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Experimental details:

Unless otherwise noted, all starting materials were obtained from commercial suppliers and used without
purification. Petroleum ether was distilled under Argon. NMR spectra were recorded on a 400 MHz, 300
MHz and 200 MHz Bruker spectrometers. *>N-*H HMBC spectra were recorded by acquiring 3072 x 256
points with 96 scans per transient. Chemical shifts were reported in ppm relative to the residual solvent
peak (DMSO). For N the CH3sNO, has been used as a reference at 0 ppm. High Resolution Mass
Spectroscopy data were recorded on an Autospec Ultima (Waters/Micromass) device with a resolution of
5000 RP at 5%. Ligand 1 and complexes 7, 9 were prepared according to literature. !

General procedure for the preparation of pyrma ligands 2-6

Boc-protected pyrma were prepared as follows: A sealed tube was charged with CBn-protected B-
enaminones (1 mmol, 1 equiv.), carboxamide (1.5 mmol, 1.5 equiv.), activated MS 4A (350 mg) and
anhydrous toluene (10 mL). t-BuOK (2 mmol, 2 equiv.) was added in one portion and the tube was
sealed and stirred at 110°C for 1.5 h. After cooling back to room temperature, the crude mixture was
filtered over a short pad of silica gel (2 cm), washed with AcOEt and the filtrate was evaporated. The
crude product was used as such for the next deprotection and reductive amination steps.

Boc deprotection step: The Boc-protected pyrma (1 mmol), was dissolved in CH,Cl, (5 mL) and TFA (5
mL) was added at 0°C. The reaction mixture was then stirred at room temperature for 1 h. It was then
quenched by addition of saturated aqueous NaHCO3 at 0°C, extracted with CH,Cl, (3 X 10 mL), the
combined organic layers were washed with brine (10 mL), dried (MgSO,) and evaporated.

Reductive amination: The amine (1 equiv.) and benzaldehyde (1.5 equiv.) were dissolved in THF (7 mL)
and MgSOq (1.5 g) was added. The reaction mixture was then stirred at room temperature for 12h. It was
then filtered and the solvent was evaporated. The resulting crude imine was dissolved in MeOH (5 mL)
and NaBH, (3 equiv.) was added and the mixture was stirred for further 12 h at room temperature.
Saturated aqueous NaHCO3 (10 mL) was added. The product was extracted with CH,Cl, (3 X 10 mL),
the combined organic layers were washed with brine (10 mL), dried (MgSO,) and evaporated. It was
then purified by flash column chromatography (see each case for detail).

Ligand 2:

Ligand 2 was obtained following the aforementioned general procedure on 0.5 mmol scale. After
purification on silica gel (PE/ACOEt : 90/10), 2 was obtained in 13 % yield (3 steps). ‘H NMR (300
MHz, DMSO): § 7.28 (m, H-15 and H-16), 7.20 (m, H-17), 7.09 (s, H-5), 3.58 (d, J = 9Hz, H-9a), 3.39
(d, J = 9Hz, H-9b), 3.32 (m, H-7), 2.41 (s, H-21 and H-22), 1.92 (m, H-18), 0.90 (d, J = 6Hz, H-19), 0.75
(d, J = 6Hz, H-20). *C NMR (75 MHz, DMSO): & 172.9 (C-2), 165.9 (C-6, C-4), 140.9 (C-14), 128.0
(C-16), 127.8 (C-15), 117.7 (C-6), 68.6 (C-7), 51.3 (C-9), 33.1 (C-18), 23.5 (C-21 and C-22), 20.0 (C-
20), 18.6 (C-19). HRMS-ESI: m/z [M + H]" calcd for C17H24N3: 270.1970; found: 270.1963.



Ligand 3

Ligand 3 was obtained following the aforementioned general procedure on 0.3 mmol scale. After purification on
silica gel (AcOEt : 100%), 3 was obtained in 19 % yield (3 steps). *H NMR (300 MHz, DMSO): & 8.45 (s, H-5),
8.38 (m, H-26 and H-30), 7.58 (m, H-27, H-28, H-31 and H-32), 4.34 (m, H-7), 3.23 (m, H-9a), 2.9 (m, H-9b),
2.25 (m, H-24a), 1.94 (m, H-24b). **C NMR (75 MHz, DMSO): § 172.0 (C-2), 163.9 (C-6, C-4), 136.5 (C-25, C-
29), 131.0 (C-28, C-32), 128.9 (C-27, C-31), 127.3 (C-26, C-30), 110.5 (C-5), 63.9 (C-7), 46.9 (C-9), 32.7 (C-24),
25.8 (C-23). HRMS-ESI: m/z [M + H]" calcd for C,oH2oN3: 302.1657; found: 302.1659.

Ligand 4

Ligand 4 was obtained following the aforementioned general procedure on 0.2 mmol scale. After
purification on silica gel (AcOEt : 100%), 4 was obtained in 37 % yield (3 steps). 'H NMR (300 MHz,
DMSO): 6 8.26 (m, H-30), 7.89 (s, H-5), 7.56 (m, H-31 and H-32), 4.48 (m, H-7), 3.28 (m, H-9a), 3.05
(m, H-9b), 2.79 (m, H-35), 2.31 (m, H-24a), 1.95 (m, H-24b), 1.73 (m, H-36), 1.36 (m, H-37), 0.93 (H-
38). *C NMR (75 MHz, DMSO): & 171.8 (C-4), 168.7 (C-2), 162.7 (C-6), 136.1 (C-29), 131.1 (C-32),
128.9 (C-31), 127.2 (C-30), 113.9 (C-5), 63.2 (C-7), 46.3 (C-9), 36.8 (C-35), 31.8 (C-24), 30.3 (C-36),
24.7 (C-23), 21.8 (C-37), 13.7 (C-38). HRMS-ESI: m/z [M + H]" calcd for C1gH24N3: 282.1970; found:
282.1967.

Ligand 5

36 38
31

32
Ligand 5 was obtained following the aforementioned general procedure on 1 mmol scale. After purification on
silica gel (PE/ACOEt : 90/10), 5 was obtained in 25 % yield (3 steps). "H NMR (300 MHz, DMSO): & 8.23 (m, H-
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30), 7.79 (s, H-5), 7.5 (m, H-31 and H-32), 7.27 (m, H-15, H-16), 7.18 (m, H-17), 3.66 (m, H-9a), 3.49 (m, H-7),
3.48 (m, H-9b), 2.77 (m, H-35), 2.04 (m, H-18), 1.71 (m, H-36), 1.32 (m, H-37), 0.94 (d, H-19), 0.89 (H-38), 0.79
(d, H-20). **C NMR (75 MHz, DMSO): & 171.6 (C-2), 171.5 (C-4), 162.8 (C-6), 141.0 (C-14), 137.1 (C-29), 131.3
(C-32), 129.3 (C-31), 128.5 (C-16), 128.4 (C-15), 127.5 (C-30), 127.0 (C-17), 113.9 (C-5), 69.2 (C-7), 52.0 (C-9),
37.2 (C-35), 33.6 (C-18), 31.0 (C-36), 22.2 (C-37), 20.2 (C-20), 19.2 (C-19), 14.2 (C-38). HRMS-ESI: m/z [M +
H]" calcd for CasHsoNs: 373.2881; found: 374.2587.

Ligand 6

31

32

Ligand 6 was obtained following the general procedure on 1 mmol scale. After purification on silica gel
(PE/ACOEt : 90/10), 6 was obtained in 21 % yield (3 steps). *H NMR (300 MHz, DMSO): & 8.21 (m, H-
30), 7.82 (s, H-5), 7.54 (m, H-31, H-32), 7.25 (m, H-15, H-16), 7.19 (m, H-17), 3.66 (d, H-9a), 3.49 (m,
H-7, H-9b), 2.52 (s, H-35), 2.05 (m, H-18), 0.91 (d, H-19), 0.79 (d, H-20). *C NMR (75 MHz, DMSO):
5 171.4 (C-2), 167.5 (C-4), 162.1 (C-6), 140.9 (C-14), 136.5 (C-29), 130.8 (C-32), 128.9 (C-31), 128.0
(C-16), 127.8 (C-15), 127.0 (C-30), 126.5 (C-17), 113.9 (C-5), 68.7 (C-7), 51.4 (C-9), 33.1 (C-18), 24.0
(C-35), 19.4 (C-20), 18.6 (C-19). HRMS-ESI: m/z [M + H]" calcd for CyHasN3: 332.2127; found:
332.2129.

General procedure for the preparation of complexes 8-17

To a stirred solution of ligand 1-6 (0.25 mmol) in 5 mL of freshly distilled MeOH was added Na,PdCl,
(74 mg, 0.25 mmol). The mixture was stirred at room temperature for 16 h, filtered over silica gel pad
and the solvent was then removed by evaporation under vacuum.

Complex 8 (86%)
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'H NMR (300 MHz, DMSO): § 7.03 (s, H-5), 7.69 (m, H-15), 7.28 (m, H-16), 7.18 (m, H-17), 5.82 (brs,
H-8), 3.97 (m, H-7), 3.97 (m, H-9a), 3.59 (m, H-9b), 2.99 (m, H-18), 2.45 (s, H-29), 2.36 (s, H-35), 1.45
(d, H-19), 1.33 (d, H-20). *C NMR (75 MHz, DMSO): § 171.8 (C-2), 169.1 (C-6), 168.1 (C-4), 120.9 (C-
5), 76.5 (C-7), 57.9 (C-9), 135.1 (C-14), 131.2 (C-15), 128.8 (C-17), 128.6 (C-16), 33.6 (C-18), 25.8 (C-
29), 23.6 (C_35), 19.8 (C-19), 20.5 (C-20). HRMS-ESI: m/z [M —Cl+MeCN]" calcd for C19H»CIN4Pd:
453.0879; found: 453.0911.

Complex 10 (38%)

'H NMR (300 MHz, DMSO): & 8.38 (s, H-5), 8.30 (m, H-26), 7.92 (m, H-30), 7.62 (m, H-27, H-28), 7.53
(H-33), 7.11 (m, H-31, H-32), 5.50 (brs, H-8), 4.87 (m, H-7), 3.23 (m, H-9a), 3.08 (m, H-9b), 2.46 (m, H-
24a), 2.08 (m, H-24b). °C NMR (75 MHz, DMSO): & 168.6 (C-2), 165.0 (C-4), 173.4 (C-6), 157.2 (C-
34), 146.9 (C-29), 136.0 (C-25, C-33), 132.5 (C-28), 131.4 (C-32), 129.6 (C-27), 128.2 (C-26), 126.5 (C-
30), 124.9 (C-31), 109.1 (C-5), 67.9 (C-7), 49.7 (C-9), 32.4 (C-24), 26.4 (C-23). HRMS-ESI: m/z [M —
CI+MeCN]" calcd for CyH,1N4Pd: 447.0810; found: 447.0830.

Complex 13 (31%)

'H NMR (300 MHz, DMSO): 6 7.81(s, H-5), 7.74 (m, H-30), 7.54 (m, H-33), 7.12 (m, H-31, H-32), 5.55
(brs, H-8), 4.77 (m, H-7), 3.19 (m, H-9a), 3.03 (m, H-9b), 2.78 (m, H-35), 2.38 (m, H-24a), 1.95 (m, H-
24b), 1.73 (m, H-36), 1.36 (m, H-37), 0.92 (H-38). *C NMR (75 MHz, DMSO): & 173.3 (C-4), 172.7 (C-
2), 167.6 (C-6), 156.8 (C-8), 146.2 (C-29), 135.6 (C-33), 130.7 (C-32), 125.5 (C-30), 124.3 (C-31), 111.8
(C-5), 67.2 (C-7), 49.1 (C-9), 37.3 (C-35), 31.9 (C-24), 30.2 (C-36), 25.9 (C-23), 21.8 (C-37), 13.7 (C-38).
HRMS-ESI: m/z [M —CI-HCI +MeCN]" calcd for CoH2sN4Pd: 427.1122; found: 427.1132.



Complex 15 (69%)

'H NMR (300 MHz, DMSO): & 8.18 (m, H-30), 7.83 (s, H-5), 7.66 (m, H-15), 7.60 (m, H-31 and H-32),
7.21 (m, H-17, H-16), 5.76 (brs, H-8), 4.06 (m, H-7), 3.97 (m, H-9a), 3.69 (m, H-9b), 3.08 (m, H-18, H-
35), 1.62 (m, H-36), 1.49 (d, H-19), 1.38 (m, H-37), 1.34 (d, H-20), 0.97 (H-38). *C NMR (75 MHz,
DMSO): § 172.0 (C-2), 174.7 (C-4), 162.8 (C-6), 135.0 (C-14), 134.6 (C-29), 129.5 (C-32), 129.7 (C-31),
128.7 (C-16), 131.2 (C-15), 128.2 (C-30), 128.5 (C-17), 116.0 (C-5), 76.7 (C-7), 57.7 (C-9), 37.6 (C-35),
33.3 (C-18), 31.8 (C-36), 22.4 (C-37), 20.6 (C-20), 19.8 (C-19), 14.3 (C-38). HRMS-ESI: m/z [M + Na]*
calcd for C5H3,CI,NsPdNa: 574.0822; found: 574.0853.

Complex 17 (71%)

20

6 4
3 29 =

32

'H NMR (300 MHz, DMSO): & 8.14 (m, H-30), 7.78 (s, H-5), 7.72 (m, H-15), 7.58 (m, H-31, H-32), 7.20
(m, H-16, H-17), 5.95 (brs, H-8), 4.10 (m, H-7), 4.03 (m, H-9b), 3.65 (d, H-9a), 3.05 (m, H-18), 2.51 (s,
H-35), 1.55 (d, H-19), 1.37 (d, H-20). **C NMR (75 MHz, DMSO): § 171.6 (C-2), 170.2 (C-4), 162.0 (C-
2), 134.7 (C-14), 134.1 (C-29), 132.3 (C-31), 130.8 (C-15), 129.2 (C-32), 128.3 (C-16), 128.1 (C-17),
127.5 (C-30), 116.3 (C-5), 76.1 (C-7), 57.4 (C-9), 32.7 (C-18), 25.7 (C-35), 20.1 (C-20), 19.2 (C-19).
HRMS-ESI: m/z [M —CI+MeCN]" calcd for C,4H2sCIN3Pd: 513.1044; found: 513.1074.
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Table 1. Characteristic >N chemical shifts for ligands 1-6 and complexes 7-17. An error of + 2ppm has
been measured for ASN.

Nitrogen 15 N1 N3 N8
1 31 (ppm) -87,5 -87,5 -331,2
7 62 (ppm) -163,2 -85,3 -345

A=62-51 -75,7 2,2 -13,8
2 o1 (ppm) -96,1 -96,1 -332,6
8 62 (ppm) -164,8 -92,6 -349,9
A=62-51 -68,7 3,5 -17,3
3 o1 (ppm) -103,8 -103,8 -330,8
10 62 (ppm) -158,6 -104,7 -343,2
A=52-81 -54,8 -0,9 -12,4
4 o1 (ppm) -107,9 -95,7 -327,7
13 32 (ppm) -159,3 -95,4 -342,8
A=02-01 -51,4 0,3 -15,1
5 o1 (ppm) -103,4 -91,6 -334,4
15 32 (ppm) -101,8 -163,8 -349,9
A=02-01 1,6 -712,2 -15,5
6 o1 (ppm) -104,3 -90,8 -334,9
17 32 (ppm) -102,9 -163,1 -349,9
A=52-91 1,4 -72,3 -15
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Table 2: Geometrical data of all pyrma ligands (A) and their PdCl, complexes (B) obtained by DFT
calculations considering the solvent effect by the means of the SCRF calculation scheme, having DMSO
as implicit solvent (see computational methods and 3D atomic coordinates schemed on Figure 6 Sl)
Bond distances as well as pyrimidine — benzylic aromatic ring distances (Ciner.rings) are expressed in
Angstroms (A) whilst torsional angles are depicted in degrees (deg). Pyrimidine — benzylic interplanar
ring angles (1A) are also expressed in degrees. For Pd(C,N,N) complexes 10, 13 and 17¢ it is also
expressed the bond distance between carbon and palladium (Cortho-Pd) in Angstroms.

A
N1-N8 | N3-N8 N3CCN8
(A) (A) |NICCN8(deg)|  (deg.) dinter-rings (A) 1A (deg.)
1 2.97 3.53 54.48 -127.92 4.5875 -8.41
2 3.01 3.42 65.71 -115.6 4.605 -12.21
3 2.96 3.49 57.92 -122.74 X X

4 | 29 | 349 | 5782 | 1265 | x| x|

6 | 29 | 357 | 5042 | 13127 | 4525 | 1579 |

B
N1-N8 | N3-N8 N3CCN8
(A) (A) |NICCNS8(deg)|  (deg.) dinter-rings (A) IA (deg.)
7 271 3.67 23.63 -157.63 4.6825 29.92
8 2.69 36 29.06 -149.9 4.39 22.13
10 2.72 3.73 8.13 -172.91 X X




B (continue)

N1-Pd N3-Pd Cortho-Pd
(A) A) N8-Pd (A) (A) CI1Pd (A) CI2Pd (A)
7 2.07 X 2.09 X 2.42 2.41
8 2.12 X 2.08 X 2.44 2.42
10 1.99 X 2.26 2.01 2.43 X
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1.5

T
1.0

8.0
ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
DPULPROG

TD
SOLVENT
NS
DS

TD
SOLVENT

dp4edp7e
403

20131121

11.31

spect

S mm BBI 1H/ZH

16025.
0.489064
1.0224428

.00000000
0.6198119 MHz

18.00 dB
30.07123375 W
0.23886430 W
400.1316005 MHz
65536
100.6127690 MHz
EM

1.00 Hz

dp46dp76

402

1

20131121

11.09

spect

S mm BBI 1H/ZH

cosygpat

2048

DMSO

2

8

5580.357 Hz
2.724784

300.0 K
.00000300 sec
.50000000 sec
.00000400 sec
.00020000 sec
.00017920 sec

cooro

CHANNEL f1

7.00 usec

7.00 usec

-3.00 4B
30.07123375 W
400.1326008 MHz

256

400.1326 MHz
21.798281 Hz
13.946 ppm

QF

2048
400.1300000 MHz

SINE

0

0.00 Hz
o

QF
400.1300000
SINE

o
0.00 Hz
o

15

15



Lald,

SpasdpTs
T A
1
20131121
11338

ppm

20

30

40

50

60

70

2.37733%84
1006202727

80

FRRBER

=y
[
o
o
i

E

85 80 75 70 65 60 55 50 45 40

L A

35 3.0 25 20 15 1.0

ppm

ppm

» X LY
. .
. .
(1)
*
- (1)
£
»

~100

-120

140

160

85 80 75 7.0 65 60 55 50 45 4.0

35 30 25 20 15 1.0

ppm

16

16



75 70 65 60 55 50 45 4.0

ppm

-350

-300

-250

-200

-150

-100

ppm

wAME dpasdpTs
EXEND 110
PROGD 1
Date_ 20131122
i 10.11
INETRIM
FROSHD 5 mm BEI 1R/2H
FULFRCG ‘hmbogpndgE
™ 3072
SOLVERT a0
§S 55
o8 15
=nn 4006210 Hx
FIDRES 1.304170 Hz
0.3835604 sec
26 1632
o 124.800 ugec
o2 £.50 usec
o

1
FL2 -£.00 dB
FLIN 150.00000000 W

=Foz 40.5509027 MHZ

403
400.1300000 MHZ
e

0.00 HZ

1.40
512

oF
40.5601443 MHz
QSINE

17

17



18

Ligand 3

\
zT

NAME dp21dpl4l
10

|
S Ul N S Y WY

8.0 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.

7.5
L o )L 1] | 1
== w o | - @ = <+
o= === ] e ] = =
23] 12 2] 2 =SB 3 R
NAME dpz1dpl41
14

1
Date_ 20130522
.47

Y I L a0
| | | | f | \ ’ INSTRUM spect
Ve [ DROBHD 5 mm BBI 1H-BE

0.03000000
1

CHANNEL f£1

136 134 132 130 128 ppm
L oa " o Ly o L\hl L Ll bk
I PWRTRTPIRHER R TV i v T o Tt NUw R '

T T T T T T T T
170 160 150 140 130 120 110 100 20 80 70 60 50 40 ppm

18



NAME
EXPNO
PROCNO
Date_
‘ Time

T T T T T T
150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 ppm

L | pom

-
-
’ . -2
- T
.
L] "
F3
-
-4
PL1
- - - PLIW
—J * SFOL
. 5
6
ST
E
WOW
SEB
LE
- GB
7 oo
ST
Mc2
—_— - SF
WDW
S5B
8 LB
. cE
L ¢
9

T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 ppm

CHANNEL £2 ==

dp21dpl4l
12

1
20130522
2.59
spect

5 mm BEI 1H-BB

deptl3s
32768
DMSO
1000

2

12077.295
0.368570
1.3566452

294.4
145.0000000
2.00000000
0.00344828
0.00002000
1

13C
8.20
16.40

-6.00
150.00000000
75.4734091

waltzle

6.70

13.40

20.00

0.00

21.54
15.07131863
0.10571854
300.1312005
2768
75.4677867

-
o
oo o

-
I

dp21dp14l
11

1
20130522
1.47

spect
5 mm BBI 1H-BB

L

2723.312
2.659484
0.1880564
1z8
183.600
10.00

294 .3
0.00000300
1.48238695
0.00000400
0.00010000
0.00026720

1H
&.70
&.70

0.00
15.07131863
300.1313636

GRADIENT CHANNEL

NE.100
10.00
1000.00
1

256
300.1314
10.637936
9.074

QF

2048
300.1300000
SINE
1
0.00
0
1.40
1024

OF
300.1300000
SINE

1
0.00
o

Hz
Hz
sec

usec
usec

sec
sec
sec

usec
usec
dB

W
MHz

usec
usec
usec
dB

=E=0
o

MHz

MHz

19

19



)

I

=

& .

9.0

g
8.5

L BRI S I I LI I B
80 75 7.0 65 6.0 55 50 45 40

LI N S I I
35 3.0 25 20 15

ppm

ppm

- . = =
° o -
- - o
- e -~ awm
.
L
- .
- = Sm

100

-120

140

160

180

9.0

8.5

80 75 70 65 60 55 50 45 40 35 30 25 20

ppm

AnE dp21dp14l
=xeND 13
FROCND 1
Date_ 20130522

i 3.00

145.0000000
0.00000300

0.0000a140

SANNEL £1 -

1m
6.70
12,40
FL1 0.00
FLIN 15.07131863
e 300.1313636

Hz
Hz
sec

ugec
E

sec

sec
sec

ugec
usec

F3 8.20 usec
FoPD2 BO.00 uses
FL2 -& 00 da
PL1Z 13.75 da
FLIK 150.00000000 W
FL1ZH 1.57431364 W
Foz 75_4733091 MHz

Mz dp21dpasl
15

1

Date, 20130522
3

FROBHD 5 wm BEI IH-EE
FULFRCE  hmbegplpndgf
1024

GRADIENT CHANNEL -

D
SOLVERT DMzD
ns a
o= 18
i 23.312 Hz
FIDRES 2.653483 Hx
0.1860564 mec
=6 206425
o 183.600 usec
ugec
5 E
me
sec
sec
sec
sec
uses
FL1 000 dB
FLIN 15.07131863 W
=F01 300.1313636 MHz

20

20



N

9.0 8.5

o
8.0

7.5 7.0

6.5

6.0 &5

5.0

4.5

4.0

3.5

I
3.0

25 2.0

1.5

ppm

-350

-300

-250

-200

-150

-100

ppm

RaME dpz1dp1al
Exemo 403
FROCHD 1
Date_ 20130612
Tim 7

oie 0.00020000 mec
™0 0.00002055 Eec

- CHRMNEL f1 =

30.07123375 W
400.1370007 MHZ

- CHAMNEL £2 =
1

F3 1700 umee
PLZ 6.

PLZW 150.00000000 W
sroz 40.5529300 MHZ

Eewe

sec

=F01 40.55233 MHz
125.727905 Hz
] §00.000 ppm

21

21



22

Complex 10

NAME dp46dp40
dp46dpl4d EXDNO 426
DPROCNO 1
Date 20131120
Time 15.14

I T

y

T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5

gL gL L \ I ! N )L
B TN TN . . X
Bz B BE [E el 2[& 2
‘ 'L 150.000
i =
| l :
\" ill\'-{ ﬂﬁ"
L A |
Epasas
‘ITIO 1!I50 1%0 14I|ﬂ 1:};0 1‘20 1‘;0 160 QID 8‘0 ]"Iﬂ 6‘0 5ID 4‘0 I ppmI

22



23

ppm

™
SOLVENT
s

o8

AD
rd Ly =

0.

4.
.

T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 156 1.0 05 ppm

dpiedpla
403

1
20131118
17.43

_._JIL_A_)\&_M A Ppm

110

120

Ly
L]
.

- 130

.
.

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 ppm

23



Tim
A pPmM I

= dpdedpld
o

=

- 20131118

= 13.33
epact
5 mm EEI 1H/IH

FULEROG  hmbcgplpndgf
L o = zais
squvenT onao
ns 15
] 1
s 4006.410 Bz
FroREs 1556255 mE
oaszvesa
20 = Tia
. o 124.800 uses
oa 50 uaes
= o R
- " . CcNET2 145.0000000
! ’ - 40
-
f
- 60
we
- 80 RN
~100
.
-120
-
.
LR
. - -
140
. - - FroRss 24.335320 Bz
o e0.090 ppm
FronzE o
-
* 160 :- 4001300000 Mz
- wow sunm
' =Y o
. B 0.00 Bz
. - . - = o
= 1.0
180 % i
a5 100 5127548 Mz
wow sinm
i o
= 6.00 Bz
200 = o
220
T T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 ppm
NEME dp46dpld
EXPNC 108
EROCHO 1
| Date_ 20131121
Time 17.04
‘MU 'IH J L INSTRIM spect
PROBHD & mm BBI 1H/2H
L PPM  uipmoc  cosymagpat. txt
2048
t SOLVENT DMSO
L NS s
[ o 16
g 4807.692 Hz
F FIDRES 2.347506 Hz
2Q 0.2131260 sac
L 3.5 RG 11585.2
oW 104.000 usec
r IE £.50 usec
b TE 300.0 K
L 0o 0.00000300 sec
oL 1.50000000 sec
4.0 D13 0.00000400 sac
F D16 0.00020000 sec
L D20 0.03750000 sac
("] B F [ o 0.00018720 sec
L 4.5 1 7.00 usec
£2 7.00 usec
r 5 14200 usec
b PL1 ~3.00 4B
L PL1W 30.07123375 W
SFOL 200.1315005 MHz
-5.0
t GRADIENT CHANNEL
L SINE.100
SINE.100
[ 10.00 %
r 40000 %
Q 55 1000.00 usec
* LT 1
r SFoL 400.1316 MHz
b FIDRES 37.855824 Hz
L ] 12.015 pem
ERMODE OF
6.0 €1 2048
t IF 400.1300000 MHz
| L WOW SINE
[ sg3 0
1B 0.00 Hz
F cB 0
oC 1.40
L 6.5 a1 512
2 QF
r <F 400.1300000 MHz
r WOW SINE
L gg8 0
1B 0.00 Hz
7.0 B 0
———————— 75
9.5 9.0 8.5 8.0 7.5 7.0 6.5 ppm

24

24



ppm

S |

U S N

Ligand 4

T T T T T T T T T T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05

ZT

-350

-300

- -250

- -200

- -150

- -100

ppm

e
EXPHO
FROCHD
Date_
Time
INETRIM
FROBHD
FULFROG

™
SOLVENT
¥

dpasdpan
a0z

1
20131120
15.43

spec:
5 mm BRI 1H/2H
hnbcgpndgEps . Eb

3072

DD
128

5
7.00 usec
14.00 usec

30.071
0.00047660 W

400.1314363 MHz

150.00000000
0.5523300

T CHARNEL
SINE.100
SINE.100
SINE.100
70.00 &
30.00 %
©

u

s0.10
1000, 00
2

1.20
512

oF
40.5600443 ME
osIEE

2
0.00 Bz
o

25

25



26

daplel
10

1
20130711

CHANNEL £1

15.0713
200.1321
3

300.1

/o - Yl ////f/

T T T T T T T T T T
8.5

T T T T T T T 1
75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 ppm

8.0
J I L)L [ [N A )L
= [ [=) E HEEREEEE NG

zgpg20
32768
DMSO

17985.611 Hz
0.548877 Hz
9110004 sec

T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm

26



NAME
EXPNO
PROCNOC
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVENT
NE

T T T T T T T T T T T T 1
130 120 110 100 90 80 70 60 50 40 30 20 ppm

NAME
EXPND
PROCNO
Date_

T
I M
L PpPm PROBHD

PULPROG

TD
SOLVENT

T
=y
L]
-
=
bl
=
|2

L §
=
g4

L
-

R R B B S L L R B RS RARAS AR BRSNS RAARS SARRNRARES B

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

CHANNEL

= CHANNEL £2

20130711
23.15

spect
5 mm BEI 1H-BB

deptl3s
327€e8
DME0
1024

4

12077.295
0.368570
1.3566452

Hz
Hz
sec

1.50000000
0.00344828
0.00002000

00000000
75.4734091

waltzle

5.07131863

0.10571854

300.1312005

65538

75.4677867
E

dplel
11

1

20130711

21.56

spect

S mm BEI 1H-BE
cosygpaf

lo24

DM30

16
2759.382
2.694709

0.1855988
161.3
181.200
10.00

0.00000300
1.45719695
0.00000400
0.00010000
0.00026240

CHANNEL £1 =
1H
6.70
6.70
0.00
15.07131863
300 12978

CRADIENT CHANNEL

E.100
10.00
1000.00

1

256
300.1313
10.778835
a.194

QF
2048
300.1300000

usec
usec
[=1:]
W
MHz

27

27



o

I, 1“

e

.y

100

F110

120

130

9.0

T T T T T T
85 80 75 7.0 65 6.0

)

T T T T T T T
55 50 45 40 35 30 25

T
2.0

T T T
15 1.0 0.5

ppm

ppm

+
L
LI

]

~100

-120

140

160

180

T T T T
90 85 80 75 7.0 6

T T T
40 35 30 25 20 15 10 05

ppm

Time_

mmETRD
FROBHD
FULFECG

™
SOLVENT
BE

15.07131863 W

300

150.0
75

dp1el
1

1
20130711
23.16

1312578

0000

4784278

28

28



i

ppm

I

- -350

- -300

- -250

- -200

- -150

- -100

T T T T T T T T T T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05

ppm

s dp1sl
=m0 a0z
FROCHD 1
Date_ 20130708
15.35

IHETRIM -
FROBHD S mm HEI 1H/2H
PULERCE gpndaf
™ 3072
soLVENT oMz
§s 235
18

mmmmmmnn CHAMMEL 2 =

wooz 158
F3 17.00
FLZ -0
PLZN 150.00000000
sF0z 20.5523300

GRADIENT

4055233
55.045923

500,000

oF

038

aF a00.1300000
WO QaINE
258 2
LB 0.00
o 0
Fo 180
a1 512
woz oF
ap 40.5601443
el QSINE
Y E}
LB 0.00
= o

29

29



30

Complex 13 | _ +
’Y)\O N/ NH,+
FI,d/NH

Cl

CHANNEL f£1

15.071 W
300 MHzZ
300 MHzZ

4\_,_11” \ - MU N

— —— B P s
' 10 ° 8 7 6 5 4 3 2 ‘ppm
1 ] | ] S AL L \Q— L"I ‘é: OL’ i"'l‘ol"lc,l (_ilé“o ‘|.|m| _|NL L“l‘
| 2 == e EzizlzIElzl2 3 (3]
Etggizsec
-6.00 as
00CQ00 W
75.47€0505 MH=z
CHANNEL f2 =
waltzlé
1H
80.00 usec
17I0 1%0 15IU 14‘10 13IO 1‘20 1‘;0 160 QID Blﬂ 7I0 SID 5‘0 4I0 3‘0 I ppmI

30



T T
130 120

T T T
110 100 90

80 70 60

ppm

)

L T

10

1

ppm

dpléec
22

20130724

18.07

spact

5 mm BEI 1H-EB
deptl35

32768

oMED

z4
4
12077.295
0.368570
1.3566452
1e384
41.400
10.00

3
145.000000
1.50000000
0.003448238
0.00002000

0.1 1854
300.1312005

65536
75.4677867

GPNAM1
GPZE1

89.474

0.1556980
:]

152.000
10.00
300.0
00000300
48689306
00000400
ooolo000
00030400

coorao

CHANNEL

1

6.70

6.70

0.00
15.07131863
300.1317276 B

GRADIENT CHRNNEL

2048
300.1300000 B
SINE

1
o0.o0
o
1.40
1024

QF
300.1300000
SINE

1

0.00
o

Hz
Hz
sec

usec
usec

sec
sec
sec

Hz
Hz
sec

usec
usec
K
sec
sec
sec
sec
sec

Hz

MHz

Hz

31
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30

100

F110

120

130

ppm

ppm

.,
.
¢
. & =
C e .
. e
LI ]
]
'

= - =
. -, [
-
.
-
L
L -

100

120

140

160

180

11

10 9 8 7

6 5 4 3 2 1

ppm

= .opooDoD
0000300
4BE3405

00000400
-oopLoooD
00004140 o

a
o
1
0.0D172418
0.03000000
o
o
o

o
15.07131863
aFoL 300.1317175

CHANNEL

150. 00000000
1 364

TENT CHAMNEL
SINE.100
SINE 100

Hz

Hz
e

235.358 ppm
o

204
300.1300000 MHZ
@81

32

32



Lo b

10

Ligand 5

\

HN

33

e -
=xeNn a0z
FEOCNO 1
Date 20130712
Time 15

ppm

-350

-300

250 =
PLZ -5.00 dB
—————
e et
friciod :
2200 oo
e :
o d0.sennn e
150 = Forri
o
&
.
b
=
-100 % ]
0 iz
Eh
a

ppm

33



NAME dp47dpLlrac
EXPNO 403
PROCHO 1
[ 1 1) [ Date_ 20131125
ER! Voo T TR
H ! e INSTRUM spect
PROBHD 5 mm BBI 1H/2H
DULPROG zg30
D le3B4
SOLVENT OMS0
g
DS
SWH
FIDRES
AQ
RG
oW u
DE u
TE 0K
Dl 1.00000000 sec
TDO 1
== CHANNEL f1
-3.00
DL1W 30.07123375 W
SFO1 400.1326008 MHz
=h 32768
SF 400.1200000 MHz
WDW no
SS8B 0
1B 0.00 He
GB 0
BC 1.00

N S U L)‘\_JLLL_

I .t / st
T T T T T T T T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 ppm
) S J)L ! Jyre )y
@ @ = || ~|x o w b g r~ wo
i @|=2|=e|® < - @ 1= = ae
- =] m\n S L:\v| Nl |o ‘N‘ ‘oJ [9‘&
dpd47dpLlrac
407
1
20131125
| | [ Ry | | 1 L L
| Vi | 5
4
24038 .461 Hz
0.366798 Hz
1.3632196 sec
1625.5
20.800 usec
&.50 usec
300.0 K
2.00000000 sec
0.03000000 sec
1
CHANNEL f1 =
13C
10.00 usec
g i
150.00000
100.6228298 MHz
= === CHARNNEL f2
I CPDPRG2 waltzle
i NUC2
\._..Jh.....w......JL_»J [ pCED2
r T T T T T 1 b2
131 130 120 128 ppm E_‘ﬁ s
PL2W 30.07123375
DL12W 0.23B86430 W
PL13W 0.23B86430 W
SFO2 400.1316005 MHz
SL 65536
100.6127690 MHz
EM
0
1.00 Hz
0
1.40
- A Mt

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm

34
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T T
140 130 120 110 100

0 ppm

ppm

|

9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05

ppm

35

NAME dp47dpLlrac
EXDPNO 405
PROCNO 1
Date_ 20131125
Time 10.30
INSTRUM spect
PROBHD 5 mm BBI 1H/2H
PULPROG deptl3s
32768
SOLVENT ME0
NS 256
DE 4
EWH 16025.641 Hz
FIDRES 0.489064 Hz
AQ 1.0224428 sec
RG le3gd
DW 31.200 usec
DE &€.50 usec
TE 300.0 K
CNST2 145.0000000
Dl 2.00000000 sec
Dz 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL £1
NUC1 13C
Pl 10.00 usec
D2 20.00 usec
PL1 -6.00 dB
PL1W 150.00000000 W
EFOL1 100.619811% MHz
= = CHANNEL f2
CPDPRG2 waltzle
NUCz 1H
JLE] 7.00 usec
P4 14.00 usec
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 18.00 4B
PL2ZW 30.07123375 W
PL12W 0.23886430 W
EFO2 400.1316005 MHz
8T 65536
SF 100.6127690 MHz
WDW EM
S88B o
LB 1.00 Hz
GB o
pC 1.40
NEME dp47dpllrac
EXPNO 404
PROCNO 1
Date 20131125
Time 9.47
INSTRUM spec
PROBHD 5 mm BBI 1H/2H
PULPROG cosygpgf
D 2048
SOLVENT DMsSO
NS 4
Ds 8
SWH 4807.692 Hz
FIDRES 2.347506 Hz
AQ 0.2131460 sec
RG &7
oW 104.000 usec
DE 6.50 usec
TE 300.0 K
Do 0.00000300 sec
D1 1.50000000 sec
D13 0.00000400 sec
Dl 0.00020000 sec
IND 0.00020800 sec
CHANNEL £1
1H
T7.00 usec
7.00 usec
-31.00 4B
30.07123175 W
400.1320007 MHz

GRADIENT CHANNEL

SINE.100
10.00 %
1000.00 usec
1

256
400.132
18.780018
12.015
QF

MHz
Hz
pom

2048
400.1300000 &
SINE
0
0.00
o
1.40
1024

35



36

ez dpardpLirac
=X ae
vRCOND 1
Date_ 20131128
Time 10.31

ppm

©.00000400
0.00020000
o0 00003000

PLIK 3007123375 W
s 400.1320007 Mz

150. 00000000
PL1IW 2.37731564
sFo2 100.6202727 Mz

SINE.100
SINE. 10U
B0.00

1008 00
2

100.6203 Mz
£5.104164 Hz
165,63
Bcho-Anti

100

110

120

— =y Ld
—_— o
— . P
] H 130
T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
dpa7dpLirac
a8
i
20
1320
ppm 5 mm mmr Thjan
habegplpadgE
ois
nso
3 1z
— - w s . B 15
sac7.692 5x
— [ ] L] . —
— - - ‘. . 20 et
s
10400
] * 4
— . - L 145 000030
] - s 10.aceoa0n
—— — ) - D030
40 =z s-ag0emas e
o2 £.00342828 mec
e 5000000 ec
Sie 53010000 sec
— - L3 M0 0.00002070 sec
- 60
— L] - L X ] 30,071
sro 206, 1320007 Mz
S S
- 80
PL2 -6.00 da
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Figure1Sl  'H-N HMBC spectra overlay
A) ligand 1 and the symmetric Pd-pyrma 7
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B) ligand 2 and the symmetric Pd-pyrma 8
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Figure 2 SI: Overlapped "H-">N HMBC for the ligand 4 and the complex 13. Asterix (*) represents a

peak coming from an impurity.
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Figure 3 SI
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have the same spectral fingerprint confirming coordination to the Pd(Il) (in light blue) B) Overlapped
'H-1*N HMBC for the ligand 5 (in blue) and the complex 15 (in red). Asterix (*) represents a peak
coming from an impurity.
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Figure 4 SI:
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55
Computational methods

All computations of geometry optimizations, electronic structure determinations and NMR chemical
shift values were carried out using the Gaussian 09 program [5]. All geometries were optimized by
minimizing energies with respect to all the geometrical parameters, without imposing any molecular
constraints. Restricted Hartree — Fock method was used as geometry pre-optimization scheme. Density
Functional Theory (DFT) Self Consistent Field (SCF) procedure for energy minimizations and
description of orbitals were performed with the hybrid method B3LYP, whereas electronic correlation
and exchange were respectively described by the use of the Becke [6] and Lee-Yang Parr [7] functionals.
Relativistic effective core potentials (ECP) were used to describe electrons of heavy atoms (Pd and ClI)
with the valence double ¢ quality basis sets LANL2DZ [8]. The standard 6-311G(d,p) basis sets were
used for the rest of the atoms on PYRMA ligands and their Pd complexes (i.e. H, C and N). Geometrical
results are similar when chlorine atoms are described even with LANL2DZ and 6-311G(d,p) basis sets
but the former case was used for the rest of calculations. Stable structures were confirmed with the
calculation of harmonic vibrational frequencies of all structures. None of the predicted vibrational
spectra has any imaginary frequency (data not shown), implying that the optimized geometry of each of
the molecules under study lay at a local point on the potential energy surface. The electronic properties
such as Molecular Electrostatic Potential (MEP), frontier molecular HOMO — LUMO orbital energies
and Mulliken atomic charges have been obtained with the same level of theory as previously described.
Gauge — Invariant Atomic Orbital (GIAO) [10] scheme was used to compute *H, **C and N chemical
shift values, theoretically referenced with respect to TMS / 6-311G(d,p) (*H and *3C, vide infra) and NH;
with later subtraction of all values with respect the calculated theoretical chemical shift of CH3;NO;
(**N). As for geometry optimizations and electronic properties, B3LYP functional with 6-311G(d,p) for
H,C and N and LANL2DZ / ECP basis sets for heavier atoms were used as levels of theory for NMR
parameters. Higher accuracy of the full set of computed carbon resonances for all PYRMA complexes
were obtained with the basis set 6-311G(d,p), in comparison with the IGLO-III basis functions,
popularly used to calculate NMR tensors (Figure 13 Sl). Basis Set Superposition Error (BSSE)
Counterpoise correction [9] in the gas phase prior to NMR GIAO computations was carried out for all
palladium pyrma complexes. In the limits of both types of basis functions LANL2DZ /ECP (Pd, CI
atoms) and 6-311G(d,p) (H, C, N atoms), electronic environments are poorly described without the
BSSE correction, which would eventually produce important *C chemical shifts overestimations
especially for the C-Pd quaternary carbons in Pd (C, N, N) complexes 10 and 13, when correction is
ignored. Systematic overestimation of the overall solvent dependent isotropic *3C calculated resonances
in the range of 0 to -8 ppm were obtained for all energetically favored PYRMA complexes (7, 8, 10, 13,
15 and 17) when B3LYP / 6-311G(d,p) with the TMS (tetramethylsilane) reference standard was used.
In deep contrast, loss of systematic estimation with ranges of A5~C between -30 and +10 ppm were
observed for all energetically disfavored PYRMA complexes (10°, 12, 14 and 17°) with the same
reference standard. As a result, we suggest that both A5™C within the 0 to -8 ppm ranges as well as
systematic overestimations of the full set of carbon resonances per complex could be used as fingerprints
to qualitatively assign the preferred coordination modes for each type of PYRMA complex. 45C values
of energetically favored complexes can be significantly lowered to + 3 ppm (compensated by the loss of
systematic overestimations) when calculated shifts are referenced with different standards [12], such as
B3LYP / 6-311G(d,p) optimized benzene as reference standard (Figure 14 Sl). Self-Consistent Reaction
Field (SCRF) Tomasi’s Polarized Continuum Model (PCM) for solvation [11] was used in all
calculations (except BSSE) to describe implicitly the solvent (DMSO), which was the selected solvent to
obtain experimental NMR data. Further details are highlighted on Sl figure captions.
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Figure 5 SI:

Frontier Molecular Orbitals HOMO / LUMO of PYRMA ligands at their PdCl, complexes.
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Figure 6 SI:

Electronic optimized structures of all pyrma ligands (1 to 6) and their PdCI2 complexes (7, 8, 10, 10’,
12, 13, 14, 15, 17 and 17’; referring the labelling to Schemes 2 and 3) obtained by DFT calculations
(see computational methods, ESI), ,considering the solvent effect by the means of the SCRF calculation
scheme, having DMSO as implicit solvent. Electronic energy differences between the lowest local
minimum (consistent with experimental data,) and other observed local minimum for each complexation
possibility are highlighted in red. Dotted orange lines represent the shortest distance between pyrmidine
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— benzylic aromatic rings (dinter-rings, S€€ Table 2 Sl), the last one coming from the NHBn moiety in the
pyrma methylamine-capped ligands and their Pd(Il) complexes. Despite the dispersion-correction
protocol [13] was not used to confirm the presence of z stacking weak dipole-dipole interaction, pyrma
complexes bearing a valine-capped substitution present geometries deeply comparable to X-Ray
diffraction data of their pma analogues with known 7 stack interaction [14] Thus, we inquire that dinter-
rings Observed in PYRMA at the B3LYP level of theory is a consequence of the accuracy of calculation to
predict geometries at the level of metallic center. The last suggest that dinerrings distances are
comparable to the expected 7 stack interactions in NHBn PYRMA complexation, being a non-essential
weak interaction to explain the sterical arrangement around the metallic core and thus not responsible
of the electronic structural stability. For balanced energy equations between energetically favored
Pd(C,N,N) species (10 and 13) with respect their less favorable Pd(N,N) counterparts as well as for
complexes 17 and 17¢ (with inverse energetic tendency respect 10 or 13), it is considered the released
HCI moiety in Pd(C,N,N) complex formation for AE computations. The orientation of HCI release
respect the Pd(11) complex plane is also depicted in the Figure.

Figure 7 SI:

+0,03 a.u.

AMC[Ng-N,] = -0.065 AMC[Ns-N] =-0.059

AMC[Ng-N;] = ,3,044 AMC|Ng-Ny] =-0.040 AMC[Ng-N)] =-0.065  AMC[Ng-N;] =-0.042

J )
Ligand 6 ]

@

AMC[Ns-Ni =-0.053  AMC[Ng-N,] =-0.02

Ligand 4

o AMC[Ng-N,] = -0.057
AMC[Ng-N;] = -0.064 AMCIN Ny - 0.044 AMC|Ng-Ny] = -0.039

Molecular electrostatic potential (MEP) mapped on the SCF total electronic density surface
calculated by DFT / B3LYP method for pyrma ligands 1-6. For visualisation of the most
electronegative sites within each molecule, it is presented a pair of MEP surfaces for each ligand
by just turning each projection 180° around the plane and thus showing the faces of N1 or N3 as
depicted in the Figure. Developed ball-sticks formulae of ligands are projected on top of each
MEP surface, showing the numbering of each N atom as well as the 3D arrangement of atoms
that are depicted on the MEP surface. Similar electronegativities are observed for N1 and N3 in
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ligands 1 and 2. In contrast, pyrrolidine-capped pyrma ligands (3 and 4) show a striking higher
negative electronic density over N1 whilst N3 atoms are considerably more electronegative in
non-symmetrical methylamine-capped pyrma ligands (5 and 6). Numeric representation of
electron availability of each pair of N1 / N3 atoms per PYRMA ligand is given by computing the
difference of Mulliken’s charges (MC) between N8 and each of the aromatic N PYRMA nitrogens
(AMC/Ng-Ni], whereas i = 1 or 3). Highest negative values of AMC show the most electronegative
aromatic nitrogen which chelates the palladium, consistent to the graphical analysis by MEP.

Figure 8 SI:

Ligand 2 , Ligand3

Ground state isodensity surfaces for the frontier molecular HOMO orbitals calculated with
DFT/B3LYP level of theory for pyrma ligands 1-6. For observing the Pi lobes of nitrogens N1
and N3 for each ligand, an expansion is depicted along the dotted lines.
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Figure 9 SI:

anr)

14

15)

% I14,9 KJ /mol

Il 03,2 KJ / mol

Valine-capped complexes 15, 14, 17 and 17°. MEP maps (top) and Van der Waals radii formulae

(bottom) depicting the relative SCRF electronic-energy differences (AE) of each pair of complexes,
as stated above in Figure 6 SI.

Figure 10 SI:

IQZ,% KJ / mol

Proline-capped complexes 10, 10’, 13 and 12: HOMO(red/ green)/ LUMO (blue / purple)
orbitals (top), MEP maps with chlorine electronic charges obtained by Mulliken population
analysis (middle) and Van der Waals radii formulae (bottom), depicting the relative SCRF
electronic-energy differences (A4E) of each pair of complexes. As stated above for Figure 6 SlI, AE
was obtained by balanced equations between [Pd(C,N,N) + HCI] and [Pd(N,N)] energy values. For
visualization purposes, the HCI expelled prior to Pd(C,N,N) complexation is not depicted on the Figure.
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Figure 11 SI:

Agreement between DFT calculated and NMR measured *H and *3C chemical shifts for PYRMA / Pd-

PYRMA couples under study
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Figure 11.2 Sl
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Figure 12 SI: A513C fingerprints between Pd(N,N) and Pd(C,N,N) obtained by the difference of
experimental 3C chemical shifts of symmetric’ (A, B) and non-symmetric (C, D) pyrma
complexes, with respect to the DFT — GIAO predicted shifts.
Electronically favourable (8, 10, 13, 17) and unfavourable (70°, 12, 17°) pyrma complexes
present the following colour code for histograms

e Black- gray to describe respectively aromatic and aliphatic carbons of 8, 10, 13, 17.

e Red - yellow to describe respectively aromatic and aliphatic carbons of 70°, 12, 17°.
DFT GIAO shifts were obtained by using TMS (tetramethylsilane) as a reference standard
Dotted black line limits the interval of statistical confidence, which scales up to Ao values of - 8
ppm. Magenta asterisk highlight the relevant aliphatic and aromatic carbons of unfavourable
electronic states that are non-systematically underestimated. It is worth noting to remark that
isopropyl methyls *C shift’s " estimations (A and C) are close to AS= 0 but slightly
underestimated and are not considered in our anaIyS|s The B3LYP — GIAO approach, using a 6-
311G basis set, has been used to compute A5™Cvalues in the present figure. The use of different
basis sets or reference standard are discussed below.

13 13
A (6 chpcrimcntul' 8 Ccalculatcd) pPpm

Systematic overestimation of the overall solvent dependent isotropic *C calculated resonances
in the range of O to -8 ppm were obtained for all energetically favored PYRMA complexes (7
(data not shown), 8, 10, 13, 15 (data not shown) and 17) when B3LYP / 6-311G(d,p) using TMS
as reference standard. In deep contrast, loss of systematic estimation with ranges of A5C
between -30 and +10 ppm were observed for all energetically disfavored PYRMA complexes
(10°, 12, 14 (data not shown) and 77°) with the same reference standard and mostly for aromatic
carbons close to the coordination sphere (red histograms with magenta stars) Thus, not only
inaccurate overestlmatlons of 3C shifts above - 8 ppm, but mostly non-systematic
underestimations of key 5-3C shifts could serve as fingerprints to discriminate incorrect entries of
local minima palladium complexes of higher electronic energy.
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Analysis of non-symmetric PYRMA complexes A8 C histograms (also applied to the
symmetric cases)

First, systematic overestimations of predicted *3C shifts (between 0 to -8 ppm) of complex 13
show that the Pd(C,N,N) coordination mode is the electronic structure that best fits the
experimental evidence, in agreement with the energetics coming from the full optimization of
electronic geometries of non-symmetric proline headed pyrma complex (Figure 6 Sl). Important
non — systematic underestimations even above + 20 ppm are observed for its Pd(N3,N8) analog
12 of higher electronic energy.

The pair of complexes 17 and 17’ were also subjected to the analysis of A5™C dispersions. As
seen by the energetics in Figure 6 Sl, the most stable electronic structure was assigned to the
complex 17 (i.e. Pd(N3,N8) coordination mode), whereas a second local minimum of 103 KJ/mol
of higher energy with respect complex 17, was founded to be the Pd(C,N,N) mode. Again,
systematic overestimations of experimental and predicted AS5™C shifts between 0 to —8 ppm were
only observed for the stable coordination mode Pd(N3,N8) valine-capped pyrma complex. In
contrast, complex 17’ can be rejected as observable by the fact of presenting nonsystematic
underestimations as well as overestlmatlons of several **C predicted shifts below the limit of - 8
ppm. Some of these highly overestimated A5*3C values of complex 17’ correspond to spin systems
that are not experimentally observed like the hypothetic quaternary C-ortho linked to Pd at
5 C(ca|cu|ated)— 160 ppm which is dispersed by -32 ppm with respect the experimental CH-ortho at
C(exper.mema|)— 128 ppm (extreme right histogram bar at Figure 12 SI C). The last proves the
fact that this simple qualitative analysis is independent of the capped pyrma complex to
distinguish complexation modes of pyrma by only N-Pd coordination or by a third C-Pd bound.
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Figure 13 SI:
Effect of the basis set used in the NMR B3LYP/GIAO calculations of *3C chemical shifts of PYRMA
complexes 10 and 10’ by comparing A(S8">Cexperimental- 0 Cealculated); displayed as histograms and overall
AS"C ranges per calculated complex. Color codes for sp3 and sp2 carbons are the same as in Figure 12
SI.
Proton, carbon and nitrogen -s, -p and -d atomic orbitals were respectively described with

A) 6-311g(d,p)

B) IGLO-II
For fair comparisons between both basis sets and due to the scarcity of default reference standards
implemented within the Gaussian software [5], 6">Ceaiculated Shifts were referenced as follows:

1. Using Benzene isotopic magnetic shielding values as reference standard, obtained by SCRF
(cpcm, solvent = DMSO) / B3LYP / GIAO calculations, computed at the same level of theory
(OBenzeness-311g(d,p) = 133.24 ppm, OgenzenencLo-n = 141.34 ppm) and referencing all carbon signals
with respect the experimental value of benzene’s é‘lSCexperimemm shift = 128.37 ppm [12].

2. Referencing C6 of both complexes at each level of theory, with respect the é”Cexperimema. shift of
173.4 ppm for 10 (page 5 ESI). A6'3C6 =0 of the internal reference standard is depicted with
blue dotted squares. The scaling factor produced by each A45™C is applied for the rest of the **C
calculated shifts, for both levels of theory.

Computation of overall *3C resonances of both expected and unexpected complexes, as a function of the
basis set and comparison with experimental data run as follows:

18 - B.1

B3LYP/6-311g(d,p) {H, C, N} B3LYP/IGLO-III {H, C, N}

A (5]3Cexperimental - 61:‘c’:calculated) Ppm
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-3.5 < A8C (complex 10)<2.7
6-311g(d,p) 3 > Reference standard:
-26.4 < A3BC (complex 107)<7.2
IGLO-IIL -7.2 < A3BC (complex 10) <4.0 G °C benzene (1)
-26.3 <A3BC (complex 10°) < 6.3
-4.3 < A3C (complex 10)<2.7
6-311¢g(d, )
g( p) 253< ASBC (complex 10,) <87 Reference standard:
GLO 3.7 < ASBC (complex 10) < 5.1 8 C xpormenit Complex 10 (2)
-24.3 <A8C (complex 10°)<9.5

Intervals of A5C ranges show that independently of the selected reference standard, 6-311G(d,p) basis
functions describes with higher accuracy the electronic environment under the influence of the magnetic
shielding tensors and thus the overall calculated sp3 and sp2 carbon chemical shifts of PYRMA complex
10. Similar trends were observed for the rest of the complexes described in the main text (data not
shown).

In terms of the selected reference standard, TMS gives differences between experimental and calculated
3¢ from 0 to -8 ppm for all type of carbons (Figure 12 SI). The benzene (commonly used as reference
for sp2 *C) allows the reduction of A5C range between - 3 and +3 ppm, but leads a loss of the
systematic calculated 5**C overestimation. Finally the utilization of an internal **C reference chosen as
&C6 gives comparable A45C to the ones coming from the benzene.

In conclusion, the IGLO-I1II data set is not better than the 6-311G. The reference has to be judiciously
chosen for reducing the prediction discrepancies, like with benzene. However, using the benzene leads to
the removing of the systematic over-estimation obtained by using the TMS (see Figure 14 SlI) and
preventing to get an additional qualitative fingerprint of the most stable complexes.
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Figure 14 SI:

a1~ 8 Caleutatea) PPM

A (B Coxperimen

AS"C stacked plots of PYRMA complexes 8 (A), 10-10° (B), 17-17" (C) and 12-13 (D) referenced with
TMS (lower case) and Benzene (upper case) at the level of theory B3LYP / 6-311G(d,p). Systematic
overestimations from 0 to -8 ppm of predicted **C resonances of the favored complexes are obtained
when the former reference standard was used (green region). Accuracy of overall **C resonances’
prediction (x 3 ppm, blue region) but loss of systematic estimation is given when benzene is used as
reference standard. The over estimations are not existing for all *3C and are especially localized on
some **C of the diazine or phenyl rings heart of the coordination sphere.
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