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e Experimental Details

General Information. All reactions were carried out with exclusion of air using
Schlenk-tube techniques or in a drybox. Pentane and toluene were obtained oxygen- and
water-free from an MBraun solvent purification apparatus, while methanol was dried
and distilled under argon prior to use. 'H, “c{'H}, *'P{'H}, *H, and "F NMR spectra
were recorded on Bruker 300 ARX, Bruker Avance 300 MHz, or Bruker Avance 400
MHz instruments. Chemical shifts (expressed in ppm) are referenced to residual solvent
peaks ("H, *C{'H}), external 85% H3;PO4 (*'P{'H}), or CFCl; (*°F). Coupling constants
Jand N (N = Jp.y + Jp.yy for 'Hand N = Jp.c + Jpc for 13C{lH}) are given in hertz.
Attenuated total reflection infrared spectra (ATR-IR) of solid samples were run on a
PerkinElmer Spectrum 100 FT-IR spectrometer. Elemental analyses were carried out in
a PerkinElmer 2400 CHNS/O analyzer. High-resolution electrospray mass spectra were
acquired using a MicroTOF-Q hybrid quadrupole time-of-flight spectrometer (Bruker
Daltonics, Bremen, Germany). OsHg(P'Pr3),,’  OsHoCL(P'Prs),,'  IrHs(P'Pr3),.
IrCLH(P'Pr3),,> 6-phenyl-2,2 -bipyridine,” 6-methyl-2,2’-bipyridine,® 3-methyl-1-(6-
phenylpyridin-2-yl)-1 H-benzymidazolium iodide,” and 3-methyl-1-(6-phenylpyridin-2-

yl)-1H-imidazolium iodide’ were prepared as reported previously.

Reaction of 3-methyl-1-(6-phenylpyridin-2-yl)-1H-benzymidazolium Iodide with
Silver Tetrafluoroborate: Anion Exchange. A solution of 3-methyl-1-(6-
phenylpyridin-2-yl)-1H-benzymidazolium iodide (600 mg, 145 mmol) in MeCN:
MeOH (15:15 mL) was treated with AgBF4 (342 mg, 170 mmol). The resulting mixture
was stirred in the dark for 10 min, obtaining a colorless solution and a white-yellow
solid. The solution was filter through Celite, and it was concentrated to approx. 0.5 mL
Addition of acetone affords a white solid. Yield: 480 mg (89 %). '"H NMR (300.13
MHz, CD,Cl,, 298 K): & 10.0 (s, 1H, NCHN), 8.58 (m, 1H, CH Ar), 8.18 (t, *Jiu= 7.9,
1H, CH Ar), 8.12 (m, 2H, CH Ar), 8.02 (d, *Ji.u = 7.5, 1H, CH Ar), 7.94 (d, *Ji.u= 7.9,
1H, CH Ar), 7.84 (m, 1H, CH Ar), 7.80 (m, 2H, CH Ar), 7.54 (m, 3H, CH Ar) 4.34 (s,
3H, CH;). “C{'H} (75.48 MHz, CD,Cl,, 298 K): & 158.2, 147.6 (both s, C Ar), 144.94
(s, NCHN, inferred from the HSQC spectrum), 141.9 (s, CH Ar), 137.6, 132.9 (both s,
C Ar), 130,7 (s, CH Ar), 130.6 (s, C Ar), 129.5, 128.8, 128.4, 127.4, 121.9, 116.9,
115.2, 113.3 (all s, CH ar), 34.4 (s, CHj).
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Reaction of 3-Methyl-1-(6-phenylpyridin-2-yl)-1H-imidazolium Iodide with Silver
Tetrafluoroborate: Anion Exchange. A solution of 3-methyl-1-(6-phenylpyridin-2-
yl)-1H-imidazolium iodide (600 mg, 165 mmol) in MeCN:MeOH (15:15 mL) was
treated with AgBF4 (389 mg, 198 mmol). The resulting mixture was stirred in the dark
for 10 min, obtaining a colorless solution and a white-yellow solid. The solution was
filter through Celite, and it was concentrated to approx. 0.5 mL addition of acetone
affords a white solid. Yield: 485 mg (91%). '"H NMR (300.13 MHz, DMSO-d;, 298K):
6 10.14 (s, 1H, NCHN), 8.60 (br, 1H, CH Im), 8.26 (m, 3H, CH Ar), 8.20 (m, 1H, CH
Ar), 7.97 (br, 1H, CH Im), 7.93 (m, 2H, CH Ar), 7.55 (m, 3H, CH Ar), 4.01 (s, 3H,
CHs). "C{'H} (75.48 MHz, DMSO-ds, 298 K): & 155.7, 146,1 (both s, C Ar), 141,6 (s,
CH, Ar), 136.4 (s, C Ar), 135.5 (s, NCHN), 130,2, 128,9, 126.9 (all s, CH Ar), 124.8 (s,
CH Im), 120.9 (s, CH Ar), 119.0 (s, CH Im), 112.2 (s, CH Ar), 36.3 (s, CHs).

e Structural Analysis of Complexes 2, 3, 5, 6, and 7.

X-ray data were collected for the complexes on a Bruker Smart APEX or Bruker
Smart APEX DUO CCD diffractometers equipped with a normal focus, and 2.4 kW
sealed tube source (Mo radiation, A = 0.71073 A). Data were collected over the
complete sphere covering 0.3° in w. Data were corrected for absorption by using a
multiscan method applied with the SADABS program.® The structures were solved by
Patterson or direct methods and refined by full-matrix least squares on F* with
SHELXL2016,” including isotropic and subsequently anisotropic displacement
parameters. The hydrogen atoms were observed in the last Fourier Maps or calculated,
and refined freely or using a restricted riding model. The hydrides were refined with a
fixed distance Os-H.

For 2, the osmium atom is located on a binary symmetry axis which divides the
asymmetric C,N-bipyridine coordinated ligand into two moieties related by symmetry.
Because of that, there is a positional disorder between the 2/6 and 2°’/6° locations of
nitrogen/carbon atoms of the C,N-coordinated bipyridine ligand refined with occupancy
of 50% each with the aid of the EXYZ and EADP options of SHELXL. For 3-6 the
disordered groups were refined with different moieties, complementary occupancy

factors, restrained geometries, and isotropic displacement factors.
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Crystal data for 2 (CCDC 1987592): CysHs5,N,OsP,, My 668.85, orange, irregular block
(0.143 x 0.100 x 0.046 mm’), orthorhombic, space group Pben, a: 8.5429(5) A, b:
18.7702(12) A, ¢: 17.9964(11) A, V=2885.8(3) A’>, Z=4, Z’= 0.5, De: 1.540 g cm™,
F(000): 1360, T = 100(2) K, p = 4.548 mm’'. 48084 measured reflections (20: 3-57°, ®
scans 0.3°), 3642 unique (Riy; = 0.0366); min./max. transm. factors 0.670/0.862. Final
agreement factors were R' = 0.0189 (2955 observed reflections, I > 20(I)) and wR? =
0.0464; data/restraints/parameters 3642/2/160; GoF = 1.021. Largest peak and hole:
1.285 (close to osmium atoms) and -0.668 e/ A°.

Crystal data for 3 (CCDC 1987590): C34Hs¢N2OsP,, My 744.94, orange, irregular block
(0.142 x 0.127 x 0.055 mm”), triclinic, space group P-1, a: 8.9477(5) A, b: 12.8386(7)
A, c: 153127(9) A, a: 83.7190(10)°, B: 74.8350(10)°, y: 79.0300(10)°, V =
1663.48(16)A°, Z=2, Z’ =1, Deae: 1.487 g cm™, F(000): 760, T = 100(2) K, p = 3.954
mm™. 15961 measured reflections (20: 3-51°, o scans 0.3°), 7735 unique (Riy =
0.0209); min./max. transm. factors 0.640/0.862. Final agreement factors were R' =
0.0276 (6990 observed reflections, I > 20(I) and WwR> = 0.0659;
data/restraints/parameters 7735/27/370; GoF = 1.061. Largest peak and hole 1.402

(close to osmium atoms) and -1.827 e/ A°>.

Crystal data for 5§ (CCDC 1987594): C;36HssN,OsP,, 1.5(C¢Hg), My 888.14, orange,
irregular block (0.231 x 0.210 x 0.118 mm®), monoclinic, space group P2,/n, a:
11.2086(10) A, b: 20.6449(18) A, ¢: 18.1317(15) A, B: 99.7910(10)°, ¥ = 4134.6(6) A,
Z=14,7"=1, Dege: 1.427 g cm™, F(000): 1828, T = 100(2) K, p = 3.194 mm™. 76754
measured reflections (20: 3-57°, @ scans 0.3°), 11379 unique (Riy = 0.0294); min./max.
transm. factors 0.762/0.862. Final agreement factors were R' = 0.0198 (10195 observed
reflections, I > 20(I)) and wR* = 0.0485; data/restraints/parameters 11379/4/ 448; GoF
= 1.024. Largest peak and hole 0.939 (close to osmium atoms) and -0.564 ¢/ A°.

Crystal data for 6 (CCDC 1987591): Cs7HsoN3OsP,, My 798.01, colorless, irregular
block (0.143 x 0.098 x 0.093 mm’), triclinic, space group P-1, a: 12.7290(6) A, b:
15.5400(8) A, c: 18.4985(9) A, a: 81.3860(10)°, 5: 81.4380(10)°, y: 82.3890(10)°, V =
3554.8(3) A’, Z=14,7" =2, Deaie: 1.491 g cm™, F(000): 1632, T = 100(2) K, p = 3.707
mm™'. 56695 measured reflections (20: 3-57°, ® scans 0.3°), 17036 unique (Riy =
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0.0456); min./max. transm. factors 0.735/0.862. Final agreement factors were R' =
0.0307 (13143 observed reflections, I > 20(I) and wR®> = 0.0738;
data/restraints/parameters 17036/16/ 818; GoF = 0.951. Largest peak and hole 1.560

(close to osmium atoms) and -1.025¢/ A°.

Crystal data for 7 (CCDC 1987593): Cs3Hs¢BF4N3OsP,, My 833.75, yellow, irregular
block (0.178 x 0.152 x 0.104 mm®), monoclinic, space group P2i/n, a: 11.1123(10) A,
b: 14.7336(14) A, c: 22.192(2) A, f: 102.3770(10)°, V = 3548.9(6) A’, Z=4, 72" =1,
Deaie: 1.560 g cm™, F(000): 1688, T = 100(2) K, n = 3.731 mm™. 47193 measured
reflections (20: 3-57°, o scans 0.3°), 9635 unique (Riy = 0.0372); min./max. transm.
factors 0.712/0.862. Final agreement factors were R' = 0.0228 (8135 observed
reflections, I > 26(I)) and wR? = 0.0493; data/restraints/parameters 9635/2/ 422; GoF =
1.028. Largest peak and hole 1.028 (close to osmium atoms) and -0.416 ¢/ A°.
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o NMR spectra
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Figure S1. 'H NMR spectrum (300.13 MHz CD,Cl,, 298 K) of 3-methyl-1-(6-phenylpyridin-2-yl)-1H-benzymidazolium tetrafluoroborate.
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Figure S2. "F{'H}-NMR spectrum (376.49 MHz CD,Cl,, 298 K) of 3-methyl-1-(6-phenylpyridin-2-yl)-1H-benzymidazolium tetrafluoroborate.
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Figure $3. "C{'H}-apt NMR spectrum (75.48 MHz CD,Cl,, 298 K) of 3-methyl-1-(6-phenylpyridin-2-yl)-1 H-benzymidazolium

tetrafluoroborate.
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Figure S4. '"H NMR spectrum (300.13 MHz, DMSO-d, 298 K) of 3-methyl-1-(6-phenylpyridin-2-yl1)- 1 H-Imidazolium tetrafluoroborate.
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Figure S5. ""F{'H} NMR spectrum (376.49 MHz DMSO-ds, 298 K) of 3-methyl-1-(6-phenylpyridin-2-yl)-1 H-Imidazolium tetrafluoroborate.
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Figure $22. "H NMR spectrum (400 MHz, toluene-ds, 298 K) of compound 6.
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Figure S23. High field region of the 'H NMR spectra (400 MHz, toluene-ds) of compound 6 as a function of the temperature.
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Figure S24. Sp{'"H} NMR spectrum (121.49 MHz, C¢Dg, 298 K) of compound 6.

S29



'Pr3P C(©
N o o D NN s, /) J=~_N
e gEsy g wg  QEBE o§E @ el
3 Y888 3 5 9 REERY 7 2 8 H/\Y(@
| N =/ | | T\/‘ M i J‘ ‘ Pryp
Ul | 6
l fromprorme e 130 125 120 115 110 105
T T T T T T T T T T T T T T fl (ppm)
165 160 155 150 145 140 135 < N "
f1 (ppm) 8 NS & R
. BB @ o
\ ~I—
N 0N o |
&% RN
~I |
T T T T T T T T T T T T T T T fl m
203.0 202.0 201.0 200. (ppm)
f1 (ppm)
N ' T T M " .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Figure $25. *C{'H}-apt NMR spectrum (75. 48 MHz, C¢Ds, 298 K) of compound 6.

f1 (ppm)

S30



o
o 2
a 2 a0~
L1L°0 3 vON_ @
. / o o ®
T%2°0 _ | "z £ F®
R 28] T —
€940 e pic u ©
S82°0 I EO
Bw.o\ < "
1€8°0 e 8ch'8- o
. ~ 8- oY
608'T - I ~ T€0°8 )
o857 | £ £8€°8-
€68'T 1 MRS b8 8- \n
S06'T | T peEE = %
/167 1 © e = e
676'T 1 s 0TE™8- oca
56T | . £36°5- it
. i =
256’1} wﬂ I 009°¢- “
$96°T & 3 =) /- = 1
mmm.i, N NMMMV = "
886'T LT5'L- :
STS°Z- Q
£05°/- h
LIV L-
)
M ©
i
— g
™M
(e)}
E 3G
] o
0vS'9 S 3
vvm.m/ = T e
2L6'9
wmm.wk o
9669 =t J =
moo.nw 8
££0°L — M\ —
88/°L £ -
s s b = o2 S«
o i - 0 — o
€18, — -
818°/ + %
2€8°L - o <
0v8°L | o i
558°/ o
100°8 B o
mmo.wg\ . °
/856 o

1 o -1 2 -3 4 -5 -6 -7 -8 -9 -10
f1 (ppm)
Figure S26. 'H NMR spectrum (300.13 MHz, CD,Cl,, 298 K) of compound 7.

2

10

S31



—4.049

‘ 1
O o
3 8
)] (o]
\ \
| PiPr
e T Q \\
-1.21 -1.00 / y
o s 5 7 & dN R
H—Os _N_ /' g
f1 (ppm) H B\
H/ \ )7/ . F/ F
N\,
pr,p H
7
100.00
18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O -1 -2 3 4 -5 -6 -7 -8 -9
f1 (ppm)

Figure S27. '"H NMR 1D-NOE (400.13 MHz, CD,Cl,, 298 K) spectrum of compound 7 obtained by selective excitation of the signal at 4.00 ppm
(mixing time d8 = 0.364 s).

S32



—0.385

PPry
S s
H—Os _N_ /' g’
/ yYH. /o>
T
IPF3P

7

9 7 5 3 1 -1 -3 -5 -7 -9 -11

f1 (ppm)
Figure S28. >'P{'H} NMR spectrum (121.49 MHz, CD,Cl,, 298 K) of compound 7.

T

-13

T

-15

S33



—-151.935

15 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -19!
f1 (ppm)
Figure S29. ""F{'H} NMR spectrum (376.49 MHz, CD,Cl,, 298 K) of compound 7.

S34



[co XX )Mo NN e)] ONONNLL < ~— 00 N ™M [ee] (<0}
NN AN - — O N = NN [e)} o= Mm < — o
~9 0 ® N=H9O0-m = 989 ® 9 R
T T MmO nwmwm— O Lwn o0} ~— N O o n n
NNMNO N wwmwn < ™M ™M AN AN Q)] — o
Lo B e B B | R IR o B o B o B o IO | i ™ - i R} i
— e A ANV | |

% JLLLLLL

175 165 155 145 135 125 115 105
f1 (ppm)
P'Pry
N VY F N w0 N <
B P S RRR33
Ho /O R R
/ { X)’ 4 (T —_
'Pr3P |
7 i
l 60 50 40 30 20 LJL
f1 (ppm)
__J J
T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30
f1 (ppm)
Figure S30. >C{'H}-apt NMR spectrum (75.48 MHz, CD,Cl,, 298 K) of compound 7.

S35



L0T6°T
[444 N W
8EE6'T

+19€°9
578€'9 W
£504°9

66/8°9 \
6106'9 7

T¢0T°L
¥8CT'L

18258
21958 /
69/5'8 7
vS9L'8 T
168 J

99/0°L &

95 9.0 85 8.0 75 7.0 6.5

2.0

f1 (ppm)

f1 (ppm)

PE0T'TC-
PL8T1°TC- %v

(444 -

2080°'TZ- \‘
SH90°TZ-

T€S5°TT-
80b5'CT- %
[9A:1 24 SN
ToLbTT-
STTreI- \
9,0b'CT-

-21.6

-21.3

-21.0

-12.8

-12.4

f1 (ppm)

f1 (ppm)

JUU

Y

| Y,V

—i IR

1.00 0.77 1.83 1.47 1.27 0.97

g

0.98

1.03

6.17 36.24

-22

-12 -14 -16 -18 -20

-10

4 6 -8

-2

10

12

f1 (ppm)
Figure $31. "H NMR spectrum (300.13 MHz C¢Ds, 298 K) of compound 9.

S36



26.1243

P'Prs
|
H/I,""| o =N
. \ /
PIPr3
9

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 O -5 -10 -15 -20 -25 -30 -35 -4(
f1 (ppm)
Figure S32. S'p{'H} NMR spectrum (121.49 MHz C¢Dg, 298 K) of compound 9.

S37



R >
3338 2 3 8 & § z28¢g
| | | | \
I | | I
T Ll
169.0 168.0 167.0 166.0 165.0 160 155 150 145 140 135 130 125 120
f1 (ppm) f1 (ppm)
PryP
e
Ho, 1 W N oo N M
'S SR8 88
H | N 588 R4
ipraP ~I~ \
|
° i “

—r T 1 - T 1 1T T 1T T

28 27 26 25 24 23 22 21 20 19 18
| J | f1 (ppm)

.

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
Figure S33. >C{'H}-apt NMR spectrum (75.48 MHz C¢Ds, 298 K) of compound 9.

S38



O O O ON-H N0 n o O O
— O NONMLKMmMm OM n <t N -
- Q QN ©VO T n n m A
[e) W)} O 00 CO 0O © 0 N O O O
N NN NS — ~I~
‘\
96 9.4 9.2 9.0 88 86 84 82 80 78 76 74 72 7.0 6.8 6.6 6.4 6.2 6.0
f1 (ppm)
O I~ M = -
nm<T onaoN +HO .
33330‘.0‘. 'Pr3P Ph
8
e §§§§§§ How,, ’r““\\N §§§§§§
TERSEE g | SNy FAASAA
NN VA . =
iy . lpr3p ~V N2 S
|
T T T | I 10 || |
2.5 2.0
-12.3 -12.5 -12.7 -20.9 -21.1 -21.3
f1 (ppm) f1 (ppm)
L ,a —
——— i M W R T T
1.00 0.75 1.06 1.84 0.96 1.67 0.92 0.88 6.24 36.27 1.14 1.14
13 11 9 7 5 3 1 1 3 -5 -7 -9 -11 -13 ~-15 -17 -19 -21

f1 (ppm)
Figure S34. '"H NMR spectrum (300.13 MHz, C¢Ds, 298 K) of compound 10.

S39



26.5217

'PrsP
3’ o~ Ph
Hu,,, | BRI N
r
nd ’ \N/\\
'PrsP
10

10 100 90 8 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -7
f1 (ppm)
Figure S35. >'P{'H} NMR spectrum (121.49 MHz, C¢Ds, 298 K) of compound 10.

T T T T T T T T

S40



MmN o [V} < < ™M <
295 3 a 2 2 3 8
Nwomno Q © N S n
0 n ~N [00] o
99y ¥ = Y A
~J— | |
e
170 165 160 155 150 145 140 135
f1 (ppm)
N
— 0N (el =) o) N o
2083 T 285 35
SENE KN 9 Q9 Y,
— o — — R ‘ g !
‘/ N N2 \ Nl U
Qﬁ H i - i
T vﬂﬂv T T T T T T T T T T 1 1~ 7 T 17T 17T 717 =7
130 128 126 124 122 120 28 26 24 22 20 18
f1 (ppm) Prsb___ph f1 (ppm)
HIII",, Il “‘\\\ \N
r
H/ | \N; \
'PrsP

T S
L L E |

170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)
Figure $36. °C{'H}-apt NMR spectrum (75.48 MHz, C¢D, 298 K) of compound 10.

S41



$628°0
ommw.oV
8080 ~
9888°0
Zv10°C
ENOL
T8€0°Z 1
86v0°Z
£290°C

f

£00C°L

69+0°8
6090°8
64.0°8 L

SPPT8~\
€09T'8 7
an.wx
6v52'8
96£7°8
€445°8
0€85°8 W
9€85'8
£€965°8 /

2.0
f1 (ppm)

2.5

1.0

1.5

3.0

3.5

0080°9T-~
9€T0'9T-— —
0L16°ST-

-16.4

-16.0
f1 (ppm)

88 86 84 82 80 78 76 74 /.2 7.0 6.8

f1 (ppm)

1Ny

R

0.72 0.99 1.02 0.96 1.52 0.93 0.93 2.86 3.00 6.28 36.25

1.04

-13 -15

-11

-5

-3

f1 (ppm)
Figure $37. '"H NMR spectrum (300.13 MHz, C¢Ds, 298 K) of compound 11.

-1

11

S42



— 3.4745

T T T T T T T T T T T T T T T T T T T T T

40 30 20 10 0 -10
f1 (ppm)
Figure S38. *'P{'H} NMR spectrum (121.49 MHz, CsDs, 298 K) of compound 11.

-20 -30 -40 -50

T T

-60

S43



8 3AREERER 2
R 88EL 83T & 2 Sz Tl o0
N S SN \ IR SRR BT
L l i J,_J[
ittt 1 et R L
T T T ﬂv T T
175 170 165 160 155 145 140 135 130 125 120
f1 (ppm) f1 (ppm)
™M N 0 < o O I
AN - O < — W ™M
n ™~ o o ™M — M
M = Q o N S o
O O N Q] L a0
NN AN o o o
S| \ N2
|

L
%

26 25 24 23 22 21 20 19 18
f1 (ppm) ‘ I

,I Wi Mool v o

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 1
f1 (ppm)
Figure $39. >C{'H}-apt NMR spectrum (75.48 MHz, C¢D, 298 K) of compound 11.

S44



o m O WOV O ®© — <N
m N N - N — < NI m
o ™M — QO 0 O <
- Q Ty 499 N
a O O 00 0 NN
N NN ~I—

0

0

0

0

0
—-21.2960
- —-21.3534

J
h

222018161412 1.00.8 0.6 ————

f1 (ppm) -21.2 -21.4 -21.6
f1l m
o Gom |
— b e A { i)
1.98 2.04 1.63 1.71 6.00 36.06 2.16

S B e oo e oo e o s B e oo e e e L B s E e E e e s o S R ey ey

—T

-19

—

21 -

-13

5 -7 9 -1 -15  -17
f1 (ppm)

Figure $40. "H NMR spectrum (300.13 MHz, CD,Cl,, 298 K) of compound 12.

11 9 7 5 3 1 -1 -3

S45



— 24.0207

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

30 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -E
f1 (ppm)
Figure S41.°'P{'"H} NMR spectrum (121.49 MHz, CD,Cl,, 298 K) of compound 12.

T

S46



-153.1297

15 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -19
f1 (ppm)
Figure S42. "F{'H} NMR spectrum (376.49 MHz, CD,Cl,, 298 K) of compound 12.

S47



— 157.4627
— 155.9477
- —138.0200
- —127.5403
-— 124.7938

T O T O
O5RS
N~ o
ggua
e
160 156 152 148 144 140 136 132 128 124 60 50 40 30 20 10
f1 (ppm) f1 (ppm)

] L #L

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
Figure $43. "C{'H}-apt NMR spectrum (75.48 MHz, CD,Cl,, 298 K) of compound 12.

S48



e Deuteration Experiments

'PrsP

HoOoOMNMIT NOMNOUIOITANLLANOOO
nAN—-—oooownNETMmOT O
WO OWONNNNNNAHAHAO \ \
S N S S N [ O S D,,,“ ‘/D
[ S T T _ I L S S R— S\
D//\D
. D
IPr3P
1-d
[e)INe) MeolR
NO MY
[celNe) M e MNe)]
TP
NN N
|
0.69
T T T T T T T T T
-9.7 -9.8 -9.9 -10.0 -10.1
f1 (ppm)
I
B .
s [
6.00 36.50 0.69

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

8 7 6 5 4 3 2 1 0 -1 2 3 4 5 6 -7 -8 -9 -10 -1
f1 (ppm)
Figure S44. "H NMR spectrum (300.13 MHz, C4Dg, 298 K) of compound 1-d. A delay (d1) of 5 seconds was used in order to assure the correct

integration of the resonances.

S49



—7.160

—-9.861

iPr3P

5 3 1 -1 -3 -5 -7 9 -11
f1 (ppm)
Figure $45. °H NMR (61.42 MHz, C¢Hg, 298 K) of compound 1-d.

— T

-13

-

-15

-

-17

-

-1

S50



—57.715

PRI PV T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 4-
f1 (ppm)
Figure $46.°'P{'"H} NMR spectrum (121.49 MHz, C¢Ds, 298 K) of compound 1-d.

S51



2 RS
< NIN W0
(o)} c0 |00 O
\ Vo
1,4- dioxane
0.87 I ‘
iPr3PO.ig ) — — — 7
0.42 Ho, ’ N\ j’\?.SS . 0:28‘0.31 ?.99 0;14‘ . 9.1? 0.‘16‘0.1'5 .
0.42H—0s_ X010 10.0 9.0 8.0 7.0 6.0
- N f1
0.42 H =086 (ppm)
i 0.72 :
PraP 0.84
2-d Q hy
M o
\ \
T T
1.19 0.55
w -7 -9 -11 -13 -15
f1 m
Uh )J\M ) A UL_ (pp )
F T OF BD LA 3 & b & h
NG~ S a o — n
[eNeNole) o OO o o [ — o
12 1110 9 8 7 6 5 4 3 2 1 0 -1 -2 3 4 -5 -6 -7 -8 -9-10-11-12-13-14
f1 (ppm)

Figure $47. '"H NMR spectrum (300.13 MHz, C¢Ds, 298 K) of compound 2-d. A delay (d1) of 5 seconds was used in order to assure the correct
integration of the resonances.

S52



™~
OANO == O~ [e)) N % Q
NOMMNANM- M N N 1
TN AN—Q®QNM N ® P N
AW WONNNWOOULO — (@) [ |
LN =& \ | ‘
_0.69 04-)87
'Pr3P (A
0azh, | N
0.42 H7'OS‘;N —0.10
042H 072\ =().86
'PrsP 77 0.84
2-d

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

8 7 6 5 4 3 2 1 0 -1 -2 3 4 -5 -6 -7 -8 -9
f1 (ppm)
Figure S48. ’H NMR spectrum (61.42 MHz, C¢H, 298 K) of compound 2-d.

-10 -11 -12 -13 -14

T 1

S53



M =N OO H\DNﬁDLﬁ o
N OOV O T O N AN O In <+ <
T RONNO© R
Gy 00 O O O NNNINDN (o]

| =N N B |

: L+
Prsp 0-85 591 ‘ ‘

B A T

3-d 0.150.13 1.01 1,40 0.68 0.52 0.09
95 90 85 80 75 7.0 6.5 6.0
f1 (ppm)
1,4- dioxane

(32}
3 g
T R
@ -
| |

N‘ﬁd Tt L ik " Wl o giﬁh'” "
Lkt i L) V WA

0.75 0.33
-8 <9 -10 -1 -12 -13

A B o
. _J . e

— W e i — i -
0.150.13 1.01 1.40 0.68 0.52 0.09 2.00 0.59 4.31 0.75 0.33
1110 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -;
f1 (ppm)

Figure $49. "H NMR spectrum (300.13 MHz, C4Dg, 298 K) of compound 3-d. A delay (d1) of 5 seconds was used in order to assure the correct
integration of the resonances.

S54



o\l
NCZ8 9 ¢ 3 Q 8
%Mo~ in N o - N
a O 0 (o) — g T 1
N \ | \ \
3’ 0.74
~
0.64H” | TN,

3-d

Iy I I
9 7 5 3 1 -1 -3 -5 -7 -9 -11 -13 -15 -1
f1 (ppm)

Figure S50. ’H NMR spectrum (61.42 MHz, C¢H, 298 K) of compound 3-d.

S55



1,4- dioxane

— 6.696

0.03 0.03 0.03 0.23 0.04 0.45 0.03
8.8 86 84 82 80 78 7.6 74 7.2 7.0 6.8 6.6
f1 (ppm)
WL JKL I
AR Tndsd B 'y
©ooonNoYTOo oo Q M ™M
'OTO'OTO'OTO'O T T T T 'NYO‘T'? T YH' T T T T T T T T T T T T T T T T NO'OT T T T
9 8 7 6 5 4 3 2 1 0 -1 2 3 4 -5 -6 -7 -8 -9 -10 -11 -12

f1 (ppm)
Figure $51. '"H NMR spectrum (300.13 MHz, C¢Ds, 298 K) of compound 5-d. A delay (d1) of 5 seconds was used in order to assure the correct
integration of the resonances.

S56



—8.734
—8.362

7.426
N 7.324
\ 6.981

—3.339
—2.170
0.998

—-8.076
~-8.374

6 5 4 3 2 1 o -1 -2 -3 -4 -5
f1 (ppm)
Figure S52. ’H NMR spectrum (61.42 MHz, C¢H, 298 K) of compound 5-d.

S57



—9.595
—8.760
—8.435
\ 7.406
—7.055
. 6.926

\7.310

0.80 0.78 1,4- dioxane ‘

) * I

Pryp 2 ‘
0264, | I N h
0.26H——Os.. 0 LA

02617 | L)oo b O L% 100043011053
PrsP 7 5T 98 94 90 86 82 78 74 7.0 66

f1 (ppm)

6-d ® <

3 5

% 5

\ \

I
1

-8.0 -8.5 -9.0 -9.5 -10.0-10.5

L L f1 (ppm)

1.020 &
C
=
0.7

6 SN 4 & & & Y e
NO oY O o © N @ ~N n
T T T OT ‘_|' T‘_| 'O ? o‘ T T T (Y-\‘ 'r\‘ T T IH' P\ T T T T T T T T T T T T T T T T T Io' T T Y_? T T
11 10 9 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 6 -7 -8 -9 -10 -11
f1 (ppm)

Figure $53. '"H NMR spectrum (300.13 MHz, C¢Ds, 298 K) of compound 6-d. A delay (d1) of 5 seconds was used in order to assure the correct
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Figure S61. H NMR spectrum (61.42 MHz, CsHg, 298 K) of compound 10-d.
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