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General Information
All manipulations were carried out under an atmosphere of purified nitrogen using
standard Schlenk techniques or in a MBRAUN LABMaster glovebox equipped with a
-10 °C refrigerator. Solvents were purchased from commercial sources, and purified by
conventional methods prior to use. Glassware was oven-dried at 150 °C overnight. The
NMR spectra were recorded at the room temperature on a JEOL Eclipse 500
spectrometer ("H: 500.16 MHz, '3C: 125.77 MHz and 470.62 MHz) and a JEOL Eclipse
300 spectrometer (1°F: 282.78 MHz). Chemical shifts for 'H and '*C spectra are
referenced to the solvent peak ('"H; CD2Cl> § 5.32, CDCl3, & 7.26 *C; CD,Cl» § 53.84,
CDCls § 77.16, DMSO-ds & 39.52). 'H NMR coupling constants (J) are reported in
Hertz (Hz) and multiplicities are indicated as follows: s (singlet), d (doublet), t (triplet),
m (multiplet). '’F NMR values were referenced to external CFCls. IR spectra were
collected at room temperature on a Shimadzu IRPrestige-21 FTIR containing an ATR
attachment at 2 cm™! resolution. Elemental analyses were performed at Intertek USA,
Whitehouse, NJ. Deuterated solvents were purchased from Acros Organics and
Cambridge Isotope Laboratories, respectively. The Fe(CO)s was obtained from Sigma-
Aldrich Company and distilled prior to use. Deuterated solvents were purchased from
Acros Organics and Cambridge Isotope Laboratories, respectively. Heating was
accomplished by either a heating mantle or a silicone oil bath. [HB(3,5-
(CF3)2Pz)3]Ag(CO)! and [HB(3-(CF3),5-(Ph)Pz);]Na(THF)? were prepared according

to literature procedures.
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Synthesis and Characterization of Metal complexes

H
T F3C é CF, CFs
F3C /T ey CF3 N/L )
A Ol 10D
5L ) . PRI
N\ /N/ " Hoxane F4C Aé/CF
3 3 CF,
FsC A9 CF, & oc co
\ 3 \Fe/
co o™ ‘ """ e
co

Synthesis of [HB(3,5-(CF3):Pz)3]Ag-Fe(CO)s (3)

To a colorless solution of [HB(3,5-(CF3)2Pz)3]Ag(CO) (185 mg, 0.25 mmol) in
anhydrous hexane (5 mL) at -20 °C was added dropwise a yellow solution of Fe(CO)s
(98 mg, 0.5 mmol) in anhydrous hexane (0.5 mL) under N> atmosphere. The colorless
solution was stirred for 10 min. The solution was kept in refrigerator under -20 °C
overnight to obtain [HB(3,5-(CF3)2Pz)3]Ag-Fe(CO)s as yellow single crystals (169 mg,
73 % yield). "H NMR (CD,Cl, 500.16 MHz, 298 K) &: 6.98 (s, Pz), 4.97 (br, 1H, BH).
BC{'H} NMR (CD:Cl,, 125.77 MHz, 298 K) 8: 207.3 (br s, CO), 143.9 (q, Jc-r = 39.0
Hz, CCF3), 140.8 (q, Jcr = 40.5 Hz, CCF3), 120.9 (q,'Jcr = 268.8 Hz, CF3), 119.7
(q,'Jcr = 270 Hz, CF3), 107.0 (s, CH-Pz). 'F NMR (CD:Cl,, 470.62 MHz, 298 K) §: -
59.5 (s, CF3), -61.7 (s, br, CF3). IR (Selected bands) cm™': 2009 (CO), 2038 (CO), 2068
(CO), 2130 (CO). Anal. Caled. for C20H4AgBF1sFeN¢Os: C, 25.98; H, 0.44; N, 9.09.

Found: C, 25.91; H, 0.36; N, 9.95.
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Synthesis of [HB(3-(CF3),5-(Ph)Pz);]Ag-Fe(CO)s (4)

[HB(3-(CF3),5-(Ph)Pz)3]Ag(THF) (165 mg, 0.2 mmol) (prepared by the reaction of
[HB(3-(CF3),5-(Ph)Pz);]Na(THF) with AgOTf)*> was dissolved in anhydrous
Et2O/CH2CI2 (1:1, 10 mL) and the solvent was removed in order to remove the
coordinated THF. The residue was dissolved in anhydrous CH>Cl> (5 mL) at -20 °C a
yellow solution of Fe(CO)s (78.5 mg, 0.4 mmol) in anhydrous CH>Cl, (0.5 mL) was
added under N> atmosphere. The yellow solution was stirred for 10 min. The solution
was mixed with some hexane and kept in refrigerator under -20 °C overnight to obtain
[HB(3-(CF3),5-(Ph)Pz)3]Ag-Fe(CO)s as yellow single crystals (90 mg, 47% yield). 'H
NMR (CD:Clz, 500.16 MHz, 298 K) &: 7.24-7.20 (m, 3H, Ph), 6.97-6.95 (m, 6H, Ph),
6.59 (s, 3H, Pz), 4.71 (br, 1H, BH). 3C{'H} NMR (CD:Cl,, 125.77 MHz, 298 K) &:
208.5 (br s, CO), 152.2, 143.0 (q, Jc-r = 37.2 Hz, CCF3), 131.4, 130.0, 128.4, 128.1,
122.0 (q, 'Jcr = 267.5 Hz, CF3, 105.1 (s, CH-Pz). "’F NMR (CD:Cl,,282.78 MHz, 298
K) &: -61.3 (s, CF3). IR (Selected bands) cm™': 1996 (CO), 2032 (CO), 2043 (CO), 2058
(CO), 2123 (CO). Anal. Calcd. for C3sHi9AgFeBF9N¢Os with 0.75 hexane: C, 46.80;

H, 2.93; N, 8.29. Found: 46.75; H, 2.83; N, 8.21.
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Figure S2: 3C NMR Spectrum of [HB(3,5-(CF3)2Pz)3]Ag-Fe(CO)s (3) in CD2Cl.
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Figure S4: IR Spectrum of [HB(3,5-(CF3):Pz)3]Ag-Fe(CO)s (3).
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Figure S5: 'H NMR Spectrum of [[HB(3-(CF3),5-(Ph)Pz)3]Ag-Fe(CO)s (4) in CD,Cl,.
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Figure S6: 13C NMR Spectrum of [HB(3-(CF3),5-(Ph)Pz)3;]Ag-Fe(CO)s (4) in CD,Cl..
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X-ray Data Collection and Structure Determinations

A suitable crystal covered with a layer of hydrocarbon/Paratone-N oil was selected and
mounted on a Cryo-loop, and immediately placed in the low temperature nitrogen
stream. The X-ray intensity data were measured at 100(2) K (unless otherwise noted)
on a Bruker D8 Quest with a Photon 100 CMOS detector equipped with an Oxford
Cryosystems 700 series cooler, a Triumph monochromator, and a Mo Ka fine-focus
sealed tube (A = 0.71073 A). Intensity data were processed using the Bruker Apex
program suite. Absorption corrections were applied by using SADABS.? Initial atomic
positions were located by SHELXT,* and the structures of the compounds were refined
by the least-squares method using SHELXL?® within Olex2 GUL® All the non-hydrogen
atoms were refined anisotropically. The H atoms were included in their calculated
positions and refined as riding on the atoms to which they are joined. X-ray structural
figures were generated using Olex2.® The CCDC 2126148 contain the supplementary

crystallographic data for these molecules.
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Figure S12. Atom labelling scheme of [HB(3,5-(CF3)2Pz)3]Ag-Fe(CO)s (3)

2,4246(13)

Figure S13. A view showing the coordination geometry at silver and iron in [HB(3,5-

(CF3)2Pz)3]Ag-Fe(CO)s (3), and selected bond distances
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Table S1. Crystal data and structure refinement for [HB(3,5-(CF3)2Pz)3;]Ag-Fe(CO)s

3).

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

w/mm!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A

rad526a a

CooH4AgBF 1sFeNsOs
924.80

100.0

monoclinic

P2i/c

11.4955(4)

25.9298(8)

10.7081(3)

90

113.251(1)

90

2932.60(16)

4

2.0944

1.322

1783.6

0.4 x0.3x%x0.15

Mo Ka (A =0.71073)

6.1 to0 61.06
-16<h<16,-36 <k<37,-15<1<15
40436

8966 [Rint = 0.0193, Rgigma = 0.0151]
8966/0/469

1.060

R1=0.0277, wR2 = 0.0680
R1=0.0297, wR2 =0.0692
0.92/-0.95

Table S2. Bond Lengths for [HB(3,5-(CF3)2Pz)3]Ag-Fe(CO)s (3)..

Atom Atom  Length/A
Ag  Fe  2.6859(3)
Ag NI 2.4843(13)
Ag N3 2.4246(13)
Ag N5 23214(13)
Ag  Cl6  2.6339(18)
Ag  CI7  2.6734(19)
Fe  Cl6  1.8268(19)

Atom Atom Length/A
ol  Cl6 1.135Q2)
02 C17  1.138Q2)
03 CI18  1.1272)
04 CI9  1.1293)
05 20 1.1332)
NI N2 13556(17)
NI Cl  13325(19)
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Table S2. Bond Lengths for [HB(3,5-(CF3)2Pz)3]Ag-Fe(CO)s (3)..
Length/A

Atom Atom
Fe C17
Fe C18
Fe C19
Fe C20
F1 C4
F2 C4
F3 C4
F4 C5
F5 C5
F6 C5
F7 C9
F8 C9
F9 C9
F10 C10
F11 C10
F12 C10
F13 Cl4
F14 Cl4
F15 Cl4
Fl16 Cl15
F17 Cl15
F18 Cl15

Table S3. Bond Angles for [HB(3,5-(CF3)2Pz);]Ag-Fe(CO)s (3).

1.813(2)
1.834(2)
1.824(2)
1.8203(19)
1.335(2)
1.3367(18)
1.3421(19)
1.335(2)
1.332(3)
1.326(3)
1.330(2)
1.341(2)
1.336(2)
1.340(2)
1.323(3)
1.338(2)
1.333(3)
1.331(2)
1.329(2)
1.336(2)
1.329(3)
1.340(2)

Atom Atom Atom Angle/°

N1
N3
N3
N5
N5
N5
Cleé
Cleé
Cleé
Cleé
C17
C17

Ag
Ag
Ag
Ag
Ag
Ag
Ag
Ag
Ag
Ag
Ag
Ag

Fe
Fe
N1
Fe
N1
N3
Fe
N1
N3
NS5
Fe
N1

128.16(3)
135.10(3)
77.51(4)
130.28(3)
83.29(5)
82.89(5)
40.15(4)
105.09(5)
103.78(5)
170.14(5)
39.54(4)
94.31(5)

Atom Atom
N2 C3
N2 B
N3 N4
N3 Co6
N4 C8
N4 B
N5 N6
N5 Cll1
N6 C13
N6 B
Cl C2
Cl C4
C2 C3
C3 C5
Co6 C7
Co6 C9
C7 C8
C8 C10
Cll1 Cl12
Cll1 Cl4
Cl12 C13
CI13 C15

Length/A

1.362(2)
1.554(2)
1.3542(18)
1.3344(19)
1.3596(19)
1.563(2)
1.3563(18)
1.333(2)
1.357(2)
1.548(2)
1.389(2)
1.490(2)
1.374(2)
1.492(3)
1.396(2)
1.487(2)
1.372(2)
1.493(2)
1.390(2)
1.489(3)
1.375(3)
1.493(2)

Atom Atom Atom Angle/°

C1
C1
F5
F6
F6
C3
C3
C3
C7
C9
C9
C8

C4
C4
Cs
Cs
C5
C5
C5
C5
Co6
Co6
Co6
C7

F2
F3
F4
F4
F5
F4
F5
Fo6
N3
N3
C7
C6

112.72(14)
110.42(14)
107.3(2)

106.73(18)
107.36(19)
109.50(16)
112.22(17)
113.43(19)
112.18(14)
122.22(14)
125.58(14)
103.19(14)
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Table S3. Bond Angles for [HB(3,5-(CF3)2Pz)3;]Ag-Fe(CO)s (3).
Atom Atom Atom Angle/°

C17
C17
C17
Cl16
C17
C17
C18
C18
C18
C19
C19
C19
C19
C20
C20
C20
C20
C20
N2
C1
C1
C3
B

B
N4
C6
C6
C8
B

B
N6
Cll1
Cll1
Cl13

C2
C4
C4

Ag
Ag
Ag
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
NI
NI
N1
N2
N2
N2
N3
N3
N3
N4
N4
N4
N5
N5
N5
N6
N6
N6
Cl
Cl
Cl

N3
N5
C16
Ag
Ag
C16
Ag
C16
C17
Ag
C16
C17
C18

C16
C17
C18
C19
Ag

N2
N1
N1
C3
Ag

N4
N3
N3
C8
Ag

N6
N5
N5
Cl13
N1
N1
C2

159.42(5)
115.23(5)
59.72(6)
68.39(6)
69.86(6)
93.12(8)
103.17(6)
170.88(8)
86.88(9)
84.77(7)
90.51(9)
150.84(10)
85.13(10)
158.78(6)
92.51(9)
103.42(10)
96.36(9)
105.31(11)
113.28(9)
137.94(10)
105.79(12)
109.30(13)
121.60(12)
128.52(13)
115.58(9)
136.53(11)
105.79(12)
109.42(13)
122.57(12)
128.00(13)
117.66(10)
133.85(11)
106.08(13)
109.23(13)
122.07(12)
128.65(14)
112.37(14)
122.07(14)
125.52(14)

Atom Atom Atom Angle/°

C7
C10
C10

C8

Cl12
Cl4
Cl4
CI13
Cl12
Cl15
Cl15
F14
F15
F15
Cl1
Cl1
Cl1
F17
F18
F18
CI13
CI13
CI13
Fe

o1

o1

Fe

02

C8

C8

C8

C9

C9

C9

C9

C9

C9

C10
C10
C10
C10
C10
C10
Cl1
Cl1
Cl1
Cl12
CI13
CI13
CI13
Cl4
Cl4
Cl4
Cl4
Cl4
Cl4
CI5
CI5
CI5
CI5
CI5
CI5
Cl6
Cl6
Cl6
C17
C17

N4
N4
C7
F7
F7
F8
F7
F8
F9
F10
F10
F11
F10
F11
F12
N5
N5
C12
Cl1

109.42(14)
124.42(15)
126.08(15)
106.51(15)
107.13(15)
106.28(15)
113.33(14)
111.80(15)
111.36(14)
107.61(17)
106.39(18)
106.94(17)
109.54(16)
114.27(17)
111.71(16)
111.86(15)
120.62(15)
127.52(16)
103.61(14)
109.23(15)
124.63(16)
126.04(16)
105.95(17)
108.23(19)
106.95(17)
112.46(16)
112.40(16)
110.55(17)
106.90(17)
107.37(17)
107.11(18)
108.89(17)
114.07(16)
112.16(16)
71.46(6)

114.12(14)
174.33(16)
70.60(6)

115.31(15)



Table S3. Bond Angles for [HB(3,5-(CF3)2Pz)3;]Ag-Fe(CO)s (3).

Atom Atom Atom Angle/°

C3
C2
C5
C5
F2
F3
F3
C1

C2
C3
C3
C3
C4
C4
C4
C4

C1
N2
N2
C2
F1
F1
F2
F1

103.39(14)
109.15(15)
124.77(15)
126.05(15)
107.54(14)
106.83(14)
105.89(13)
113.03(13)

Atom Atom Atom Angle/°

02
03
04
05
N4
N6
N6

C17
CI18
C19
C20
B
B
B

Fe
Fe
Fe
Fe
N2
N2
N4

173.44(17)
178.42(19)
175.3(2)

176.56(18)
109.33(12)
111.12(12)
110.17(12)
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Computational Details
Geometry optimizations of the complexes were performed without symmetry
constraints using the Gaussian09’ optimizer together with Turbomole 7.18 energies and
gradients at the BP86°/def2-TZVPP!? level of theory using the D3 dispersion correction
suggested by Grimme et al.!! and the resolution-of-identity (RI) approximation.'? This
level is denoted RI-BP86-D3/def2-TZVPP. Vibrational analysis was performed to
ensure that the optimized geometry corresponds to an energy minimum. Natural
charges were computed at the BP86-D3/def2-TZVPP with the help of the NBO6.0
program.!'?
The interaction AEiy, between the selected fragments is analyzed with the help of the
Energy Decomposition Analysis (EDA) method.'* Within this approach, AEiy can be
decomposed into the following physically meaningful terms:

AEint = AEcistat + AEpauii + AEor+ AEdisp
The term AEeistae corresponds to the classical electrostatic interaction between the
unperturbed charge distributions of the deformed reactants and is usually attractive. The
Pauli repulsion AEp.ui comprises the destabilizing interactions between occupied
orbitals and is responsible for any steric repulsion. The orbital interaction AEom
accounts for electron-pair bonding, charge transfer (interaction between occupied
orbitals on one moiety with unoccupied orbitals on the other, including HOMO-LUMO
interactions), and polarization (empty-occupied orbital mixing on one fragment due to
the presence of another fragment). Finally, the AE4sp term takes into account the
interactions which are due to dispersion forces. Moreover, the NOCV (Natural Orbital
for Chemical Valence)!® extension of the EDA method has been also used to further

partition the AEow term. The EDA-NOCV approach provides pairwise energy
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contributions for each pair of interacting orbitals to the total bond energy.

The program package AMS 2020.101'¢ was used for the EDA-NOCYV calculations at
the same BP86-D3 level, in conjunction with a triple-C-quality basis set using
uncontracted Slater-type orbitals (STOs) augmented by two sets of polarization
functions with a frozen-core approximation for the core electrons.!” Auxiliary sets of s,
p, d, f, and g STOs were used to fit the molecular densities and to represent the Coulomb
and exchange potentials accurately in each SCF cycle.!® Scalar relativistic effects were
incorporated by applying the zeroth-order regular approximation (ZORA).!” This level

of theory is denoted ZORA-BP86-D3/TZ2P//RI-BP86-D3/def2-TZVPP.
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Cartesian coordinates (in A) and total energies (in a. u., ZPVE included) of all the stationary points
described in the text (RI-BP86-D3/def2-TZVPP).
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