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SUPPLEMENTARY INFORMATION 
 

full assignment of NMR data of compounds 1-18 

 

 

NMR spectroscopy 

 1
H, 

11
B, 

13
C and 

15
N NMR spectra were recorded on a Bruker 500 Avance or a Bruker 400 MHz 

spectrometers, using a 5 mm tunable broad-band probe. Appropriate chemical shifts in 
1
H and 

13
C 

NMR spectra were related to the residual signals of the solvent (C6D6: δ(
1
H) = 7.16 ppm and δ(

13
C) = 

128.39 ppm; CDCl3: δ(
1
H) = 7.27 ppm and δ(

13
C) = 77.23 ppm). 

11
B NMR spectra were related to 

external standard B(OMe)3 (δ(
11

B) = 18.1 ppm) and 
15

N NMR spectra were related to external neat 

nitromethane (δ(
15

N) = 0.0 ppm). Deuterated solvents were dried by standard procedures. The full 

assignment of all signals in all measured NMR spectra was managed for all compounds with the help 

of various techniques including 
1
H, 

13
C{

1
H} APT, 

1
H-

1
H COSY, 

1
H-

13
C HMQC and 

1
H-

13
C HMBC 

experiments. 
15

N NMR chemical shifts were obtained from 
1
H-

15
N HMBC spectra. Following NMR data 

includes multiplicities of signals in the 
1
H NMR spectra. Used abbreviations: s = singlet,  

d = doublet, t = triplet, q = quartet, hep = heptet, dt = doublet of triplets, dq = doublet of quartets,  

td = triplet of doublets, tt = triplet of triplets, m = multiplet. 

 

 

1
H, 

11
B, (

13
C) and 

15
N NMR data (δ = [ppm]) in C6D6 (1, 2, 4-18) or in CDCl3 (3) at 298 K 

br. = broad signal 

(*) Signal of this atom was not observed 

 (#) Observation of signal of the carbon atom 7a required application of 10^5 pulses due to its 

broadening 
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N

N

B
Cl

(4.6)

(-150.1)

(-174.4)

(154.4)
7.30 (s)

(59.3)

(31.0)
1.04 (s)

(*)

(131.4)
6.96 (dd) 

(133.0)

(117.1)
6.25 (dd) 

(115.1)
6.58 (dd) 

(133.2)
7.64 (d) 

(128.2)
7.25 (t) 

(128.2)
7.20 (m) 

5

N

N

B
Cl

(5.4)

(*)

(-178.5)

(156.9)
7.29 (d)

(*)

(134.5)
7.22 (m) 

(133.5)

(118.1)
6.33 (dd) 

(117.7)
6.88 (dd) 

(134.0)
7.39 (m) 

(128.3)
7.11 (m) 

(128.3)
7.11 (m) 

6

(23.9)
1.53 (d)

(29.5)
3.76 (hep)

(27.1)
0.96 (d)

(146.7)

(136.4)
(145.6)

(21.3)
0.35 (d)

(27.1)
0.67 (d)

(29.7)
2.14 (hep)

(124.1)
6.89 (dd) 

(125.1)
7.16 (dd) 

(129.8)
7.11 (m) 

(-131.2)

(172.6)
7.90 (d)

(23.9)
1.53 (d)

(29.6)
3.66 (hep)

(27.0)
0.93 (d)

(145.3)

(137.6)
(144.2)

(21.2)
0.35 (d)

(27.1)
0.66 (d)

(29.9)
2.08 (hep)

(124.1)
6.90 (dd) 

(125.1)
7.19 (dd) 

(129.8)
7.13 (m) 

(7.2)

(135.0)
7.58 (m) 

(128.2)
7.11 (m) 

(128.2)
7.11 (m) 

N

B
Cl

(*)

(127.8)
7.15 (m) 

(127.8)
7.03 (td) 

(135.1)
7.26 (td) 

(132.1)
7.85 (dq) 

(*)

(136.9)

4

(-115.4)

(169.2)
7.84 (s)

(6.1)

(132.7)
7.67 (d) 

(128.2)
7.25 (td) 

(127.2)
7.17 (tt) 

(126.2)
7.16 (m) 

(127.0)
6.98 (td) 

(134.4)
7.10 (td) 

(130.3)
7.51 (d) 

(164.7)

(136.4)

2

N

B
Cl

(31.1)
1.09 (s)

(61.3)

(#)

(143.6)
(#)

(-123.9)

(169.3)
7.55 (s)

(6.5)

(126.5)
6.93 (m) 

(128.0)
6.91 (m) 

(135.3)
7.17 (m) 

(129.7)
7.83 (d) 

(134.6)

1

N

B
Cl

Cl

(30.9)
1.32 (s)

(62.0)

(*)

(6.8)

(128.0)
7.76 (dt) 

(128.7)
7.48 (td) 

(136.3)
7.74 (td) 

(130.0)
7.89 (dd) 

(134.2)

3

N

B
Cl

Cl

(*)

(*)
(173.6)
8.45 (s)

(134.9)

(144.6)

(27.0)
1.09 (d)

(23.1)
1.33 (d)

(29.2)
3.17 (hep)

(124.7)
7.32 (d) 

(129.8)
7.42 (t) 
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N

B

H

(40.2)

(-222.9)

(64.0)

4.54 (q)

(*)

(121.2)

7.15 (dq)

(129.4)
7.29 (td) 

(127.1)
7.17 (tt)

(131.5)
7.50 (dt)

(156.7)

(54.6)

(33.3)
1.23 (s)

(127.7)
7.24 (tt)

(*)

(132.1)
7.58 (m)

(128.3)
7.32 (tt)

(25.6)

1.35 (d)

9

N

B

H

(41.9)

(-225.8)

(72.8)

5.58 (s)

(*)

(122.7)

6.97 (dq)

(130.0)
7.10 (m) 

(127.2)
7.10 (m)

(131.3)
7.52 (m)

(156.7)

(55.9)

(33.4)
1.15 (s)

(127.9)
7.28 (tt)

(*)

(132.2)
7.68 (dd)

(128.4)
7.37 (tt)

8

(127.9)
7.15 (d)

(129.1)
7.09 br. (t)

(127.7)
7.01 (tt)

(143.9)

N

B

H

(43.8)

(-230.9)

(75.8)

4.53 (s)

(*)

(123.6)

7.24 (m)

(127.7)
7.14 (m) 

(126.8)
7.16 (m)

(130.7)
7.56 (m)

(156.4)

(55.9)

(33.4)
1.15 (s)

(128.3)
7.26 (tt)

(*)

(133.0)
7.66 (dq)

(128.3)
7.34 (tt)

10

(36.2)

(29.5)
0.94 (s)

N

B

H

(41.8)

(-227.5)

(63.6)

4.41 (q)

(143.4)

(121.2)

7.13 (m)

(129.1)
7.30 (td) 

(126.8)
7.26 (td)

(130.2)
7.70 (m)

(156.6)

(53.7)

(32.4)
1.29 (s)

(*)

7

(26.3)
1.25 (d) 

very br.

0.95 (s) 

(#)

N

B

H

(42.0)

(-241.9)

(67.7)

4.53 (q)

(122.1)

7.20 (d)

(129.8)
7.34 (m) 

(127.5)
7.32 (m)

(131.3)
7.83 (m)

(155.9)

11 (*)

(19.4)
1.14 (d) 

0.67 (s) 

(142.0)
very br.

(#)

(24.9)
1.12 (d) 

(25.6)
0.99 (d) 

(25.9)
1.13 (d) 

(24.3)
1.10 (d) 

(124.6)
7.10 (dd) 

(124.5)
7.15 (dd) 

(127.8)
7.21 (m) 

(28.8)
2.80 (hep) 

(138.6)

(147.5)

(147.2)

(28.4)
3.13 (hep) 

N

B

H

(39.0)

(-239.5)

(77.1)

5.86 (s)

(124.3)

7.20 (dq)

(130.2)
7.30 (td) 

(127.9)

7.38 (tq)

(132.3)
8.23 (dt)

(155.4)

12

(25.9)
1.34 (d) 

(25.3)
1.15 (d) 

(24.7)
0.46 (d) 

(24.0)
0.13 (d) 

(124.7)
7.17 (m) 

(124.8)
6.89 (m) 

(128.1)
7.16 (m) 

(29.0)
3.19 (hep) 

(138.7)

(146.7)

(146.9)

(28.7)
2.76 (hep) 

(130.2)
7.17 (m)

(*)

(135.3)
7.76 (m)

(128.4)
7.16 (m)

(130.7) br.
6.90 (m)

(128.9)
6.88 (m)

(128.4)
6.94 (m)

(140.1)

(*)
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N

B

H

(38.8)

(-242.1)

(67.9)

4.78 (q)

(122.4)

7.27 (dq)

(129.8)
7.37 (t) 

(127.7)
7.34 (t)

(132.5)
8.13 (dt)

(156.7)

13

(25.9)
1.16 (d) 

(24.9)
1.13 (d) 

(24.7)
0.99 (d) 

(24.4)
0.49 (d) 

(125.0)
7.04 (dd) 

(124.8)
7.15 (m) 

(128.0)
7.19 (t) 

(28.8)
3.08 (hep) 

(138.8)

(146.9)

(146.8)

(28.4)
3.04 (hep) 

(129.9)
7.15 (m)

(*)

(135.1)
7.68 (m)

(128.4)
7.15 (m)

(19.3)
1.17 (d) 

(*)

N

N

B

H

18

(30.2)

(-261.1)

(68.5)

5.74 (s)

(143.4) (25.6)
1.25 (d) 

(25.3)
1.07 (d) 

(23.7)
0.09 (d) 

(24.8)
0.46 (d) 

(124.8)
7.12 (m)

(124.8)
6.85 (m) 

(29.0)
3.24 (hep) 

(136.8)

(147.4)

(148.0)

(28.7)
2.73 (hep) 

(131.1)
7.09 (t)

(*)

(135.2)
7.65 (dt)

(128.5)
7.04 (m)

(-195.8)

(104.9)
6.26 (m) 

(116.2)
6.70 (t) 

(118.4)
7.40 (d) 

(128.4)
7.14 (m) 

14

(30.8)

(-244.9)

(55.5)

4.39 (q)

(145.5)

(129.1)
7.20 (m)

(*)

(132.9)
7.50 (m)

(128.4)
7.20 (m)

(26.3)
1.33 (d) 

(-191.9)

(101.2)
6.12 (m) 

(114.9)
6.51 (t) 

(116.5)
6.69 (d) 

N

N

B

H

(53.4)

(33.0)
1.10 (s)

15

(34.0)

(-255.8)

(68.4)

4.24 (s)

(144.4)

(129.5)
7.22 (m)

(*)

(135.8)
7.64 (m)

(128.5)
7.22 (m)

(-186.8)

(105.5)
6.16 (d) 

(114.4)
6.45 (t) 

(116.8)
6.78 (d) 

N

N

B

H

(54.4)

(33.8)
1.16 (s)

16

(31.9)

(-246.3)

(63.9)

5.44 (s)

(145.1)

(129.2)
7.24 (m)

(*)

(133.0)
7.61 (m)

(128.5)
7.24 (m)

(-192.1)

(102.9)
5.96 (dt) 

(115.6)
6.42 (t) 

(116.6)
6.71 (dt) 

N

N

B

H

(54.7)

(33.0)
1.02 (s)

(36.9)

(27.8)
0.92 (s)

(127.8)
7.16 (m)

(129.1)
7.11 (tt)

(127.8)
7.04 (tt)

(145.0)

(140.0)

N

N

B

H

17

(29.8)

(-264.3)

(59.9)

4.67 (q)

(145.9)
(24.6)

0.96 (d) 

(24.6)
0.52 (d) 

(25.7)
1.09 (d) 

(24.9)
1.05 (d) 

(125.0)
7.03 (dt) 

(124.9)
7.08 (dt) 

(28.4)
3.08 (hep) 

(136.8)

(147.8)

(147.6)

(28.7)
3.09 (hep) 

(130.9)
7.09 (m)

(*)

(135.0)
7.60 (dt)

(128.5)
7.05 (m)

(19.9)
1.13 (d) 

(-198.1)

(102.5)
6.30 (m) 

(115.8)
6.67 (t) 

(117.7)
7.30 (d) 

(128.3)
7.16 (t) 

(130.2)
7.02 (m)

(128.9)
6.88 (m)

(128.7)
6.93 (m)

 
 
 


