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Abstract:

The pyridine-based poly(pyridyl)borates are a recent addition to the scorpionate family.
Furthermore, pyridyl ring substituted analogs are also rare. The synthesis of a bis(pyridyl)borate
featuring trifluoromethyl substituted pyridyl donor arms and its utility in isocyanide and carbonyl
chemistry of copper(l) and silver(l) have been described together with related molecules
supported by a fluorinated tris(pyridyl)borate, and a comparison to the better-known
poly(pyrazolyl)borate relatives. X-ray crystal structures of copper and silver complexes show that
the B-arylated, bis- and tris(pyridyl)borate ligands use only two pyridyl moieties for metal ion
coordination. Flanking B-aryl groups close to metal sites are also a common feature in copper
and silver complexes supported by [Ph;B(6-(CF3)Py)2]- and [t-BuCsH4B(6-(CF3)Py)s]~. The CN
stretching frequencies of the t-BuNC complexes of Cu(l) and Ag(l) are notably higher than that of
the free t-BuNC. The CO stretch of the analogous fluorinated poly(pyridyl)borate ligand
supported metal carbonyls lie closer to that of the free CO, indicating the presence of fairly Lewis
acidic metal sites. Metal bound carbonyl stretching frequencies of comparable species suggest
that the poly(pyridyl)borates are slightly better donors relative to the related

poly(pyrazolyl)borates.



Introduction:

Fluorine is the most electronegative element in the periodic table, and in association with
carbon, forms some of the most robust, chemically inert single bonds (e.g., BDE of C-F and
C-H bonds of CF4 and CH4 are 546.8 and 439.3 kJ/mol, respectively).! As a result, metal
complexes of fluorinated ligands in comparison to their non-fluorinated, hydrocarbon
counterparts, usually display different properties such as relatively high thermal and
oxidative stability, volatility, and unique reactivity profiles.?® They are also ideal for
applications in fluorous-biphase media and supercritical C0.”"° Fluorinated
poly(pyrazolyl)borates (which belong to a family known as scorpionates)!®!! such as
[HB(3,5-(CF3)2Pz)3]~ (1, Figure 1) and [H2B(3,5-(CF3):Pz):]- (2) are a particularly useful
group of ligands as they have facilitated the stabilization of rare species such silver(l)-
acetylene,? copper(l) and silver(l)-organo azide,*® and silver(l)-dimethyl diazomalonate!*
complexes and to probe their chemistry under readily accessible conditions. They are also
valuable in applications involving catalysis including those in super-critical CO3,%°-%!
ethylene sensing,?? to olefin-paraffin separations.?3 For example, fluorinated
tris(pyrazolyl)borates have been useful in supporting catalytically active and fairly reactive
copper complexes, without the ligand itself getting destroyed.' 2* The silver complex
[HB(3,5-(CF3)2Pz)3]Ag is an effective mediator for the functionalization of inert C-Cl bonds
of halocarbons as well as C-H bonds of saturated hydrocarbons via catalytic carbene
insertion chemistry.'6 192526 The bis(pyrazolyl)borate [H2B(3,5-(CF3)2Pz)2]Cu serves as an
excellent non-porous material for the separation of ethylene from an ethylene/ethane

mixture.?3
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Figure 1. Structures of a tris(pyrazolyl)borate [HB(3,5-(CF3)2Pz)s]~ (1), bis(pyrazolyl)borate
[H2B(3,5-(CF3)2Pz)2]~ (2), tris(2-pyridyl)borate [t-BuCsH4B(6-(CF3)Py)s]~ (3) and the new bis(2-
pyridyl)borate [Ph2B(6-(CF3)Py)2]~ (4)

Considering the importance of fluorinated ligands and the successes with fluorinated
poly(pyrazolyl)borates,'> 27-2° we embarked on a project to develop the fluorinated versions of
poly(pyridyl)borates. Recently we reported the assembly of first such ligand, a fluorinated tris(2-
pyridyl)borate [t-BuCeH4B(6-(CF3)Py)s]~ (3, Figure 1), and demonstrated its utility in coinage metal
ethylene chemistry.3® In contrast to the pyrazole based poly(pyrazolyl)borates,'%1! the pyridine
based poly(pyridyl)borates are a recent addition to the scorpionate family.3132 The paucity of
ligand variations apart from those based on the parent 2-pyridylborate is also noteworthy.
Nevertheless, poly(2-pyridyl)borates are finding increasing utility as metal ion chelators,3'* as
they bring different donor properties (pyridyl vs. pyrazolyl), backbone stabilities (attributable to

less polar B-C linkages vs. B-N), and steric profiles (due to the involvement of six-membered



pyridyl donor arms instead of the five-membered pyrazolyl moieties) relative to the pyrazolyl
counterparts.*°

In this paper, we describe the synthesis of a fluorinated bis(2-pyridyl)borate, [Ph,B(6-
(CF3)Py)2]~ (4) and its effectiveness in copper and silver carbonyl and isocyanide chemistry. The
related molecules supported by the tris(2-pyridyl)borate 3 as well as a copper(l) carbonyl
complex of a fluorinated tris(1-pyrazolyl)borate are also presented. The carbonyl and isocyanide
complexes were chosen for this study not only because of their importance® 446 but also since
their CO and CN stretch could serve as a gauge of ligand electronic effects on the metal sites.>’

It is noteworthy that isolable silver carbonyl complexes are also quite rare.1% 1> 5867

Results and discussion.

The fluorinated bis(2-pyridyl)borate ligand [Ph;B(6-(CF3)Py)2]~ (4) was synthesized by
treating Ph2BBr with the corresponding 2-pyridylmagnesium chloride (which was obtained from
i-PrMgCl and 2-bromo-6-(trifluoromethyl)pyridine)® in THF. The protonated form of 4, [Ph,B(6-
(CF3)Py)2]H (5) was isolated as a white solid and characterized completely using NMR
spectroscopy and elemental analysis. There are few bis(2-pyridyl)borate ligands such as
[Me2B(Py)2]~,3! [Ph2B(Py)2]~,%? and [cyclooctane-1,5-diyIB(Py)2]-,*® known, but they all feature the
parent 2-pyridyl donor arms. There are also no reports to our knowledge of bis(2-pyridyl)borate
ligands such as 4 bearing substituents at the pyridyl ring 6-position, which due to their proximity
to the coordinated metal atom, should provide better protection to a metal site, relative to 6-

unsubstitued bis(2-pyridyl)borate chelators such as [Ph;B(Py).]". Furthermore, based on the



chemistry observed with pyrazolyl ring substituted bis(pyrazolyl)borates (e.g., 2),18 202123, 29 e

expect ligands of the type 4 with substituents at the pyridyl ring 6-position to be quite useful.
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Scheme 1. Synthesis of t-BuNC complexes [Ph;B(6-(CF3)Py)2]Cu(CNBut) (6) and [Ph;B(6-

(CF3)Py)2]Ag(CNBuUY) (7) supported by the bis(2-pyridyl)borate [Ph,B(6-(CF3)Py)s] (4)

In order to evaluate the coordination prowess and features of [Ph,B(6-(CF3)Py).]” (4), we
first set out to prepare its copper(l) and silver(l) complexes of t-BuNC. The copper(l) complex
[Ph2B(6-(CF3)Py)2]Cu(CNBuU!) (6) was obtained by an arene elimination reaction between [Ph,B(6-
(CF3)Py)2]H (5) and mesityl copper in the presence of t-BuNC (Scheme 1). The silver(l) analog
[Ph2B(6-(CF3)Py)2]Ag(CNBuUt) (7) was synthesized using K[Ph,B(6-(CF3)Py).] (prepared from KH and
[Ph;B(6-(CF3)Py)2]H), CF3SOsAg and t-BuNC. Compounds 6 and 7 are obtained as colorless, air
stable crystals from their hexane solutions at -20°C. Spectroscopic data suggest the formation of
the expected products. For example, the CN stretch of the metal bound t-BuNC group of these

molecules was observed at 2180 and 2200 cm™?, respectively, in their IR spectra which is different



from, and appears at a much higher value relative to, the O(CN) of free t-BuNC at 2138 cm™.
Chemical shifts and peak integration values of 'H NMR data indicated the formation of mono t-
BUuNC complexes. The isocyanide carbon resonance of 6 and 7 was observed at 6 136.33 and
138.90 ppm, respectively in their 13C NMR spectra, and shows an upfield shift from the free t-

BuNC (which is observed at & 153.6 ppm in CDCl3).%8
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Scheme 2. Synthesis of t-BuNC complexes [t-BuCsH4B(6-(CF3)Py)3]Cu(CNBu') (8) and [t-
BuCesH4B(6-(CF3)Py)3]Ag(CNBut) (9) supported by the tris(2-pyridyl)borate, [t-BuCeHaB(6-

(CF3)Py)s]~

We have also synthesized the related metal complexes supported by the tripodal ligand
relative [t-BuCeH4B(6-(CF3)Py)s3]~ (3) for comparisons. The copper(l) and silver(l) complexes, [t-
BuCeH4B(6-(CF3)Py)3]Cu(CNBut) (8) and [t-BuCeH4B(6-(CF3)Py)3]Ag(CNBuU') (9) were prepared

following analogous methods used for 6 and 7, but using the tris(pyridyl)borate precursor [t-



BuCsH4B(6-(CF3)Py)s]H (10)3° instead of [Ph,B(6-(CF3)Py)2]H (5) (Scheme 2). Compounds 8 and 9
are colorless solids and display strong bands at 2168 and 2198 cm™ in their IR spectra for the CN

stretch of t-BuNC group.

Figure 2. Molecular structure of [Ph;B(6-(CF3)Py)2]JCu(CNBut) (6) (Top-left), [Ph2B(6-
(CF3)Py)2]Ag(CNBUY) (7) (Top-right), [t-BuCeHaB(6-(CF3)Py)3]Cu(CNBut) (8) (Bottom-left) and [t-
BuCsH4B(6-(CF3)Py)3]Ag(CNBuUY) (9) (Bottom-right). Selected bond distances (A) and angles (°) are
given in Table 1.

X-ray crystal structures of 6-9 are illustrated in Figure 2. Selected bond distances and

angles are given in Table 1. The bis(pyridyl)borate ligand in [Ph;B(6-(CF3)Py)2]Cu(CNBu') (6) and



[Ph2B(6-(CF3)Py)2]Ag(CNBuU') (7), as expected uses both pyridyl donor-arms to chelate the metal
site. In addition, one of the phenyl groups on boron sits above the metal site with somewhat
close Meee(C(B) separation (M = Cu and Ag) between the M and flanking phenyl group at
2.5314(12) and 2.560(2) A. Although these distances are within Bondi’s van der Waals contact
separation of the CueeeC and AgeeeC pairs (3.10 and 3.42 A, respectively),® they are much longer
than the typical Cu-C(sp?) and Ag-C(sp?) covalent distances (2.05 and 2.18 A).7° The metal sites
are trigonal planar or nearly planar as evident from the sum of angles at copper (359.9°) and

silver (355.1°) in 6 and 7 (Table 1).

Table 1. Selected bond distances (A), angles (°) of [Ph2B(6-(CFs)Py),]JM(CNBut) and [t-
BuCeHaB(6-(CF3)Py)3]M(CNBuU?t) (M = Cu, Ag). The MeeeC(B) is the ipso-carbon separation
between the M and flanking phenyl group (value given in italics). > at M represents the
sum of angles at M involving two nitrogen atoms bonded to M and the carbon of t-BuNC.

Molecule/ [Ph2B(6- [Ph,B(6- [t-BuCsH4B(6- [t-BuCsH4B(6-
Parameter (CF3)Py)2]Cu (CF3)Py)2]Ag (CF3)Py)s3]Cu (CF3)Py)s3]Ag
(CNBuY) (CNBuY) (CNBuY) (CNBuY)
(6) (7) (8) (9)
C-NBut 1.1537(17) 1.145(4) 1.1610(12) 1.147(2)
M-CNBu* 1.8471(13) 2.085(3) 1.8598(9) 2.0781(15)
M-N 2.0243(10), 2.3741(16), 2.0495(7), 2.4083(12),
2.0482(10) 2.3741(16) 2.1175(7) 2.3033(12)
MeeC(B) 2.5314(12) 2.560(2) 2.4174(8) 2.5661(13)
M-C-NBut 172.81(12) 179.6(3) 172.30(9) 171.32(14)
N-M-N 93.34(4) 82.11(7) 89.63(3) 81.41(4)
SatM 359.9 355.1 354.8 354.9

Interestingly, the tris(pyridyl)borate complexes 8 and 9 also feature essentially trigonal

planar metal sites, with the scorpionate binding to the metal centers using only two pyridyl arms.
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The B-aryl group, instead of the third pyridyl moiety sits above the metal sites. We have seen

the same xk%mode of coordination in [t-BuCgHaB(6-(CF3)Py)3]Cu(C2Ha) and [t-BuCsH4B(6-

(CF3)Py)3]Ag(C2Ha),3° but they have side-on bonded ethylene ligands, unlike the end-on bonded

t-BuNC. The M-N and M-CNButbond distances are relatively longer in the silver complexes than

the related distances of the copper, as expected considering the larger covalent radius of the

former.”®

Table 2. Selected, structurally characterized Cu(l)-CNBu' and Ag(I)-CNBu' complexes of

poly(pyridyl)borates and poly(pyrazolyl)borates and some of their structural and spectroscopic
parameters. The U(CN) of free t-BuNC = 2138 cm'™.

Complex O(CN)/cm? | M-C/A Ref.
[Ph2B(6-(CF3)Py)2]Cu(CNBuU?) (6) 2180 1.8471(13) | Thiswork
[t-BuCgH4B(6-(CF3)Py)3]Cu(CNBuU') (8) 2168 1.8598(9) | Thiswork
[HB(3,5-(CF3)2Pz)3]Cu(CNBuUY) 2196 1.827(6) "
[H2B(3-(NO2)Pz)2]Cu(CNBuY); 2166, 1.926(2) "
2190sh 1.903(2)
[H2B(3-(CF3)Pz)2]Cu(CNBuUY), 2161, 1.914(2) "
2182sh 1.9308(19)
{[H2B(3,5-(CF3)2Pz)2]Cu(CNBuY)}» 2196 1.855(3) "
[Ph2B(6-(CF3)Py)2]Ag(CNBuU?) (7) 2200 2.085(3) This work
[t-BuCgH4B(6-(CF3)Py)3]Ag(CNBuU?) (9) 2198 2.0781(15) | This work
[HB(3,5-(CF3).Pz)3]Ag(CNBuU!) 2214 2.059(4) *
[HB(3,5-(CHs)2Pz)3]Ag(CNBuU!) 2178 2.05(1) "
[HB(3,5-(Ph)2Pz)3]Ag(CNBuUY) 2185 2.08(1) "

The 'H NMR of [t-BuCeH4B(6-(CF3)Py)3]M(CNBuU!) (M = Cu , Ag) complexes show an

averaged set of signals in solution at room temperature for the coordinated and free N-donor

arms with some broadening of the pyridyl proton signals, which could be due to fast x*- to x°-

10
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interconversion on the NMR time scale. Interestingly, the °F NMR spectrum of [t-BuCeH4B(6-
(CF3)Py)3]Cu(CNBu') shows partially resolved peaks for CFs-groups of the two different pyridyl
arms, whereas a single '°F peak is observed for [t-BuCgH4B(6-(CF3)Py)3]Ag(CNBut) suggesting this
fluxional process is relatively slower in the former adduct.

Literature reports on poly(pyridyl)borato copper and silver complexes of any type are very
limited,3% 7>78 and none of those feature isocyanide donors. There are however, several
structurally characterized bis- and tris(pyrazolyl)borato copper and silver complexes of t-BuNC
available for comparisons.' °® 7174 |nterestingly, they are all 4-coordinate metal complexes (in
contrast, 6-9 are basically three coordinate metal species).” As evident from the data presented
in Table 2, M-CNBu' distances of the poly(pyridyl)borate and poly(pyrazolyl)borate mono-
isocyanide complexes do not vary much for a given metal (Cu or Ag) despite the differences in
coordination number. Furthermore, at least based on the limited data available, the scorpionate
ligand donor properties have no significant effect on the Ag-CNBut distance. The CN stretching
frequency however is somewhat higher for the molecules supported by weakly donating
fluorinated scorpionates, which is a result of the increased Lewis acidity at the metal (e.g., 2178
and 2198 cm? for [HB(3,5-(CHs)2Pz)3;]Ag(CNBut) and [t-BuCsH4B(6-(CF3)Py)s]Ag(CNBuUY),
respectively). Also an analysis of U(CN) data of 6-9 indicates that the copper analogs 6 and 8
have relatively lower CN stretching frequencies compared to the related silver adducts 7 and 9.
This could be a result of better backbonding prowess of the copper ion in comparison to the
larger relative silver(l).>” Nevertheless, they all display CN stretching frequencies clearly higher

than that of the free t-BuNC (2138 cm™?).

11
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Scheme 3. Synthesis of copper(l) carbonyl complex [Ph2B(6-(CF3)Py)2]Cu(CO) (11) supported by

the bis(2-pyridyl)borate [Ph,B(6-(CF3)Py)s]~

Copper and silver carbonyl chemistry supported by the newly constructed [Ph;B(6-
(CF3)Py)2]” and the related tripodal analog, [t-BuCsH4B(6-(CF3)Py)3]~ were also investigated in this
work. Such metal-carbon monoxide complexes are of interest due to their importance ranging
from fundamental aspects, catalysis to biochemistry.'>>* Copper carbonyl complexes are more
common although thermally stable species are somewhat challenging to isolate.181% 27,8031 |
contrast, well-characterized silver carbonyl complexes are relatively rare.'> 667 However,

scorpionates are particularly useful for the stabilization of molecules with Ag(l)-CO moiety.'> 1>

58-65, 92

The copper(l) carbonyl complex [Ph2B(6-(CF3)Py)2]Cu(CO) (11) was synthesized by treating
[Ph2B(6-(CF3)Py)2]H (5) with mesityl copper in the presence of carbon monoxide (Scheme 3). The
synthesis of the silver(l) analog [Ph2B(6-(CF3)Py).]Ag(CO) (12) was attempted using K[Ph;B(6-
(CF3)Py)2], CF3SOsAg and CO, but the resulting product (which shows a strong IR band at 2164 cm”
1) could not be characterized satisfactorily thus far due to facile CO loss. The copper complex 11

is a colorless solid and does not lose bound CO easily under reduced pressure. The IR spectrum

12



13

of the crystalline material shows strong bands corresponding to the CO stretch at 2110 and 2100
cm™ for 11. The same two bands were observed in Nujol but at a different intensity ratio. The
presence of two bands could be a result of having two slightly different environments for Cu-CO
(as noted below, there are three crystallographically different molecules of 11 in the asymmetric
unit). *H and 3C NMR of [Ph,B(6-(CF3)Py)2]Cu(CO) at room temperature show one set of well
resolved pyridyl proton signals and carbons and a singlet in °F NMR peaks indicating the

presence of equivalent pyridyl donor arms.
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Scheme 4. Synthesis of copper(l) and silver(l) carbon monoxide complexes [t-BuCeH4B(6-
(CF3)Py)3]Cu(CO) (13) and [t-BuCeH4B(6-(CF3)Py)3]Ag(CO) (14) supported by the tris(2-
pyridyl)borate, [t-BuCsH4B(6-(CF3)Py)3]~

The tris(pyridyl)borate versions of copper(l) and silver(l]) complexes, [t-BuCsH4B(6-
(CF3)Py)3]Cu(CO) (13) and [t-BuCsH4B(6-(CF3)Py)3]Ag(CO) (14) were prepared following analogous
methods utilized for the 8 and 9, but using CO (~ 1 atm) instead of t-BuNC (Scheme 4). These

compounds are obtained as colorless crystalline solids from their hexane solutions saturated with

13
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carbon monoxide at -20 °C. The Cu-CO interaction in [t-BuCsH4B(6-(CF3)Py)3]Cu(CO) (13) appears
to be fairly strong, which is evidenced from the stability towards CO loss under reduced pressure,
whereas [t-BuCeH4B(6-(CF3)Py)3]Ag(CO) (14) loses its CO under reduced pressure quite easily.
They display typically strong bands in their IR spectra at 2103 and 2144 cm™ for the CO stretch.
Note that the ©(CO) of 14 is essentially the same as that of the free CO, which is quite rare as the
vast majority of silver-CO complexes have much higher CO frequencies.

The copper(l) complex [t-BuCsH4B(6-(CF3)Py)3]Cu(CO) (13) shows two different sets
of signals for bound and free pyridyl arms in its 'H, 3C and °F NMR spectra, at room
temperature, indicating the k?>-mode of coordination of the scorpionate. The NMR data
[t-BuCeH4B(6-(CF3)Py)3]Ag(CO) (14) were collected in the presence of excess CO in CDCl3
to minimize the by-product formation due to CO loss. The 'H NMR spectrum shows
averaged and broadened signals for the pyridyl arms at room temperature. The silver
bounds carbon monoxide '3C resonance was observed at 6 176.4 ppm, which is in good

agreement with the literature reports.>®

14
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Figure 3.  Molecular structure of [Ph;B(6-(CF3)Py),]Cu(CO) (11) (Top), [t-BuCeH4B(6-
(CF3)Py)s]Cu(CO) (13) (Bottom-left) and [t-BuCsHaB(6-(CF3)Py)3]Ag(CO) (14) (Bottom-right).
Selected bond distances (A) and angles (°) are given in Table 3.

Compounds 11, 13 and 14 produced quality crystals suitable for X-ray crystallography.
The [Ph2B(6-(CF3)Py)2]JCu(CO) (11) crystallizes with three chemically similar but
crystallographically different molecules in the asymmetric unit. The molecular structures of 11,

13 and 14 are illustrated in Figure 3. Selected bond distances and angles are given in Table 3. All

15
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three complexes feature essentially trigonal planar metal sites (e.g., sum of the angles at M
involving two nitrogen atoms and carbonyl carbon deviate only very little from the ideal 360°),
and k?-bound poly(pyrazolyl)borates. They have flanking B-aryl groups in close proximity to
metal sites, but the closest MeeeC(aryl) distances are much longer than the typical Cu-C(sp?) and
Ag-C(sp?) covalent distances (2.05 and 2.18 A).79 The CueeeC(B) separation in 11 and 13 is much
shorter than those found in the related isocyanide complexes. This could be a result of having a
smaller ligand CO (instead of t-BuNC) on copper in 11 and 13 and reduced steric interactions with
the flanking aryl groups. The difference in AgeeeC(B) distance in 14 and 9 is much smaller. Most
other features, however, are similar between the analogous metal fragments with CO and t-BuNC
donors (see Tables 1 and 3).

Table 3. Selected bond distances (A), angles (°), and IR spectroscopic data (carbonyl
stretch in cm™) of [Ph2B(6-(CF3)Py)2]M(CO) and [t-BuCgH4B(6-(CF3)Py)3]M(CO) (M = Cu,
Ag). The Meee(C(B) is the ipso-carbon separation between the M and flanking phenyl

group (value given in italics). > at M represents the sum of angles at M involving two
nitrogen atoms bonded to M and the carbon of CO.

Molecule/Parameter | [Ph2B(6- [t-BuCeH4B(6- [t-BuCsH4B(6-
(CF3)Py)2]Cu(CO)* | (CF3)Py)s]Cu(CO) | (CF3)Py)3]Ag(CO)
(11) (13) (14)

c-0 1.115(3) 1.115(5) 1.099(4)

M-C 1.822(3) 1.807(4) 2.038(3)

M-N 2.038(2), 2.046(3) 2.3085(17),
2.036(2) 2.043(3) 2.2977(16)

M eeC(B) 2.374(2) 2.354(3) 2.5251(17)

M-C-O 176.9(3) 175.5(4) 173.4(3)

N-M-N 93.14(8) 92.50(10) 84.69(6)

SatM 356.8 357.0 357.6

B(CO) 2110, 2100 2103 2144

2Data from only one of the three chemically similar molecules in the asymmetric unit are listed
here. Complete details are in the ESI section.

16
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Scheme 5. Synthesis of [PhB(3-(CF3)Pz)3]Cu(CO) (15) supported by a tris(pyrazolyl)borate

The tris(1-pyrazolyl)borate [PhB(3-(CF3)Pz)3]” may be considered as a close relative of the
“fluoroalkyl-lined” tris(2-pyridyl)borate ligand [t-BuCsH4B(6-(CF3)Py)s]~ (3).°394 Thus, to further
compare those two ligand families, we prepared the copper(l) carbonyl complex of the former.
The [PhB(3-(CF3)Pz)3]Cu(CO) (15) was obtained from a reaction between Li[PhB(3-(CF3)Pz)s3] and
CuCl and CO (1 atm) (Scheme 5). This molecule displays its CO stretch in the IR spectrum at 2112
cm™.  The crystal structure of 15 is illustrated in Figure 4. It is a tetrahedral copper complex.

Interestingly, the tris(pyrazolyl)borate in 15 acts as a typical tripodal x°-ligand which uses all three

pyrazolyl donor arms (in contrast to 13, which uses only two N-donors).

17



18

Figure 4. Molecular structure of [PhB(3-(CF3)Pz)3]Cu(CO) (15). Selected bond distances (&) and
angles (°): Cu-N2 2.0742(18), Cu-N4 2.0248(18), Cu-N6 2.0563(18), Cu-C19 1.804(2), O-C19
1.126(3), N4-Cu-N2 90.02(7), N4-Cu-N6 88.39(7), N6-Cu-N2 90.82(7), 0-C19-Cu 176.0(2)

Table 4. Selected, structurally characterized Cu(l)-CO and Ag(l)-CO complexes of
poly(pyridyl)borates and poly(pyrazolyl)borates and some of their structural and spectroscopic
parameters. The 0(CO) of free CO = 2143 cm™. Data for the second and third molecule in the
asymmetric unit in jtalics.

Complex 0(CO)/cm? M-C/A Ref.
[Ph,B(6-(CF3)Py),]Cu(CO) (11) 2110, 2101 1.822(3) This work

1.813(3)

1.816(3)
[t-BuCsH4B(6-(CF3)Py)3]Cu(CO) (13) 2103 1.808(5) This work
[Ph2B(3-(CF3)Pz)2]Cu(CO) 2117 1.8028(16) *
[Ph2B(3-(SFs)Pz)2]Cu(CO) 2121 1.803(2) *

1.807(2)
[PhB(3-(CF3)Pz)3]Cu(CO) (15) 2112 1.804(2) This work
[HB(3-(CF3)Pz)3]Cu(CO) 2100 1.790(4) ”
[HB(3,5-(CF3)2Pz)3]Cu(CO) 2137 1.808(4) ”
[HB(3,5-(CHs)2Pz)3]Cu(CO) 2060 1.785(4)
[HB(3,5-(i-Pr)2Pz)3]Cu(CO) 2056 1.769(8) ”
[t-BuCsH4B(6-(CF3)Py)3]Ag(CO) (14) 2144 2.038(3) This work
[HB(3,5-(CF3),Pz)3]Ag(CO) 2178 2.037(5) *
[MeB(3-(CzFs)Pz)3]Ag(CO) 2153 2.030(4) ?
[MeB(3-(Mes)Pz)3]Ag(CO) 2125 1.994(3) *

Table 4 provides a list of related scorpionate ligand supported copper and silver carbonyl
complexes and some key parameters. Note that one of the reasons for investigating these Cu-
CO and Ag-CO complexes 11, 13-15 is to probe the scorpionate ligand effects on the metal site
using the CO stretch, and to compare the new poly(pyridyl)borate and better-known
poly(pyrazolyl)borate systems. Computational analysis3® % of molecules such as [Ph2B(3-

(CF3)Pz)2]Cu(CO),  [Ph2B(3-(CH3)Pz)2]Cu(CO),  [HB(3,5-(CF3)2Pz)3]Ag(CO), and  [MeB(3-
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(Mes)Pz)3]Ag(CO) indicate that the LM and CO (L = scorpionate) is mainly electrostatic.
Traditional o-donor/m-acceptor interactions usually explained by the Dewar-Chatt-Duncanson
model are also significant.!0%191 Qverall, the strength of the electrostatic attraction and the
degree of n-backbonding between LM and CO fragments correlate well with the observed 6(CO),
which gets higher with more weakly donating ligand support on a metal. Computational work on
the above systems also shows that the copper complexes display stronger LCu—=>CO =-
backdonation relative to their silver counterparts.

The [Ph2B(6-(CF3)Py)2]Cu(CO) (11) and [Ph2B(3-(CF3)Pz)2]Cu(CO)*8 are closely related and
their 0(CO) suggest that the former has a slightly more electron-rich metal site. Compounds 13
and 15 also provide 0(CO) data to support the contention that the poly(pyridyl)borates are
slightly better donors relative to the related poly(pyrazolyl)borates. Keep in mind however that
the coordination modes are very different in 13 and 15 making this latter comparison less
reliable. The computed proton affinities of [PhB(6-(CF3)Py)s]~ and [PhB(3-(CF3)Pz)3]~ are 1120.0
and 1069.2 kJ/mol, respectively, indicate that the pyridyl-borate analog is a better donor. Among
the reported silver-carbonyl complexes, the [MeB(3-(C2Fs)Pz)3]Ag(CO) is perhaps the closest
relative of [t-BuCsH4B(6-(CF3)Py)3]Ag(CO) (14). Compound 14 has a slightly lower CO stretch
value, suggesting that its metal site is less Lewis acidic, perhaps due to slightly better donor
feature of [t-BuCsHaB(6-(CF3)Py)s]~ ligand. Unfortunately, these silver(l) complexes also feature
different coordination modes (i.e., k3 and «?) of the scorpionate. Overall, more closely related
systems from two scorpionate ligand families are needed for a better comparison of, and to reach

a solid conclusion on, ligand donor features.
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The data presented in Table 4 show that molecules with weakly donating supporting
ligands have slightly longer M-CO distances, but esds associated with the measurement
overshadows the differences when ligand donor properties are similar. The Cu-CO distances are
clearly longer than the Ag-CO bond distances, because the latter involves a metal ion with a larger
covalent radius. The longer distances in Ag-CO bonds could also contribute to the lower Ag—>CO

backbonding, resulting in higher 0(CO) values.

Conclusions

A new, chemically robust, bis(2-pyridyl)borate [Ph,B(6-(CF3)Py):2]- with fluoro-alkyl groups
adjacent to the metal coordination pocket has been synthesized and utilized as a ligand support
for copper(l) and silver(l) ions containing t-BUNC and carbon monoxide donors. Related
molecules involving a tris(2-pyridyl)borate were also investigated. These poly(pyridyl)borate
metal complexes, including those with three pyridyl donor arms, use only two pyridyl moieties
for metal ion coordination, and feature trigonal planar geometry at the metal. The
tris(pyrazolyl)borate [PhB(3-(CF3)Pz)3]Cu(CO) in contrast acts as a k>-donor, generating a
tetrahedral copper site. Flanking B-aryl groups close to metal sites are also a common feature in
copper and silver complexes supported by [Ph2B(6-(CF3)Py)2]- and [t-BuCsHaB(6-(CFs3)Py)s3].
Isolable carbonyl complexes of silver(l) such as [t-BuCsH4B(6-(CF3)Py)3]Ag(CO) stabilized here are
rare among metal carbonyls. The CN stretching frequencies of fluorinated poly(2-pyridyl)borate
supported t-BuNC complexes of Cu(l) and Ag(l) are notably higher than that of the free t-BuNC.
The CO stretch of the analogous metal carbonyls lies closer to that of the free CO, indicating the
presence of fairly Lewis acidic metal sites. The CO stretching frequencies suggest that
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poly(pyridyl)borates are slightly better donors relative to the related poly(pyrazolyl)borates. We
are currently developing additional poly(2-pyridyl)borate chelators involving different

substituents on boron and pyridyl rings, and their chemistry with metal ions.

Experimental:

All preparations and manipulations were carried out under an atmosphere of purified nitrogen
using standard Schlenk techniques or in a MBraun drybox equipped with a -25 °C refrigerator.
Commercially available solvents were purified and dried by standard methods. Glassware was
oven dried overnight at 150 'C. NMR spectra were acquired at 25 'C, on a JEOL Eclipse 500
spectrometer (*H, 500 MHz; 13C, 126 MHz; '°F, 471 MHz). °F NMR values were referenced to
external CFCls. *H and *3C{*H } NMR spectra were referenced internally to solvent signals (CDCls:
7.26 ppm for *H NMR, 77.16 ppm for 3C NMR; DMSO-ds: 2.50 ppm for *H NMR, 39.52 ppm for
13C NMR), or externally to SiMes (0 ppm). 'H NMR chemical shifts are reported in ppm and
coupling constants (J) are reported in Hertz (Hz). Abbreviations used for signal assignments: Ph =
phenyl, Py = pyridyl, Py" = non-coordinated pyridine, s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublets, m = multiplet, brs = broad singlet. NMR solvents were
purchased from Cambridge Isotopes Laboratories and used as received. Carbon monoxide (UHP
grade) gas was purchased from Airgas. Elemental analyses were performed using a Perkin-Elmer
Model 2400 CHN analyzer. Bromodiphenylborane,’? mesityl copper,192193 [t-BuCgH4B(6-
(CF3)Py)s]H (10),3° K[t-BuCsH4B(6-(CF3)Py)3],2° {(6-(CF3)-2-Py)MgCl}.#(THF)3 3 Li[PhB(3-(CF3)Pz)3]%

were prepared according to literature procedures. All other reagents were obtained from
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commercial sources and used as received. Silver complexes were prepared in reaction vessels

protected from light using aluminum foil.

Synthesis of [Ph2B(6-(CF3)Py)2]H (5)

Bromodiphenylborane (2.50 g, 10.21 mmol) in CH,Cl, (25 mL) was added dropwise to a solution
of {(6-(CF3)-2-Py)MgCl},#(THF)3(7.05 g, 14.23 mmol) in CH,Cl> (40 mL) at 0 'C. The resulting dark
red mixture was slowly warmed to room temperature and kept stirring for 48 h. The reaction
mixture was then poured into an aqueous Na;COsz solution (14.0 g in 120 mL H;0) and stirred for
1 h, and then extracted with CH,Cl, (3 x 30 mL). The organic extracts were combined, washed
with brine, dried over Na;S04 and evaporated to dryness. The residue dissolved in CH,Cl; (50 mL),
activated charcoal was added and then filtered through small pad of celite and evaporated to
dryness. The resulting residue was recrystallized from acetone to obtain the desired [Ph;B(6-
(CF3)Py)2]H as white crystalline solid. Yield: 4.20 g (90%). Anal. Calc. C2aH17B1FsN2: C, 62.91; H,
3.74; N, 6.11%. Found: C, 62.04; H, 3.65; N, 5.75. 'H NMR (500 MHz, CDCl3): § = 19.91 (s, 1H, NH),
7.87 (d, J=8.0 Hz, 2H, Py), 7.81 (t, /= 7.8 Hz, 2H, Py), 7.60 (dd, J = 7.5, 1.0 Hz, 2H, Py), 7.27 - 7.15
(m, 10H, Ph). 3C NMR (126 MHz, CDCl3): & = 188.79 (q, Ycs= 51.6 Hz, Py), 154.82 (q, Ycs = 52.8
Hz, Ph), 140.27 (g, Ycr = 37.2 Hz, Py), 137.89 (Py), 135.94 (Py), 134.89 (Ph), 127.53 (Ph), 125.07

(Ph), 121.02 (q, Ycr= 274.7 Hz, CF3), 117.63 (Py). 1°F NMR (471 MHz, CDCls): 6 = -66.83 (s).

Synthesis of [Ph2B(6-(CF3)Py)2]Cu(CNBu') (6)

To a mixture of [Ph,B(6-(CF3)Py)2]H (130 mg, 284 umol) and mesityl copper (57 mg, 312 umol) in
a 50 mL Schlenk flask were added anhydrous toluene (15 mL) and t-BuNC (0.34 mL, 1.1 M in
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toluene, 369 umol) under inert atmosphere and kept stirring for 3 h. The solvent was then
removed reduced pressure, and the compound was recrystallized from hexane at -20 "C to obtain
colorless X-ray quality single crystals of [Ph2B(6-(CF3)Py)2]Cu(CNBuY). Yield: 125 mg (77%). Anal.
Calc. Co9H25B1Cu1FsNs: C, 57.68; H, 4.17; N, 6.96%. Found: C, 57.43; H, 4.07; N, 6.69%. 'H NMR
(500 MHz, CDCl3): 6 =7.99 (d, /= 7.8 Hz, 2H, Py), 7.61 (t, J = 7.8 Hz, 2H, Py), 7.45 (dd, J = 7.7, 1.1
Hz, 2H, Py), 7.24 -7.18 (m, 6H, Ph), 6.97 (brs, 4H, Ph), 1.38 (s, 9H, CHs). 13C NMR (126 MHz, CDCls):
6 =187.19 (q, Yecs=51.6 Hz, Py), 153.78 (q, Ycs = 49.2 Hz, Ph), 145.54 (q, Ycr = 33.6 Hz, Py),
137.13 (Ph), 136.33 (CN), 134.95 (Py), 133.02 (Py), 127.07 (Ph), 124.85 (Ph), 122.03 (q, Ycr=273.5
Hz, CF3), 116.80 (Py), 55.48 (C-CH3), 30.45 (CH3). F NMR (471 MHz, CDCls): & = -66.82. ATR-IR

(single crystals, selected peaks, cm™): 2178 (CN stretch).

Synthesis of K[Ph2B(6-(CF3)Py)2]

To a suspension of KH (0.26 g, 6.55 mmol) in anhydrous THF (25 mL) at 0 °C was slowly added a
solution of [Ph2B(6-(CF3)Py)2]H (2.00 g, 4.36 mmol) in THF (25 mL). After complete ceasing of
hydrogen gas evolution, the reaction mixture was allowed to warm to room temperature and
then kept stirring for 12 h. The solution was filtered through a celite packed frit to remove
unreacted KH. The solvent in the filtrate collected was removed under reduced pressure to obtain
K[Ph2B(6-(CF3)Py)2] as a white solid. The compound was further dried at 90 °C for 6 h under
reduced pressure to remove all trace solvent. Yield: 2.00 (92%). This was used directly in the next
steps. *H NMR (500 MHz, DMSO-de): & = 7.46 (t, J = 7.7 Hz, 2H, Py), 7.40 (d, J = 7.8 Hz, 2H, Py),
7.28 (d, J = 7.4 Hz, 2H, Py), 7.24 (brs, 4H, Ph), 6.96 (t, J = 7.4 Hz, 4H, Ph), 6.86 (t, J = 7.2 Hz, 2H,

Ph). 13C NMR (126 MHz, MHz, DMSO-de): & = 189.52 (q, Ycs = 53.9 Hz, Py), 161.10 (q, Ycs = 50.4
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Hz, Ph), 140.39 (q, Ycr = 28.8 Hz, Py), 135.43 (Py/Ph), 132.58 (Py/Ph), 125.56 (Py/Ph), 122.26
(Py/Ph), 122.85 (q, Ycr= 274.7 Hz, CF3), 113.84 (Py/Ph). °F NMR (471 MHz, DMSO-de): 6 = - 66.12.

Synthesis of [Ph2B(6-(CF3)Py)2]Ag(CNBut) (7)

To a mixture of of K[Ph;B(6-(CF3)Py)2] (130 mg, 209 umol) and AgOTf (56 mg, 219 umol) in a 50
mL Schlenk flask, covered with aluminum foil were added anhydrous dichloromethane (20 mL)
and t-BuNC (0.38 mL, 1.0 M in toluene, 418 umol) under inert atmosphere, kept stirring for 3 h.
The reaction mixture was then cannula filtered through a celite packed frit to remove KOTf. The
solvent was then removed reduced pressure and the compound was recrystallized from hexane
at-20 'C to obtain colorless X-ray quality single crystals of [Ph2B(6-(CF3)Py)2]Ag(CNBuU!). Yield: 140
mg (86%). Anal. Calc. Ca9H25Ag1B1FsN3: C, 53.74; H, 3.89; N, 6.48%. Found: C, 53.18; H, 3.80; N,
6.29%. 'H NMR (500 MHz, CDCls): 6 = 8.05 (d, J = 7.9 Hz, 2H, Py), 7.56 (t, J = 7.8 Hz, 2H, Py), 7.39
(dd, J=7.7, 1.1 Hz, 2H, Py), 7.25 - 7.22 (m, 4H, Ph), 7.18 — 7.04 (m, 6H, Ph), 1.47 (s, 9H, CHs). 13C
NMR (126 MHz, CDCl3): 6 = 187.70 (q, YJc.s= 49.2 Hz, Py), 154.65 (q, YJc.s= 50.4 Hz, Ph), 146.17 (q,
2Jer = 32.4 Hz, Py), 138.90 (CN), 136.28 (Ph), 134.84 (Py), 133.26 (Py), 127.18 (Ph), 124.45 (Ph),
122.15(q, Yer=274.7 Hz, CF3), 116.06 (Py), 56.65 (C-CHs), 30.28 (CH3). 1F NMR (471 MHz, CDCl3):

8 =-67.65. ATR-IR (single crystals, selected peaks, cm™): 2200 (CN stretch).

Synthesis of [t-BuCgH4B(6-(CF3)Py)3]Cu(CNBut) (8)

To a mixture of [t-BuCsH4B{2-(6-(CF3)Py)}s]H (0.13 g, 223 umol) and mesityl copper (45 mg, 245
pumol) in a 50 ml Schlenk flask were added anhydrous toluene (15 mL) and t-BuNC (0.67 mL, 1.0

M in toluene, 670 umol) under inert atmosphere and kept stirring for 3 h. The solvent was then
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removed reduced pressure, and the compound was recrystallized from hexane at -20 "C to obtain
colorless X-ray quality single crystals of [t-BuCsH4B(6-(CF3)Py)3]Cu(CNBu?). Yield: 125 mg (77%).
Anal. Calc. Ca3H31B1 CuiFoN4: C, 54.37%; H, 4.29%; N, 7.69%. Found: C, 53.91%; H, 4.38%; N, 7.33%.
1H NMR (500 MHz, CDCls): 6 = 8.00 (brs, 3H, Py), 7.57 (t, J = 7.3 Hz, 3H, Py), 7.42 (dd, /= 7.8, 1.0
Hz, 3H, Py), 7.24 (d, J = 8.1 Hz, 2H, Ph), 6.80 (s, 2H, Ph), 1.40 (s, 9H, CH3UN¢) 1,35 (s, 9H, CH5uPh),
13C NMR (126 MHz, CDCls): & = 185.30 (brs, Pycs), 148.72 (Ph), 145.78 (brs, CCFs), 137.37 (Ph),
135.15 (Py), 132.71 (Py), 122.28 (q, Ycr = 274.7 Hz, CF3), 124.23 (Ph), 116.52 (Py), 55.65 (C-
CH3fBUNC) | 34 48 (C-CH5®uPh), 31.78 (CH5™®UP"), 30.43 (CH5®NO), Phcg not observed, Cu-CN not
observed. °F NMR NMR (471 MHz, CDCl3): & = -66.71 (br), -67.77 (br). ATR-IR (single crystals,

selected peaks, cm™): 2168 (CN stretch).

Synthesis of [t-BuCsH4B(6-(CF3)Py)3]Ag(CNBut) (9)

To a mixture of of K[t-BuCeH4B(6-(CF3)Py)3] (130 mg, 209 umol) and AgOTf (56 mg, 219 umol) in
a 50 ml Schlenk flask, covered with aluminum foil were added anhydrous dichloromethane (20
mL) and t-BuNC (0.63 mL, 1.0 M in toluene, 630 umol) under inert atmosphere, kept stirring for
3 h. The reaction mixture was then cannula filtered through a celite packed frit to remove KOT{.
The solvent was then removed reduced pressure and the compound was recrystallized from
hexane at -20 'C to obtain colorless X-ray quality single crystals of [t-BuCeH4B(6-
(CF3)Py)s]Ag(CNBUY). Yield: 135 mg (83%). Anal. Calc. CasHa1 AgiBiFoNa: C, 51.26%; H, 4.04%; N,
7.25%. Found: C, 50.90%; H, 3.99%; N, 6.89%. *H NMR (500 MHz, CDCls): & = 7.76 (brs, 3H, Py),
7.52 (t,J = 7.8 Hz, 3H, Py), 7.37 (dd, J = 7.7, 1.1 Hz, 3H, Py), 7.28 (d, J = 8.2 Hz, 2H, Ph), 6.91 (brs,
2H, Ph), 1.46 (s, 9H, CH3™UNC), 1,33 (s, 9H, CH3®uPh), 13C NMR (126 MHz, CDCls): & = 184.93 (q, Yc

5= 57.6 Hz, Py), 147.93 (Ph), 147.42 (q, Ycs = 40.8 Hz, Ph), 145.94 (q, Ycr = 28.8 Hz, Py), 139.87
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(CN), 136.30 (Ph), 134.93 (Py), 132.88 (Py), 124.52 (Ph), 122.40 (q, Ycr= 273.5 Hz, CF3), 115.90
(Py), 56.67 (C-CH3!BNC) ) 34.45 (C-CH5!®“Ph), 31.64 (CH5'B"P"),, 30.30 (CH5®“NC). 19F NMR (471 MHz,

CDCl3): 6 = -67.29. ATR-IR (single crystals, selected peaks, cm™): 2198 (CN stretch).

Synthesis of [Ph,B(6-(CF3)Py)2]Cu(CO) (11)

To a mixture of [Ph,B(6-(CF3)Py)2]H (130 mg, 284 pumol) and mesityl copper (57 mg, 312 umol)
was added anhydrous toluene and then bubbled with carbon monoxide. The reaction mixture
was kept stirring for 3 h and then solvent was removed reduced pressure. The resulted compound
was dissolved in carbon monoxide saturated hexane and kept at -20 °C freezer overnight to get
X-ray quality colorless crystals of [Ph,B(6-(CF3)Py)2]Cu(CO). Yield: 105 mg (67%). Anal. Calc.
C25H16B1Cu1FeN201: C, 54.72; H, 2.94; N, 5.10%. Found: C, 54.13; H, 2.84; N, 4.79%. *H NMR (500
MHz, CDClz): 6 = 8.10 (d, J = 7.8 Hz, 2H, Py), 7.69 (t, J = 7.8 Hz, 2H, Py), 7.51 (dd, J = 7.7, 1.3 Hz,
2H, Py), 7.27 (br, 8H, Ph), 6.80 (brs, 2H, Ph). 3C NMR (126 MHz, CDCls): 6 = 186.94 (q, YJcs=49.2
Hz, Py), 170.36 (CO), 152.54 (br, Phc.s), 145.58 (q, Zcr = 33.6 Hz, Py), 138.85 (Ph), 136.01 (Py),
133.15 (Py), 127.59 (Ph), 126.69 (Ph), 122.80 (q, YJc.r= 274.7 Hz, CF3), 117.27 (Py). *°F NMR (471
MHz, CDCl3): 6§ =-67.19 (s). ATR-IR (single crystals, selected peaks, cm™): 2110 (C=0 stretch), 2100

(C=0 stretch); samples in Nujol: 2111 (C=0 stretch), 2101 (C=0 stretch).

Synthesis of [t-BuCsH4B(6-(CF3)Py)3]Cu(CO) (13)

To a mixture of [t-BuCsHaB{2-(6-(CF3)Py)}3]H (100 mg, 171 umol) and mesityl copper (35 mg, 282
umol) was added anhydrous toluene and then bubbled with carbon monoxide. The reaction
mixture was kept stirring for 3 h and then solvent was removed reduced pressure. The resulted

compound was dissolved in carbon monoxide saturated hexane and kept at -20 °C freezer
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overnight to get X-ray quality colorless crystals of [t-BuCsHaB{2-(6-(CF3)Py)}3]Cu(CO). Yield: 90
mg (78%). Anal. Calc. CgH22B1 Cu1FgN30O1: C, 51.69%; H, 3.29%; N, 6.24%. Found: C, 51.56%; H,
3.24%; N, 6.07%. H NMR (500 MHz, CDCl3): 6 = 8.15 (d, J = 7.8 Hz, 2H, Py), 7.68 (t, J = 7.8 Hz, 2H,
Py), 7.55 (t, J = 7.7 Hz, 1H, Py"), 7.47 (two overlapped doublets, 2H, Py; 1H, Py"), 7.34 (d, / = 8.0
Hz, 2H, Py), 6.86 (brs, 3H, Py; 1H Py"), 1.34 (s, 9H, CHs). 13C NMR (126 MHz, CDCl3): & = 185.48 (q,
Ye.s =51.6 Hz, Py), 180.42 (q, Yes = 72.0 Hz, Py"), 170.46 (CO), 150.85 (Ph), 146.66 (q, 2Jc.r = 35.6
Hz, Py"), 145.36 (q, Ycr= 34.8 Hz, Py), 144.40 (g, Ycs = 49.2 Hz, Ph), 138.58 (Ph), 136.34 (Py),
135.22 (Py"), 133.05 (Py), 132.50 (Py"), 125.03 (Ph), 122.76 (q, Ycr= 274.7 Hz, CF3- Py"), 121.81
(9, Yer= 273.5 Hz, CF3- Py), 117.28 (Py), 116.00 (Py"), 34.62 (C-CHs), 31.59 (CHs). °F NMR NMR
(471 MHz, CDCl3): 6 =-67.26 (s, 6F, CF3-Py), -67.96 (s, 3F, CFs-Py"). ATR-IR (single crystals, selected

peaks, cm™): 2103 (C=0 stretch).

Synthesis of [t-BuCgH4B(6-(CF3)Py)3]Ag(CO) (14)

To a mixture of K[t-BuCeH4B{2-(6-(CF3)Py)}s] (100 mg, 161 umol) and AgOTf (43 mg, 169 mmol)
in a 50 mL Schlenk flask, covered with aluminum foil was added anhydrous dichloromethane and
then bubbled with carbon monoxide. The reaction mixture was kept stirring for 3 h then cannula
filtered through a celite packed frit to remove KOTf. The solvent was then removed reduced
pressure and the compound was recrystallized from carbon monoxide saturated hexane at -20 °C
to obtain colorless X-ray quality single crystals of [t-BuCeH4B{2-(6-(CF3)Py)}3]Ag(CO). Yield: 90 mg
(78%). The CO loss is facile too facile to dry the sample for CHN analysis. ATR-IR (single crystals,
selected peaks, cm™): 2144 (C=0 stretch). *H NMR (500 MHz, CDCls): & = 8.27 (brs, 3H, Py), 7.58

(brs, 3H, Py), 7.42 (d, J = 7.7 Hz, 3H, Py), 7.36 (d, J = 8.1 Hz, 2H, Ph), 6.94 (br, 2H, Ph), 1.34 (s, 9H,
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CHs). °F NMR (471 MHz, CDCl3): & = -67.75 (s). 3C NMR (126 MHz, CDCls, selected peaks): & =

176.4 (CO).

Synthesis of [PhB(3-(CF3)Pz)s]Cu(CO) (15)

Li[PhB(3-(CF3)Pz3)] (0.26 g, 0.520 mmol) and CuCl (0.06 g, 0.6 mmol) were mixed in a Schlenk tube
filled with 20 mL of degassed CH.Cl, at room temperature. This mixture stirred for about 1 h at
CO atmosphere and was filtered. The solvent was removed from the filtrate under reduced
pressure to obtain the product as a grayish-white powder with a yield of 90%. It was recrystallized
from hexane/CHxCl; to obtain colorless crystal of [PhB(3-(CF3)Pz)3]JCuCO. Anal. Calc. for
C19H14BCuF9N6O: C, 38.83; H, 2.40; N, 14.30%, Found: C, 38.51; H, 2.10; N, 13.82. H NMR
(500MHz, CDCls): & 7.87 (br, 3H, Pz-H), 7.55 (br, 5H, Ph-H), 6.46 (s, 3H, Pz-H). °F NMR (471 MHz,

CDCl3):  -60.9 (s, CF3). ATR-IR (selected peaks, cm™?): 2112 (C=0 stretch).

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 of [Ph2B(6-(CF3)Py)2]Cu(CNBuU') (6), [Ph2B(6-(CF3)Py)2]Ag(CNBU!) (7), [t-BuCeH4B(6-
(CF3)Py)s]Ag(CNBuUY) (9), [Ph2B(6-(CF3)Py)2]Cu(CO) (11), [t-BuCsHaB(6-(CF3)Py)s]Ag(CO) (14), and
[PhB(3-(CF3)Pz)3]Cu(CO) (15) were on a Bruker instrument with Smart Apexll detector, while the
data of [t-BuCsH4B(6-(CF3)Py)s]Cu(CNBut) (8) and [t-BuCsHaB(6-(CF3)Py)s]Cu(CO) (13) were
collected on a Bruker D8 Quest with a PHOTON Il 7 CPAD detector. Both instruments were
equipped with an Oxford Cryosystems 700 series cooler, a graphite monochromator, and a Mo
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Ko fine-focus sealed tube (A = 0.71073 A). Intensity data were processed using the Bruker Apex
program suite. Data were collected at 100(2) K (except the data of 13 and 14 at 200(2) K and
150(2) K, respectively, due to crystal cracking issues). Absorption corrections were applied by
using SADABS for all except, for which TWINABS was used.' Compound 13 shows non-
merohedral twinning (over two domains), which was resolved satisfactorily using Cell_Now.
Initial atomic positions were located by SHELXT,'% and the structures of the compounds were
refined by the least-squares method using SHELXL'® within Olex2 GUI.1%” All the non-hydrogen
atoms were refined anisotropically. The remaining hydrogen atoms were included in their
calculated positions and refined as riding on the atoms to which they are joined. Compound 11
crystallizes in P -1 space group with three chemically identical molecules in the asymmetric unit.
Molecules of 7 sit on a mirror plane containing Ag, B and t-BuNC moieties. X-ray structural figures

were generated using Olex2.1%7
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