3%

1H NMR (400 MHz, CD3OD)  
8.52 (s, 1H), 7.32 (dd, J = 1.1, 5.2 
Hz, 1H), 7.24 (t, J = 8.2 Hz, 1H), 
7.10 (dd, J = 0.7, 3.5 Hz, 1H), 6.95 
(dd, J = 3.5, 5.1 Hz, 1H), 6.92-6.88 
(m, 2H), 6.83 (ddd, J = 0.7, 1.7, 8.2 
Hz, 1H), 5.67 (dd, J = 5.7, 7.5 Hz, 
1H), 3.89-3.87 (m, 2H), 3.73-3.71 
(m, 2H), 3.45-3.40 (m, 2H), 3.22 (s, 
3H), 2.72-2.66 (m, 2H), 2.36 (s, 
3H), 2.36-2.25 (m, 1H), 2.14-2.06 
(m, 1H), 1.22 (t, J = 7.2 Hz, 3H).

467.2233

[M+H]+
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45b

N

N
N

N

N

O

O

N
H

S

100%

1H NMR (400 MHz, CD3OD)  
8.58 (s, 1H), 7.32 (dd, J = 1.2 5.1 
Hz, 1H), 7.24 (t, 1H), 7.10 (dd, J = 
1.1, 3.3 Hz, 1H), 6.95 (dd, J = 3.6, 
5.1 Hz, 1H), 6.92-6.88 (m, 2H), 
6.83 (ddd, J = 0.7, 1.9, 8.0 Hz, 1H), 
5.68 (dd, J = 5.4, 7.5, 1H), 3.88-
3.86 (m, 2H), 3.72-3.70 (m, 2H), 
3.21 (s, 3H), 3.18 (s, 6H), 2.85-2.72 
(m, 2H), 2.41 (s, 3H), 2.35-2.27 (m, 
1H), 2.17-2.10 (m, 1H).

467.2230

[M+H]+

45cS

N

N
N

N

NH2

O

O

(S) N
H

S

100%

1H NMR (400 MHz, CD3OD)  
8.52 (s, 1H), 7.30 (d, J = 4.9 Hz, 
1H), 7.23 (t, 1H), 7.09 (d, J = 3.6 
Hz, 1H), 6.94-6.87 (m, 3H), 6.81 (d, 
J = 7.9 Hz, 1H), 5.66 (dd, J = 5.8, 
7.7, 1H), 3.85-3.83 (m, 2H), 3.68-
3.66 (m, 2H), 3.17 (s, 3H), 2.75-
2.62 (m, 2H), 2.35 (s, 3H), 2.33-
2.24 (m, 1H), 2.14-2.06 (m, 1H).

439.1902 
[M+H]+

46S

N

N
N

N

O

O

(S) N
H

S

99.2%

1H NMR (400 MHz, CD3OD)  
8.72 (s, 1H), 8.56 (s, 1H), 7.32 (dd, 
J = 0.9, 4.9 Hz, 1H), 7.27 (t, 1H), 
7.10 (d, J = 3.3 Hz, 1H), 6.96-6.91 
(m, 3H), 6.87 (d, J = 8.0 Hz, 1H), 
5.68 (dd, J = 5.7, 7.7 Hz, 1H), 3.95-
3.93 (m, 2H), 3.84-3.82 (m, 2H), 
3.28 (s, 3H), 2.76-2.63 (m, 2H), 
2.36 (s, 3H), 2.34-2.24 (m, 1H), 
2.15-2.06 (m, 1H).

424.1808 
[M+H]+

47S

N

N
N

N

O

O

(S) N
H

S

96.1%

1H NMR (400 MHz, CD3OD)  
8.74 (s, 1H), 7.40 (dd, J = 1.1, 5.0 
Hz, 1H), 7.34 (t, 1H), 7.18 (dd, J = 
1.1, 3.5 Hz, 1H), 7.04-6.98 (m, 3H), 
6.94 (ddd, J = 0.8, 1.9, 7.9 Hz, 1H), 
5.76 (dd, J = 5.7, 7.5, 1H), 4.01-
3.99 (m, 2H), 3.90-3.88 (m, 2H), 
3.36 (s, 3H), 2.84-2.71 (m, 2H), 
2.58 (s, 3H), 2.44 (s, 3H), 2.42-2.31 
(m, 1H), 2.21-2.14 (m, 1H).

438.1959 
[M+H]+
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48

N

N
N

N

O

O

N
H

S

CF3

97.7%

1H NMR (400 MHz, CDCl3)   9.01 
(s, 1H), 7.28 (d, J = 8.1 Hz, 1H), 
7.24 (dd, J = 1.2, 5.1 Hz, 1H), 7.04 
(d, J = 3.4 Hz, 1H), 6.95 (dd, J = 3.6 
Hz, 5.2 Hz, 1H), 6.90-6.85 (m, 3H), 
5.60 (dd, J = 5.6, 7.7 Hz, 1H), 3.97-
3.95 (m, 2H), 3.82-3.80 (m, 2H), 
3.33 (s, 3H), 2.80-2.71 (m, 2H), 
2.44 (s, 3H), 2.34-2.27 (m, 1H), 
2.14-2.08 (m, 1H), 1.89 (br, 1H).

492.1665 
[M+H]+

56S
N

N

N

O

O

(S) N
H

S

N
H

100%

1H NMR (400 MHz, CDCl3)   8.44 
(s, 1H), 7.27-7.20 (m, 3H), 7.03-
7.01 (m, 1H), 6.95-6.91 (m, 3H), 
6.83-6.80 (m, 1H), 5.57-5.54 (m, 
2H), 4.76 (br, 1H), 3.88-3.84 (m, 
2H), 3.50-3.46 (m, 2H), 3.31-3.26 
(m, 2H), 2.91 (s, 3H), 2.76-2.71 (m, 
2H), 2.42 (s, 3H), 2.31-2.25 (m, 
1H), 2.12-2.05 (m, 1H), 1.30-1.25 
(m, 3H).

466.2274 
[M+H]+

57S

N
N

N

O

O

(S) N
H

S

N
H

96.0%

1H NMR (400 MHz, CDCl3)   7.94 
(d, J = 8.5 Hz, 1H), 7.22-7.18 (m, 
2H), 7.01 (d, J = 3.4 Hz, 1H), 6.94-
6.87 (m, 3H), 6.79 (dd, J = 2.3, 8.4 
Hz, 1H), 5.86 (d, J = 8.5 Hz, 1H), 
5.55 (dd, J = 5.6, 7.6 Hz, 1H), 4.59 
(br, 1H), 3.89-3.87 (m, 2H), 3.58-
3.56 (m, 2H), 3.39-3.32 (m, 2H), 
3.07 (s, 3H), 2.77-2.67 (m, 2H), 
2.41 (s, 3H), 2.32-2.21 (m, 1H), 
2.12-2.04 (m, 1H), 1.24 (t, 3H).

466.2276 
[M+H]+

59S

N
N

N

O

O

(S) N
H

S

97.6%

1H NMR (400 MHz, CDCl3)   8.33 
(dd, J = 2.1, 4.8Hz, 1H), 8.04 (dd, J 
= 2.1, 7.6 Hz, 1H), 7.27-7.22 (m, 
2H), 7.02 (d, J = 3.1 Hz, 1 H), 6.96-
6.91 (m, 3H), 6.85 (dd, J = 2.3, 8.2 
Hz, 1H), 6.80 (dd, J = 4.8, 7.8 Hz, 
1H), 5.57 (dd, J = 5.4, 7.7 Hz, 1H), 
3.90-3.87 (m, 2H), 3.61-3.58 (m, 
2H), 3.08 (s, 3H), 2.77-2.67 (m, 
2H), 2.42 (s, 3H), 2.35-2.20 (m, 
1H), 2.14-2.03 (m, 1H).

423.1849 
[M+H]+
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61S

N
N

N

O

O

(S) N
H

S

95.0%

1H NMR (400 MHz, CDCl3)   7.95 
(d, J = 7.6 Hz, 1H), 7.26-7.21 (m, 
2H), 7.02 (d, J = 3.4 Hz, 1 H), 6.95-
6.89 (m, 3H), 6.85 (ddd, J = 0.9, 2.4 
Hz, 8.4 Hz, 1H), 6.64 (d, J = 7.7 
Hz, 1H), 5.57 (dd, J = 5.3, 7.5 Hz, 
1H), 3.89-3.86 (m, 2H), 3.60-3.57 
(m, 2H), 3.09 (s, 3H), 2.77-2.69 (m, 
2H), 2.44 (s, 3H), 2.42 (s, 3H), 
2.34-2.21 (m, 1H), 2.14-2.03 (m, 
1H).

437.2010 
[M+H]+

63S

N
N

N

O

O

(S) N
H

S

OMe

99.5%

1H NMR (400 MHz, CDCl3)   7.95 
(d, J = 8.5 Hz, 1H), 7.33 (dd, J = 
1.0, 5.0 Hz, 1H), 7.26 (t, J = 7.9 Hz, 
1 H), 7.12 (d, J = 3.4 Hz, 1H), 6.96-
6.94 (m, H), 6.91 (dd, J = 2.8 Hz, J 
= 8.2 Hz, 1H), 6.86 (dd, J = 1.0 Hz, 
J = 7.9 Hz, 1H), 6.13 (d, J = 8.4 Hz, 
1H), 5.71 (dd, J = 5.3, 7.6 Hz, 1H), 
3.92 (s, 3H), 3.89-3.87 (m, 2H), 
3.68-3.66 (m, 2H), 3.16 (s, 3H), 
2.94-2.79 (m, 2H), 2.47 (s, 3H), 
2.42 (s, 3H), 2.39-2.30 (m, 1H), 
2.21-2.13 (m, 1H).

453.1948 
[M+H]+

65
N

N

N

O

O

N
H

S

96.6%

1H NMR (400 MHz, CDCl3)   8.34 
(d, J = 3.9 Hz, 1H), 7.33-7.20 (m, 
4H), 7.05-6.98 (m, 3H), 6.93 (dd, J 
= 3.5, 5.1 Hz, 1H), 6.85 (dd, J = 
1.9, 8.2 Hz, 1H), 5.57 (dd, J = 5.6, 
7.6 Hz, 1H), 3.78-3.74 (m, 2H), 
3.33-3.29 (m, 2H), 2.86 (s, 3H), 
2.75-2.70 (m, 2H), 2.41 (s, 3H), 
2.35-2.20 (m, 1H), 2.14-2.03 (m, 
1H).

423.1863 
[M+H]+

67

NN

N

O

O

N
H

S

99.1%

1H NMR (400 MHz, CDCl3)   8.31 
(s, 1H), 8.29 (d, J = 4.8 Hz, 1H), 
7.55 (d, J = 4.9 Hz, 1H), 7.29-7.25 
(m, 2H), 7.05 (d, J = 3.2 Hz, 1 H), 
7.00 (t, J = 2.0 Hz, 1H), 6.98-6.95 
(m, 2H), 6.89 (dd, J = 2.1, 8.4 Hz, 
1H), 5.60 (dd, J = 5.4, 7.6 Hz, 1H), 
3.81-3.79 (m, 2H), 3.45-3.40 (m, 
2H), 3.00 (s, 3H), 2.81-2.72 (m, 
2H), 2.45 (s, 3H), 2.35-2.28 (m, 
1H), 2.15-2.09 (m, 1H).

423.1856 
[M+H]+
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69

N

N

O

O

N
H

S

97.0%

1H NMR (400 MHz, CDCl3)   7.62 
(dd, J = 1.6, 7.6 Hz, 1H), 7.41 (td, J 
= 1.8, 7.7 Hz, 1H), 7.23-7.19 (m, 
2H), 7.10 (d, J = 3.4 Hz, 1H), 7.03-
6.90 (m, 5H), 6.83 (dd, J = 2.0, 8.2 
Hz, 1H), 5.75 (dd, J = 5.1, 8.4 Hz, 
1H), 3.76-3.73 (m, 2H), 3.31-3.29 
(m, 2H), 3.13-3.03 (m, 2H), 2.87 (s, 
3H), 2.57 (s, 3H), 2.54-2.45 (m, 
1H), 2.38-2.27 (m, 1H).

422.1909 
[M+H]+

71R

N

N

O

O

(R) N
H

S

96.6%

1H NMR (400 MHz, CDCl3)   
7.21-7.14 (m, 2H), 7.99 (dd, J = 3.2, 
5.1 Hz, 1H), 6.78-6.74 (m, 3H), 
5.52 (dd, J = 5.4, 7.8 Hz, 1H), 3.75 
(d, J = 6.2 Hz, 2H), 3.31-3.29 (m, 
2H), 2.82-2.79 (m, 2H), 2.75-2.62 
(m, 6H), 2.39 (s, 3H), 2.39 (s,3H), 
2.30-2.21 (m, 1H), 2.10-2.01 (m, 
1H).

374.1908 
[M+H]+

71S

N

N

O

O

(S) N
H

S

98.7%

1H NMR (400 MHz, CDCl3)    
7.21-7.14 (m, 2H), 7.99 (dd, J = 3.2 
Hz, J = 5.1 Hz, 1H), 6.78-6.74 (m, 
3H), 5.52 (dd, J = 5.4, 7.8 Hz, 1H), 
3.75 (d, J = 6.2 Hz, 2H), 3.31-3.29 
(m, 2H), 2.82-2.79 (m, 2H), 2.75-
2.62 (m, 6H), 2.39 (s, 3H), 2.39 
(s,3H), 2.30-2.21 (m, 1H), 2.10-
2.01 (m, 1H).

374.1895 
[M+H]+
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13C NMR data for selected final compounds.

Comp. Structure 13C NMR

15-1

N

N
N

N

S

N
N

O

O

13C NMR (100 MHz, CDCl3) δ 
174.39, 166.99, 164.18, 161.72, 
156.81, 143.90, 130.04, 129.26, 
125.16, 125.00, 123.94, 108.18, 
55.23, 48.99, 38.69, 14.14, 11.11.

16a

N

N
N

N

NH

N
N

O

O

13C NMR (100 MHz, CDCl3) δ 
167.62, 164.25, 163.74, 163.67, 
162.07, 158.50, 144.34, 129.81, 
129.33, 124.86, 124.49, 124.05, 
54.92, 49.17, 38.41, 36.19, 14.81, 
11.02.

31aR

N

N
N

N

N
H

O

O

(R) N
H

13C NMR (100 MHz, CD3OD) δ 
168.37, 162.44, 158.68, 158.49, 
144.73, 141.47, 129.56, 128.37, 
127.49, 125.89, 118.42, 114.28, 
114.23, 78.27, 54.43, 49.71, 47.50, 
37.64, 37.48, 35.72, 34.70, 13.74.

45cS

N

N
N

N

NH2

O

O

(S) N
H

S

13C NMR (100 MHz, CD3OD) δ 
168.08, 163.19, 162.62, 158.73, 
158.41, 144.71, 144.59, 129.64, 
126.31, 125.38, 124.98, 118.88, 
114.54, 114.50, 103.44, 74.57, 
54.53, 49.64, 47.55, 37.84, 37.62, 
34.78.
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59S

N
N

N

O

O

(S) N
H

S

13C NMR (100 MHz, CDCl3) δ 
168.78, 158.63, 155.56, 151.22, 
144.97, 143.72, 140.87, 129.85, 
126.59, 124.89, 124.83, 119.64, 
118.90, 114.68, 114.51, 114.34, 
74.99, 56.81, 49.17, 4817, 38.76, 
36.53.
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1H NMR and 13C NMR spectra figures of compounds 45cS and 59S.

1H-NMR and 13C-NMR of the free base of compound 45cS
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1H-NMR and 13C-NMR of compound 59S.
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Enantiomeric excess by chiral HPLC and optical rotation of enantiopure compounds.

Comp. ee
(%)

Chiral Chromatographic 
conditions

Optical rotation
[α]20D

31aR
100 Method 3 +8.3 (c, 0.18, 

MeOH)

31aS
100 Method 3 -3.9 (c, 0.07, 

MeOH)

33R (ed)

100
Method 5 +41.8 (c, 0.17, 

MeOH)

33S (ed)

100
Method 5 +66.3 (c, 0.12, 

MeOH)

43S
99.4 Method 4 -43.8 (c, 0.19, 

MeOH)

45aR
100 Method 4 +42.29 (c, 0.17, 

MeOH)

45aS
98.0 Method 4 -41.9 (c, 0.20, 

MeOH)

45cS
99.1 Method 3 -44.4 (c, 0.17, 

MeOH)

46S
99.5 Method 5 -38.8 (c, 0.18, 

MeOH)

47S
100 Method 5 -30.5 (c, 0.19, 

MeOH)

56S
98.9 Method 3 -46.9 (c, 0.17, 

MeOH)

57S
100 Method 5 -35.1 (c, 0.17, 

MeOH)
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59S
100 Method 5 -32.1 (c, 0.17, 

MeOH)

61S
100 Method 5 -36.3 (c, 0.04, 

MeOH)

63S
99.2 Method 4 -35.1 (c, 0.17, 

MeOH)

71R
95.8 Method 4 +48.2 (c, 0.21, 

MeOH)

71S
96.3 Method 4 -47.1 (c, 0.48, 

MeOH)

                           Methods described in the experimental part
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Chemical characterization of intermediates.

Intermediate Structure Chemical Name NMR

15-2
N

N
N

N

S

N
N

O

O

9-Ethyl-6-(3-(5-methyl-
1,3,4-oxadiazol-2-

yl)phenyl)-2-(methylthio)-
6,7,8,9-tetrahydro-5H-

pyrimido[4,5-
e][1,4]diazepin-5-one

1H NMR (400 MHz, 
CDCl3)   8.80 (s, 1H), 7.94 
(t, J= 1.5 Hz, 1H), 7.91 (dt, 
J= 1.5, 7.7 Hz, 1H), 7.53 (t, 

J = 8 Hz, 1H), 7.47 (m, 
1H), 4.03 (m, 2H), 3.83 (m, 

4H), 3.81 (q, J = 7.1 Hz, 
2H), 2.60 (s, 3H), 2.53 (s, 
3H), 1.25 (t, J = 7.1 Hz, 

3H).

26R-meta

I

O (R) Cl

(R)-1-(3-Chloro-1-
phenylpropoxy)-3-

iodobenzene

1H NMR (300 MHz, 
CDCl3)   7.41-7.36 (m, 

4H), 7.32 (m, 1H), 7.29 (m, 
1H), 7.25 (m, 1H), 6.91 (t, J 

= 8.5 Hz, 1H), 6.82 (m, 
1H), 5.37 (m, 1H), 3.84-

3.77 (m, 1H), 3.65-3.58 (m, 
1H), 2.53-2.43 (m, 1H), 

2.28-2.18 (m, 1H).

27-1R-meta

I

O (R) N
Boc

tert-Butyl (R)-(3-(3-
iodophenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (300 MHz, 
CDCl3)   7.41-7.26 (m, 

5H), 7.25 (m, 1H), 7.21 (m, 
1H), 6.88 (t, J = 8.5 Hz, 

1H), 6.77 (m, 1H), 5.10 (m, 
1H), 3.56-3.26 (m, 2H), 

2.87 (s, 3H), 2.28-2.01 (m, 
2H), 1.52-1.33 (bs, 9H).

27-1-ortho

O N
Boc

I

tert-Butyl (3-(2-
iodophenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (300 MHz, 
CDCl3)   7.74 (dd, J = 1.6, 
7.8 Hz, 1H), 7.34-7.22 (m, 
5H), 7.07 (td, J = 1.6, 7.8 
Hz, 1H), 6.61 (td, J = 1.2, 

7.6 Hz, 1H), 6.55 (d, J = 8.2 
Hz, 1H), 5.21-5.17 (m, 1H), 
3.63-3.28 (m, 2H), 2.86 (s, 

3H), 2.27-2.01 (m, 2H), 
1.38 (s, 9H).
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27-1-para

O N
Boc

Br

tert-Butyl (3-(4-
bromophenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (400 MHz, 
CDCl3)  7.34-7.24 (m, 
5H), 6.69 (d, J = 8.9 Hz, 
2H), 5.07-5.04 (m, 1H), 

3.49-3.27 (m, 2H), 2.84 (s, 
3H), 2.20-2.01 (m, 2H), 

1.39 (bs, 9H).

27-2-meta

Br

O

N
Boc

tert-Butyl (3-((3-
bromobenzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (400 MHz, 
CDCl3)  7.48 (s, 1H), 

7.44-7.37 (m, 3H), 7.37-
7.30 (m, 3H), 7.26-7.19 (m, 
2H), 4.40 (d, J = 12.1 Hz, 

1H), 4.34 (m, 1H), 4.25 (d, 
J = 12.1 Hz, 1H), 3.41-3.22 
(m, 2H), 2.85 (s, 3H), 2.07 
(m, 1H), 1.94 (m, 1H), 1.45 

(s, 9H).

27-2-ortho

O

N
Boc

Br

tert-Butyl (3-((2-
bromobenzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (500 MHz, 
CDCl3)   7.51 (d, J = 7.9 

Hz, 2H), 7.38-7.29 (m, 5H), 
7.14 (td, , J = 1.4, 7.6 Hz, 
1H), 4.46-4.33 (m, 3H), 

3.40-3.20 (m, 2H), 2.82 (s, 
3H), 2.17-1.91 (m, 2H), 

1.41 (s, 9H).

27-2-para

O

N
Boc

Br

tert-Butyl (3-((4-
bromobenzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (500 MHz, 
CDCl3)  7.45 (d, J = 8.3 

Hz, 2H), 7.37-7.28 (m, 5H), 
7.17 (d, , J = 8.3 Hz, 2H), 
4.36 (d, J = 11.9 Hz, 1H), 
4.32 (dd, J = 4.8, 8.3 Hz, 
1H), 4.21 (d, J = 12.1 Hz, 
1H), 3.39-3.21 (m, 2H), 

2.82 (s, 3H), 2.08-2.01 (m, 
1H), 1.94-1.87 (m, 1H), 

1.43 (s, 9H).

30-1a

N

N
N

N

S

O

O

(R) N
Boc

tert-Butyl (R)-methyl(3-(3-
(9-methyl-2-(methylthio)-5-
oxo-5,7,8,9-tetrahydro-6H-

pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-
phenylpropyl)carbamate

1H NMR (500 MHz, 
CDCl3)   8.78 (s, 1H), 7.35 
(m, 4H), 7.28 (m, 1H), 7.20 
(m, 1H), 6.82 (m, 2H), 6.72 
(m, 1H), 5.13 (m, 1H), 3.90 
(m, 2H), 3.71 (m, 2H), 3.41 
(m, 2H), 3.28 (s, 3H), 2.86 
(s, 3H), 2.57 (s, 3H), 2.14 

(m,2 H), 1.42 (s, 9H).
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30-1b

N

N
N

N

S

OO

N
Boc

tert-Butyl methyl(3-(4-(9-
methyl-2-(methylthio)-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-

phenylpropyl)carbamate

1H NMR (300 MHz, 
CDCl3)   8.73 (s, 1H), 7.32 
(m, 4H), 7.26 (m, 1H), 7.06 
(d, J = 9 Hz, 2H), 6.84 (d, J 
= 9 Hz, 2H), 5.10 (m, 1H), 
3.87 (m, 2H), 3.71 (m, 2H), 
3.40 (m, 2H), 3.24 (s, 3H), 
2.85 (s, 3H), 2.52 (s, 3H), 
2.21-2-02 (m, 2H), 1.41 (s, 

9H).

30-1c
N

N
N

N

S

O

ON
Boc

tert-Butyl methyl(3-(2-(9-
methyl-2-(methylthio)-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-

phenylpropyl)carbamate

1H NMR (400 MHz, 
CDCl3)   8.88 (s, 1H), 

7.38-7.25 (m, 5H), 7.21 (dd, 
J = 1.4, 7.7 Hz, 1H), 7.11 (t, 
J = 7.8 Hz, 1H), 6.94 (t, J = 
7.8 Hz, 2H), 6.76 (d, J = 8.5 
Hz, 1H), 5.19 (m, 1H), 3.95 
(m, 2H), 3.87 (m, 2H), 3.32 
(s, 3H), 3.28 (m, 2H), 2.74 
(s, 3H), 2.58 (s, 3H), 2.10 

(m, 2H), 1.39 (bs, 9H).

30-2d

N

N
N

N

S

O

O

N
Boc

tert-Butyl methyl(3-((3-(9-
methyl-2-(methylthio)-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)benzyl)oxy)-3-

phenylpropyl)carbamate

1H NMR (400 MHz, 
CDCl3)   8.79 (s, 1H), 7.36 
(m, 6H), 7.22 (m, 3H), 4.42 
(m, 1H), 4.35 (m, 1H), 4.29 
(m, 1H), 4.00 (m, 2H), 3.80 
(m, 2H), 3.35 (m, 2H), 3.29 
(s, 3H), 2.82 (s, 3H), 2.56 
(s, 3H), 2.06 (m, 1H), 1.92 

(m, 1H), 1.43 (s, 9H).

30-2e

N

N
N

N

S

O

O N
Boc

tert-Butyl methyl(3-((4-(9-
methyl-2-(methylthio)-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)benzyl)oxy)-3-

phenylpropyl)carbamate

1H NMR (400 MHz, 
CDCl3)    8.78 (s, 1H), 

7.39-7.23 (m, 9H), 4.41 (d, 
J= 11.8 Hz, 1H), 4.35 (dd, 
J= 4.8, 8.4 Hz, 1 H), 4.26 

(d, J = 11.8 Hz, 1 H), 3.99-
3.97 (m, 2H), 3.80-3.78 (m, 
2H), 3.34 (bs, 2H), 3.28 (s, 
3H), 2.82 (s, 3H),  2.54 (s, 

3H), 2.09-2.00 (m, 1H), 
1.92-1.87 (bs, 1H), 1.42 (s, 

9H).

30-2f
N

N
N

N

S

O

O

N
Boc

tert-Butyl methyl(3-((2-(9-
methyl-2-(methylthio)-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-

1H NMR (400 MHz, 
CDCl3)  8.72-8.66 (m, 
1H), 7.57-7.43 (m, 1H), 
7.32-7.25 (m, 7H), 7.10-

7.09 (m, 1H), 4.31-4.27 (m, 
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yl)benzyl)oxy)-3-
phenylpropyl)carbamate

3H), 3.84-3.51 (m, 4H), 
3.23-3.17 (m, 5H), 2.77 (bs, 
3H), 2.53 (s, 3H), 2.14-1.89 

(m, 2H), 1.40 (s, 9H).

BOC intermediate 
for 31aR

N

N
N

N

N
H

O

O

(R) N
Boc

tert-Butyl (R)-(3-(3-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (500 MHz, 
CDCl3)   8.71 (s, 1H), 7.35 
(m, 4H), 7.26 (m, 1H), 7.17 
(m, 1H), 6.83 (m, 2H), 6.68 
(m, 1H), 5.11 (m, 1H), 3.87 
(m, 2H), 3.63 (m, 2H), 3.48 
(m, 2H), 3.40 (m, 2H), 3.20 
(s, 3H), 2.85 (s, 3H), 2.16 

(m, 1H), 2.09 (m, 1H), 1.42 
(s, 9H), 1.25 (t, J = 7 Hz, 

3H).

BOC intermediate 
for 31b

N

N
N

N

N
H

OO

N
Boc

tert-Butyl (3-(4-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (500 MHz, 
CDCl3)   8.70 (s, 1H), 7.35 
(m, 4H), 7.26 (m, 1H), 7.07 
(d, J = 9 Hz, 2H), 6.84 (d, J 
= 9 Hz, 2H), 5.10 (m, 1H), 
3.87 (m, 2H), 3.67 (m, 2H), 
3.46 (m, 2H), 3.41 (m, 2H), 
3.20 (s, 3H), 2.86 (s, 3H), 

2.16 (m, 1H), 2.08 (m, 1H), 
1.44 (s, 9H), 1.24 (t, J = 7.1 

Hz, 3H).

BOC intermediate 
for 31c N

N
N

N

N
H

O

ON
Boc

tert-Butyl (3-(2-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (300 MHz, 
CDCl3)   8.80 (s, 1H), 

7.37-7.22 (m, 5H), 7.20 (dd, 
J = 1.4, 7.7 Hz, 1H), 7.07 

(m, 1H), 6.91 (t, J = 7.7 Hz, 
2H), 6.72 (d, J = 8 Hz, 1H), 
5.17 (m, 1H), 3.91 (m, 2H), 
3.81 (m, 2H), 3.48 (m, 2H), 
3.29 (m, 2H), 3.24 (s, 3H), 
2.72 (s, 3H), 2.09 (m, 2H), 
1.37 (bs, 9H), 1.25 (t, J = 

7.4 Hz, 3H).

BOC intermediate 
for 31d

N

N
N

N

N
H

O

O

N
Boc

tert-Butyl (3-((3-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)benzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (300 MHz, 
CDCl3)   8.73 (s, 1H), 7.35 
(m, 6H), 7.21 (m, 3H), 5.26 
(bs, 1H), 4.35 (m, 3H), 3.98 
(m, 2H), 3.73 (m, 2H), 3.48 
(m, 2H), 3.33 (m, 2H), 3.23 
(s, 3H), 2.82 (s, 3H), 2.05 

(m, 1H), 1.92 (m, 1H), 1.43 
(s, 9H), 1.25 (t, J = 7 Hz, 



S21

3H).

BOC intermediate 
for 31e

N

N
N

N

N
H

O

O N
Boc

tert-Butyl (3-((4-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)benzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (400 MHz, 
CDCl3)   8.73 (s, 1H), 

7.40-7.30 (m, 7H), 7.27-
7.23 (m, 2H), 4.41 (d, J= 

11.7 Hz, 1H), 4.34 (dd, J= 
4.8, 8.3 Hz, 1 H), 4.25 (d, 

J= 11.7 Hz, 1 H), 3.98-3.95 
(m, 2H), 3.73-3.70 (m, 2H), 
3.51-3.42 (m, 2H), 3.31 (bs, 
2H), 3.22 (s, 3H), 2.82 (s, 
3H),  2.07-1.98 (m, 1H), 

1.93-1.87 (m, 1H), 1.42 (s, 
9H), 1.24 (t, J = 7.2 Hz, 

3H).

BOC intermediate 
for 31f N

N
N

N

N
H

O

O

N
Boc

tert-Butyl (3-((2-(2-
(ethylamino)-9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)benzyl)oxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (300 MHz, 
CDCl3)   8.65 (s, 1H), 

7.59-7.10 (m, 9H), 5.80 (bs, 
1H), 4.34-4.18 (m, 3H), 
3.82-3.50 (m, 4H), 3.48-

3.14 (m, 2H), 3.28 (m, 2H), 
3.14 (s, 3H), 2.78 (s, 3H), 

2.04-2.00 (m, 1H), 1.89 (m, 
1H), 1.41 (s, 9H), 1.24 (t, J 

= 7.2 Hz, 3H).

BOC intermediate 
for 33

N

N
N

(S) N

O

N
H

O (R) N
Boc

tert-Butyl ((R)-3-(3-((S)-2-
(ethylamino)-5-oxo-

7a,8,9,10-tetrahydro-5H-
pyrimido[5,4-f]pyrrolo[1,2-

a][1,4]diazepin-6(7H)-
yl)phenoxy)-3-

phenylpropyl)(methyl)carba
mate

1H NMR (400 MHz, 
CDCl3)  8.78 (s, 1H), 

7.35-7.32 (m, 4H), 7.29-
7.24 (m, 1H), 7.18 (t, J = 

8.0 Hz, 1H), 6.79 (m, 1H), 
6.74 (m, 1H), 6.70 (m, 1H), 
5.32 (bs, 1H), 5.12 (dd, J = 
4.1, 8.4 Hz, 1H), 3.80 (m, 3 

H), 3.70-3.65 (m, 2H), 
3.50-3.39 (m, 4H), 2.86 (s, 

3H), 2.18-2.00 (m, 4H), 
1.91-1.78 (m, 1H), 1.61-

.1.50 (m, 1H), 1.42 (s, 9H), 
1.24 (t, J = 7.2 Hz, 3H).
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BOC and SMe 
intermediate for 

33

N

N
N

(S) N

O

S

O (R) N
Boc

tert-Butyl methyl((R)-3-(3-
((S)-2-(methylthio)-5-oxo-
7a,8,9,10-tetrahydro-5H-

pyrimido[5,4-f]pyrrolo[1,2-
a][1,4]diazepin-6(7H)-

yl)phenoxy)-3-
phenylpropyl)carbamate

1H NMR (500 MHz, 
CDCl3)  8.83 (s, 1H), 

7.37-7.34 (m, 4H), 7.29-
7.24 (m, 1H), 7.20 (t, J = 

8.4 Hz, 1H), 6.80-6.78 (m, 
1H), 6.75-6.73 (m, 2H),  
5.13 (dd, J = 3.9, 8.3 Hz, 
1H), 3.85-3.80 (m, 3H), 

3.73-3.70 (m, 2H), 3.41 (m, 
2H), 2.86 (s, 3H), 2.56 (s, 
3H), 2.19-2.17 (m, 1H), 
2.12-2.04 (m, 5H), 1.94-

1.84 (m, 1H), 1.63-1.54 (m, 
1H), 1.51 (s, 9H).

BOC intermediate 
for 34

N

N

N
H

N

O

O

N
Boc tert-Butyl (3-(3-(2-

(ethylamino)-N-
methylpyrimidine-5-

carboxamido)phenoxy)-3-
phenylpropyl)(methyl)carba

mate

1H NMR (300 MHz, 
CDCl3)  8.65 (s, 2H), 

7.34-7.19 (m, 5H), 6.81-
6.74 (m, 2 H), 6.72 (m, 1H), 
6.13 (m, 1H), 5.10 (dd, J= 
4.2, 8.1 Hz, 1H), 3.97-3.83 
(m, 2H), 3.47-3.35 (m, 2H),  

2.97 (d, J = 4.8 Hz, 3H), 
2.84 (s, 3H), 2.23-2.02 (m, 
2H), 1.40 (s, 9H), 1.12 (t, 

J= 7.2 Hz, 3H).

40S

Br

O (S) NH

S
(S)-3-(3-Bromophenoxy)-N-

methyl-3-(thiophen-2-
yl)propan-1-amine

1H (400 MHz, CDCl3)   
7.25 (dd, J = 1.2, 5.1 Hz, 
1H), 7.13 (m, 1H), 7.10-

7.06 (m, 2H), 7.03 (m, 1H), 
6.96 (dd, J = 3.4, 5.0 Hz, 
1H), 6.87 (dt, J = 2.2, 7.2 
Hz, 1H), 5.57 (dd, J = 5.2, 
7.5 Hz, 1H), 2.78 (m, 2H), 
2.47 (s, 3H), 2.32 (m, 1H), 
2.24 (bs, 1H), 2.13 (m, 1H).

41-1S

Br

O (S) N
Boc

S
tert-Butyl (S)-(3-(3-

bromophenoxy)-3-(thiophen-
2-

yl)propyl)(methyl)carbamate

1H NMR (300 MHz, 
CDCl3)  7.25 (d, J = 5 Hz, 
1H), 7.10 (m, 1H), 7.06 (m, 
2H), 7.02 (m, 1H), 6,96 (m, 
1H), 6.85 (td, J = 2.5, 7.0 

Hz, 1H), 5.41 (m, 1H), 3.43 
(m, 2H), 2.87 (s, 3H), 2.31 
(m, 1H), 2.18 (m, 1H), 1.42 

(s, 9H).
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41-2S

Br

O (S) N
Teoc

S
2-(Trimethylsilyl)ethyl (S)-

(3-(3-bromophenoxy)-3-
(thiophen-2-

yl)propyl)(methyl)carbamate

1H NMR (400 MHz, 
CDCl3)   7.21 (m, 1H), 

7.11-7.05 (m, 3H), 7.03 (m, 
1H), 6.92 (m, 1H), 6.83 (m, 

1H), 5.42 (m, 1H), 4.19-
3.93 (m, 2H), 3.57 (m, 1H), 
3.37 (m, 1H), 2.89 (m, 3H), 
2.29 (m, 1H), 2.16 (m, 1H), 
0.99 (m, 1H), 0.81 (m, 1H), 

0.03 s, 9H).

42-1S

N

N
N

N

S

O

O

(S) N
Boc

S
tert-Butyl (S)-methyl(3-(3-
(9-methyl-2-(methylthio)-5-
oxo-5,7,8,9-tetrahydro-6H-

pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)carbamate

1H NMR (300 MHz, 
CDCl3)   8.78 (s,1H), 7.25 
(m, 2H), 7.03 (m, 1H), 6.95 
(m, 1H), 6.87 (m, 2H), 6.82 
(m, 1H), 5.43 (m, 1H), 3.93 
(m, 2H), 3.75 (m, 2H), 3.39 
(m, 2H), 3.29 (s, 3H), 2.86 
(s, 3H), 2.56 (s, 3H), 2.25 

(m, 2H), 1.42 (s, 9H).

42-2S

N

N
N

N

S

O

O

(S) N
Teoc

S
2-(Trimethylsilyl)ethyl (S)-
methyl(3-(3-(9-methyl-2-

(methylthio)-5-oxo-5,7,8,9-
tetrahydro-6H-pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (500 MHz, 
CDCl3)  8.78 (s, 1H), 7.26 
(m, 2H), 7.04 (m, 1H), 6.96 
(m, 1H), 6.88 (m, 2H), 6.84 
(m, 1H), 5.45 (m, 1H), 4.15 
(m, 2H), 3,95 (m, 2H), 3.76 
(m, 2H), 3.45 (m, 2H), 3.30 
(s, 3H), 2.91 (s, 3H), 2.57 

(s, 3H), 2-33 (m, 1H), 2-19 
(m, 1H), 1.00 (m, 1H), 0.93 

(m, 1H), 0.05 (s, 9H).

BOC intermediate 
for 45a

N

N
N

N

N
H

O

O

(S) N
Boc

S
tert-Butyl (S)-(3-(3-(2-

(ethylamino)-9-methyl-5-
oxo-5,7,8,9-tetrahydro-6H-

pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)(methyl)carbamate

1H NMR (400 MHz, 
CDCl3)   8.70 (s, 1H), 

7.23-7.19 (m, 2H), 7.01 (d, 
J = 3.0 Hz, 1H), 6.93 (dd, J 

= 3.6, 5.0 Hz, 1H), 6.87-
6.85 (m, 2H), 6.78 (ddd, J = 
0.8, 2.2, 8.2 Hz, 1H), 5.41 
(dd, J = 5.2, 7.8, 1H), 5.16 

(bs, 1H), 3.90-3.88 (m, 2H), 
3.67-3.65 (m, 2H), 3.50-

3.43 (m, 2H), 3.41-3.33 (m, 
2H), 3.20 (s, 3H), 2.84 (s, 
3H), 2.32-2.26 (m, 1H), 

2.20-2.11 (m, 1H), 1.41 (s, 
9H), 1.23 (t, J = 7.3 Hz, 

3H).
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Teoc intermediate 
for 45b

N

N
N

N

N

O

O

N
Teoc

S
2-(Trimethylsilyl)ethyl (3-(3-

(2-(dimethylamino)-9-
methyl-5-oxo-5,7,8,9-

tetrahydro-6H-pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)(methyl)carbamate

1H NMR (500 MHz, 
CDCl3)   8.75 (s, 1H), 

7.21-7.17 (m, 2H), 7.03-
6.68 (m, 1H), 6.93-6.91 (m, 

1H), 6.86-6.84 (m, 2H), 
6.78-6.74 (m, 1H), 5.44-

5.39 (m, 1H), 4.17-4.03 (m, 
2H), 3.88-3.86 (m, 2H), 
3.65-3.63 (m, 2H), 3.50-

3.34 (m, 2H), 3.19 (s, 6H), 
3.18 (s, 3H), 2.87 (s, 3H), 
2.34-2.24 (m, 1H), 2.21-

2.11 (m, 1H), 1.00-0.87 (m, 
2H), 0.01 (s, 9H) .

Teoc intermediate 
for 46

N

N
N

N

O

O

(S) N
Teoc

S
2-(Trimethylsilyl)ethyl (S)-
methyl(3-(3-(9-methyl-5-

oxo-5,7,8,9-tetrahydro-6H-
pyrimido[4,5-

e][1,4]diazepin-6-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (500 MHz, 
CDCl3)   8.91 (s, 1H), 8.69 
(s, 1H), 7.27-7.23 (m, 2H), 
7.04 (m, 1H), 6.95 (m, 1H), 
6.88 (m, 2H), 6.84 (m, 1H), 
5.45 (m, 1H), 4.20-4.05 (m, 
2H), 3.94 (m, 2H), 3.77 (m, 

2H), 3.51-3.39 (m, 2H), 
3.28 (s, 3H), 2.90 (s, 3H), 

2.32 (m, 1H), 2.19 (m, 1H), 
0.99 (m, 1H), 0.92 (m, 1H), 

0.037 (s, 9H).

BOC intermediate 
for 47

N

N
N

N

O

O

(S) N
Boc

S
tert-Butyl (S)-(3-(3-(2,9-
dimethyl-5-oxo-5,7,8,9-

tetrahydro-6H-pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)(methyl)carbamate

1H NMR (500 MHz, 
CDCl3)   8.87 (s,1H), 7.23 
(m, 2H), 7.03 (m, 1H), 6.94 
(m, 1H), 6.87 (m, 2H), 6.82 
(m, 1H), 5.43 (m, 1H), 3.91 
(m, 2H), 3.73 (m, 2H), 3.38 
(m, 2H), 3.27 (s, 3H), 2.85 
(s, 3H), 2.57 (s, 3H), 2.30 

(m, 1H), 2-18 (m, 1H), 1.42 
(s, 9H).

Teoc intermediate 
for 48

N

N
N

N

O

O

N
Teoc

S

CF3

2-(Trimethylsilyl)ethyl 
methyl(3-(3-(9-methyl-5-
oxo-2-(trifluoromethyl)-
5,7,8,9-tetrahydro-6H-

pyrimido[4,5-
e][1,4]diazepin-6-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)carbamate

1H NMR (300 MHz, 
CDCl3)   8.99 (s, 1H), 

7.27-7.20 (m, 2H), 7.03-
6.83 (m, 5H), 5.45-5.35 (m, 

1H), 4.17-4.02 (m, 2H), 
3.95-3.92 (m, 2H), 3.80-

3.77 (m, 2H), 3.49-3.38 (m, 
2H), 3.30 (s, 3H), 2.88 (s, 
3H), 2.37-2.09 (m, 2H), 

0.97-0.83 (m, 2H), 0.01 (s, 
9H).
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Teoc intermediate 
for 56 N

N

N

O

O

(S) N
Teoc

S

N
H

2-(Trimethylsilyl)ethyl (S)-
(3-(3-(8-(ethylamino)-1-
methyl-5-oxo-1,2,3,5-

tetrahydro-4H-pyrido[4,3-
e][1,4]diazepin-4-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)(methyl)carbamate

1H NMR (500 MHz, 
CDCl3)   8.41 (s, 1H), 

7.22-7.19 (m, 2H), 7.04-
7.00 (m, 1H), 6.94-6.91 (m, 

3H) 6.78 (d, J = 8.0 Hz, 
1H), 5.45-5.41 (m, 1H), 

4.94-4.91 (m, 1H),  4.16-
4.05 (m, 2H), 3.87-3.85 (m, 

2H), 3.51-3.45 (m, 2H), 
3.45-3.35 (m, 2H), 3.31-

3.26 (m, 2H), 2.92 (s, 3H), 
2.88 (s, 3H), 2.34-2.26 (m, 

1H), 2.22-2.12 (m, 1H), 
1.28 (t, J = 7.2 Hz, 3H), 

1.01-0.89 (m, 2H), 0.01 (s, 
9H) .

Teoc intermediate 
for 57

N
N

N

O

O

(S) N
Teoc

S

N
H

2-(Trimethylsilyl)ethyl (S)-
(3-(3-(8-(ethylamino)-1-
methyl-5-oxo-1,2,3,5-

tetrahydro-4H-pyrido[2,3-
e][1,4]diazepin-4-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)(methyl)carbamate

1H NMR (300 MHz, 
CDCl3)   7.95 (d, J = 8.5 

Hz, 1H), 7.27-7.19 (m, 2H), 
7.03 (br, 1H), 6.95-6.90 (m, 

3H), 6.78 (d, J = 8.0 Hz, 
1H), 5.87 (d, J = 8.4 Hz, 
1H), 5.46-5.42 (m, 1H), 
4.63-4.59 (m, 1H), 4.17-

4.10 (m, 2H), 3.91-3.88 (m, 
2H), 3.60-3.57 (m, 2H), 

3.45-3.31 (m, 4H), 3.09 (s, 
3H), 2.90 (s, 3H), 2.35-2.28 
(m, 1H), 2.22-2.12 (m, 1H), 

1.26 (t, J = 7.2 Hz, 3H), 
0.97 (bs, 2H), 0.04 (s, 9H).

Teoc intermediate 
for 59

N
N

N

O

O

(S) N
Teoc

S 2-(Trimethylsilyl)ethyl (S)-
methyl(3-(3-(1-methyl-5-

oxo-1,2,3,5-tetrahydro-4H-
pyrido[2,3-e][1,4]diazepin-4-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (300 MHz, 
CDCl3)    8.35 (dd, J = 1.8 
Hz, J = 4.9 Hz, 1H), 8.05 
(dd, J = 1.9, 7.5 Hz, 1H), 

7.28-7.23 (m, 2H), 7.05 (br, 
1H), 6.96-6.94 (m, 4H), 
6.85-6.79 (m, 2H), 5.46-

5.42 (m, 1H), 4.16-4.10 (m, 
2H), 3.92-3.89 (m, 2H), 
3.63-3.60 (m, 2H), 3.46-

3.31 (m, 2H), 3.09 (s, 3H), 
2.90 (s, 3H), 2.36-2.29 (m, 

1H), 2.22-2.12 (m, 1H), 
0.97 (bs, 2H), 0.04 (s, 9H).
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Teoc intermediate 
for 61

N
N

N

O

O

(S) N
Teoc

S 2-(Trimethylsilyl)ethyl (S)-
(3-(3-(1,8-dimethyl-5-oxo-

1,2,3,5-tetrahydro-4H-
pyrido[2,3-e][1,4]diazepin-4-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)(methyl)carbamate

1H NMR (300 MHz, 
CDCl3)   7.93 (d, J = 7.5 

Hz, 1H), 7.27-7.27 (m, 2H), 
7.05 (br, 1H), 6.97-6.92 (m, 

3H), 6.82 (d, J = 8.1 Hz, 
1H), 6.65 (d, J = 7,1 Hz, 
1H), 5.46-5.42 (m, 1H), 

4.14 (bs, 2H), 3.92-3.89 (m, 
2H), 3.63-3.60 (m, 2H), 

3.45 (bs, 2H), 3.11 (s, 3H), 
3.09 (s, 3H), 2.90 (s, 3H), 
2,46 (s, 3H), 2.37-2.29 (m, 

1H), 2.22-2.12 (m, 1H), 
0.96 (bs, 2H), 0.04 (s, 9H).

Teoc intermediate 
for 63

N
N

N

O

O

(S) N
Teoc

S

OMe

2-(Trimethylsilyl)ethyl (S)-
(3-(3-(8-methoxy-1-methyl-
5-oxo-1,2,3,5-tetrahydro-4H-
pyrido[2,3-e][1,4]diazepin-4-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)(methyl)carbamate

1H NMR (300 MHz, 
CDCl3)    8.08 (d, J = 8.5 

Hz, 1H), 7.27-7.21 (m, 2H), 
7.05 (m, 1H), 6.95 (m, 1H), 
6.93-6.89 (m, 2H), 6.81 (m, 

1H), 6.19 (d, J = 8.5 Hz, 
1H), 5.45 (m, 1H), 4.14 (m, 
2H), 3.94 (s, 3H), 3.92 (m, 
2H), 3.66 (m, 2H), 3.44 (m, 
2H), 3.16 (s, 3H), 2.90 (s, 

3H), 2.32 (m, 1H), 2.19 (m, 
1H), 0.97 (m, 2H), 0.04 (s, 

9H).

Teoc intermediate 
for 65 N

N

N

O

O

N
Teoc

S 2-(Trimethylsilyl)ethyl 
methyl(3-(3-(1-methyl-5-

oxo-1,2,3,5-tetrahydro-4H-
pyrido[3,2-e][1,4]diazepin-4-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (300 MHz, 
CDCl3)   8.36 (dd, J = 1.5 
Hz, J = 4.3 Hz, 1H), 7.35-

7.23 (m, 4H), 7.07-7.02 (m, 
3H), 6.96-6.94 (m, 1H), 
6.84 (d, J = 8.0 Hz, 2H), 

5.46-5.42 (m, 1H), 4.14 (bs, 
2H), 3.81-3.77 (m, 2H), 

3.44 (bs, 2H), 3.36-3.32 (m, 
2H), 2.91 (s, 3H), 2.88 (s, 
3H), 2.39-2.27 (m, 1H), 

2.20 (bs, 1H), 0.97 (bs, 2H), 
0.04 (s, 9H).

Teoc intermediate 
for 67

NN

N

O

O

N
Teoc

S 2-(Trimethylsilyl)ethyl 
methyl(3-(3-(1-methyl-5-

oxo-1,2,3,5-tetrahydro-4H-
pyrido[3,4-e][1,4]diazepin-4-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (400 MHz, 
CDCl3)   8.30 (bs, 2H), 
7.54 (d, J = 4.8 Hz, 1H), 

7.28-7.24 (m, 2H), 7.05 (br, 
1H), 6.98-6.94 (m, 3H), 
6.86 (d, J = 8.0 Hz, 1H), 

5.46 (bs, 1H), 4.14 (bs, 2H), 
3.81-3.79 (m, 2H), 3.51-
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3.38 (m, 4H), 3.00 (s, 3H), 
2.90 (s, 3H), 2.33 (bs, 1H), 
2.20 (bs, 1H), 0.95 (bs, 2H), 

0.04 (s, 9H).

Teoc intermediate 
for 69

N

N

O

O

N
Teoc

S 2-(Trimethylsilyl)ethyl 
methyl(3-(3-(1-methyl-5-

oxo-1,2,3,5-tetrahydro-4H-
benzo[e][1,4]diazepin-4-

yl)phenoxy)-3-(thiophen-2-
yl)propyl)carbamate

1H NMR (300 MHz, 
CDCl3)    7.43-6.70 (m, 
11H), 5.46 (bs, 1H), 4.14 

(bs, 2H), 3.84-3.74 (m, 4H), 
3.46-3.31 (m, 2H), 2.86 (s, 
3H), 2.85 (s, 3H), 2.84 (s, 
3H), 2.36-2.12 (bs, 2H), 

0.97 (bs, 2H), 0.04 (s, 9H).

Teoc intermediate 
for 71

N

N

O

O

(S) N
Teoc

S
2-(Trimethylsilyl)ethyl (S)-
methyl(3-(3-(4-methyl-7-

oxo-1,4-diazepan-1-
yl)phenoxy)-3-(thiophen-2-

yl)propyl)carbamate

1H NMR (400 MHz, 
CDCl3)   7.22-7.15 (m, 
2H), 7.01 (m, 1H), 6.93-

6.91 (m, 1H), 6.78-6.76 (m, 
2H), 5.41 (bs, 1H), 4.13 (bs, 

2H), 3.77-3.76 (m, 2H), 
3.41 (bs, 2H), 2.88 (s, 3H), 
2.82-2.81 (m, 2H), 2.68-

2.64 (m, 4H), 2.37 (s, 3H), 
2.30 (bs, 1H), 2.17 (bs, 1H), 
0.93 (bs, 2H), 0.04 (s, 9H).



S28

HPLC traces of final compounds.

Compound HPLC chromatogram Purity 
(%)

15-1
98.0

16a
98.4

16b
97.4



S29

16c
99.2

16d
95.4

17
99.0



S30

23
95.1

31aR

 

97.2

31aS
95.9



S31

31b
97.2

31c
99.1

31d
99.5



S32

31e
100

31f
97.0

32
96.1



S33

33R
97.9

33S
98.2

34
97.5



S34

43S
100

45aR
99.6

45aS
99.3



S35

45b
100

45cS
100

46S
99.2



S36

47S
96.1

48
97.7

56S
100



S37

57S
96.0

59S
97.6

61S
95.0



S38

63S
99.5

65
96.6

67
99.1



S39

69
97.0

71R
96.6

71S
98.7



S40

HPLC traces ee determination of final compounds

Compound HPLC chromatogram ee 
(%)

31aR 100

45cS 99.1



S41

59S 100


