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ABSTRACT: Bipyridyl ligands are commonplace in catalysis. Structurally similar to this ligand class with unique properties
is the novel di-(2-pyridyl)methanesulfonate (dpms) ligand, which is prepared and reacted with [Cp*IrCl,], to afford
Cp*Ir(dpms)CI (1) in high yield. Its single-crystal X-ray structure indicates an exo—(k?) conformation of the ligand, with the
sulfonate group directed away from the iridium center. Halogen exchange by treatment of 1 with Nal gives the iodide
derivative, Cp*Ir(dpms)I (2). Abstraction of the halogen from 1 using AgPFs generates [Cp*Ir(dpms)]PFs (3), which was not

found to activate the C-H bonds of benzene.

1. Introduction

Direct cleavage of strong C—H bonds is a useful
technique for generating reactive intermediates with the
potential for enhanced synthetic utility. Platinum(II)
complexes have shown activity in activation of C(sp’)-H
bonds [1-3]. What began merely as an observation of H-D
exchange facilitated by a Pt-halide complex led to
advancements in strong bond activation. Shortly after this
initial observation, Shilov et al. reported Pt'Cls>~ catalyzed
oxidation of methane to methanol in aqueous media via
hydrolysis of chloromethane. However, it was found that the
transformation necessitates stoichiometric quantities of
Pt"VCls* (Scheme 1).
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Scheme 1. Generalized mechanism of the Shilov cycle.

This mechanism is thought to be general for related
electrophilic ligand systems. In 1994, Labinger and Bercaw
investigated the oxidative step using Zeiss’ salt [4]. Rather
than the alkyl group transfer suggested by Shilov, their
findings indicated that the necessity for stoichiometric
Pt'VClg* is its role as oxidizing agent, implying there is “no
inherent mechanistic reason why Pt could not be replaced
by another suitable oxidant” [4]. Indeed, such replacements
have since been attempted. Notably, in the work of Periana
et al. a bypyrimidine complex of Pt", (bpym)Pt"Cl,, was
found to oxidize methane to methyl bisulfate in excellent
yields (>80%) using H,SO4 as oxidant [5]. Similar successes

with the Shilov system have encouraged further research
into related systems with different metals and ligands [6].

One refinement reported by Vedernikov was focused on
the development of a new ligand for Pt coordination, di-(2-
pyridyl)methanesulfonate (dpms), shown in Scheme 2 [7].
The dpms ligand is distinct from other (2,2”)-bipyridyl
ligands in that it contains a methinyl carbon bridge bearing
a sulfonate group. NOE and X-ray experiments suggest that
this sulfonate group coordinates in a hemi-labile manner
which may be conformationally affected by solvent polarity
[7]. Dissolution of L,Pt(dpms) in polar MeOH gave a 7:1
exo—(x?) to endo—(x?) configuration owing to greater
solvent-ligand interactions in polar media. Aerobic
methanol formation was later reported using a
Pt'(dpms)Me; system, where (1<?)~dpms binding in the first
step produces a reactive species and later (i*)-binding in the
second step stabilizes the octahedral hydroxo—adduct
(Scheme 2) [8].
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Scheme 2. Formation of methanol in aqueous media by
Pt"'(dpms)Mex.
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Other metals have also been probed for their utility in C—
H bond activation, including rhodium and iridium [9,10].
Fagnou demonstrated the activity of Rh™ in electrophilic
intramolecular C—H activation and functionalization using
[Cp*RhCL]; and Cu(OAc); [11] and Ellman has developed
extensive synthetic methods with this chemistry [12]. Since
Ir has similar 2-electron gaps in its oxidation states with
stable and accessible M™" (n = 1, 3, 5), Ir catalysts might
participate in similar 2-electron cycling as observed in the Pt
system described above. Bergman et al. demonstrated this
activity in the strong C—H bond activation of benzene and
methane by Ir''Cp*(PMes)(OTY) [10,13]. Interested in the
versatility of the dmps ligand and the ability of Ir to
participate in similar two electron cycling as Pt, we
investigated Ir-catalyzed C—H activation of benzene by a
dpms compound.

2. Results and discussion
2.1. Ligand synthesis

K(dpms) was synthesized in three steps using a modified
procedure from that described in the literature (see
Supporting Information) [7,10]. An overview is shown in
Scheme 3. The workup for step three is non-trivial and
requires elaboration.
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Scheme 3. Synthesis of K(dpms).

Washing with dichloromethane removes organic side
products, and a methanol extraction leaves behind excess
potassium salts. 2,2 2-trifluoroethanol dissolves K(dpms)
and causes KBr and additional inorganic salts to precipitate
for removal by filtration. In Vedernikov’s procedure, the
workup continues with a recrystallization from MeOH and
further washes to remove impurities observed in the
aromatic region of the 'H-NMR spectrum [7]. In our hands,
effective  purification may also be achieved by
recrystallization from EtOH.

2.2. Synthesis and characterization of Cp*Ir(dpms)CI (1)

Formation of iridium complex 1 was optimized by
screening iridium source and solvent. Both [IrCI(COE):]»
and IrCl3-nH,0O were examined as potential iridium sources
for this reaction. Solvents used include C¢Ds, THF-ds,
CH,Cl,, CDCl3, MeOD, as well as solutions of MeOD/THF-
ds and MeOD/CDCls. Each solvent and iridium source was
screened with no reaction being observed. The zwitterionic
nature of the K(dpms) ligand introduced challenges with
solubility, which may have partially contributed to the lack

of observed product formation. Further, heating the systems
either yielded no reaction or decomposition of the substrate.
In consideration of McFarland and Francis’ work using
[Cp*IrCly], to prepare substituted (2,2°)-bipyridine
complexes, complexation of K(dmps) with the dimer was
attempted [14]. A similar procedure was followed and met
with success (eq 1).
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The basic structure of this complex was inferred from 'H
and BC{'H} NMR experiments, including 'H-"*C HSQC,
which indicated 1:1 complex formation. A single crystal X-
ray structure was also obtained following recrystallization
from CHCls/pentane as shown in Figure 1. The complex was
found to crystallize in the space group C2/c with one CHCl;
molecule per iridium atom. The Cp* ring and CHCl; solvent
molecule are modeled as disordered over two positions
(50:50). The bond lengths and angles of the (dpms) portion
of the complex were found to be almost identical to those of
Vedernikov’s (dpms)PtMe,(OH) complex [7]. Notably, only
the exo—conformer of Cp*Ir(dpms)Cl was observed.

Figure 1. ORTEP diagram of Cp*Ir(dpms)CI1 (1). Ellipsoids
are shown at the 30% probability level. All hydrogen atoms
are omitted for clarity. Selected distances (A): Ir(1)-N(1),
2.119(6); Ir(1)-N(2), 2.122(6); Ir(1)-CI(1), 2.399(2); Ir(1)-
C(6), 3.153(7); Ir(1)-H(6), 2.746.

2.3. Synthesis and characterization of Cp*Ir(dpms)I (2)

The iodo-complex Cp*Ir(dpms)l (2) was synthesized
from the chloride (1) using an excess of Nal in MeCN. The
product was a mixture of product 2 and some remaining
starting material 1. Pure 2 was obtained by first removing
chloride with AgPFs (vide infra) and then adding Nal. In
contrast to 1, an endo-configuration of the sulfonate group is
evident in the X-ray crystal structure of 2 (Figure 2).



Figure 2. Crystal structure of Cp*Ir(dpms)I, 2. Ellipsoids
are drawn at the 50 % probability level. Selected distances
(A): Ir(D)-N(1), 2.112(3); Ir(1)-N(2), 2.120(3); Ir(1)-I(1),
2.7192(4); Ir(1)-C(6), 3.429.

2.3. Generation of [Cp*Ir(dpms)]* (3*)

An attempt was made to determine if the (dpms) ligand
system can undergo the same hemi-labile SO; coordination
to an iridium center as it does to a platinum center [7]. The
chloride ligand of 1 was abstracted with AgPFs, producing a
formally cationic species [Cp*Ir(dpms)]® (3*) with the
sulfonate coordinated to the Ir center (eq 2). A single crystal
X-ray structure was obtained, and curiously, the anion was
found to be a mixture of both BFs~ (87%) and PFs (13%)
(Figure 3). In another preparation, recrystallization was
carried out in air, and the counterion was identified as
difluorophosphate, PO,F,  and was coordinated to the
iridium (eq 2, Figure 4). This anion results from hydrolysis
of the PFs, and has been observed previously in AgPFe
reactions with Pd, Mn, Re, Rh, Ir, and Ru [15-21]. It was
reported that PF¢ in the presence of water and electrophilic
metal ions undergoes catalytic degradation to HF and PO,F>~
[15]. The product obtained containing a mixture of PF¢ and
BF4 anions apparently arises from reaction of HF with the
borosilicate glass [22]. The X-ray structure obtained of the
BFs; salt indicates clean halogen abstraction, and
stabilization through a 1>~N,N,O—dpms binding motif. Note
that the 6-membered Ir-N-C-C-C-N-Ir ring must invert to
permit SOz coordination via the endo conformation.

2.4. Reaction of [Cp*Ir(dpms)]* with benzene

In an attempt to observe H/D exchange cation 3 was
prepared by chloride abstraction from 1 using AgPF¢ in
CDCls. The cation was treated with a 1:1 mixture of
CsHs:CsDg in trifluoroethanol, and allowed to react at RT for
20 min. No H/D exchange was observed between the
benzenes by GCMS. Heating to 40 °C for 24 h did not result
in exchange, nor did heating at 80 °C for 24 h. Apparently,
the sulfonate group is not sufficiently basic to allow for
concerted metalation deprotonation to occur [23].
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Figure 3. Crystal structure of [Cp*Ir(dpms)][BFa].
Ellipsoids are drawn at the 50 % probability level. Selected
distances (A): Ir(1)-N(1), 2.142(3); Ir(1)-N(2), 2.133(3);
Ir(1)-0O1(1), 2.184(3); Ir(1)-C(6), 3.210.

Figure 4. Crystal structure of Cp*Ir(dpms)(PO,F>).
Ellipsoids are drawn at the 50 % probability level. Selected
distances (A): Ir(1)-N(1), 2.106(3); Ir(1)-N(2), 2.107(3);
Ir(1)-0(4), 2.167(2); Ir(1)-C(6), 3.136(3); Ir(1)-H(6), 2.754.



3. Conclusions

Zwitterionic complexes of Ir'" containing the di-(2-

pyridyl)methanesulfonate ligand can be prepared from
[Cp*IrCly], and K(dpms). The ligand adopted either a
bidentate coordination mode through its N-atoms or
tridentate mode through the bipyridyl N-atoms and a
sulfonate O-atom. Halogen exchange in the complex 1 was
shown to occur with Nal. The halogen can be cleanly
abstracted from the complex with Ag* to produce a vacant Ir
site stabilized by the hemi-lability of the sulfonate group of
the dpms ligand. The resulting cationic species was found to
be catalytically inactive in the C—H activation of benzene.

4. Experimental section
4.1. General procedures

All reagents were used directly as purchased from
Aldrich, Fisher, or Acros except for CH>Cl, which was used
as received from Mallinckrodt. '"H and '*C NMR data were
recorded on 400 MHz and 500 MHz Bruker Avance NMR
spectrometers. ESI-MS spectra collected on a Thermo LTQ
Velos spectrometer. Elemental analyses were performed
with a PerkinElmer 2400 Series II Analyzer. Potassium di-
(2-pyridyl)methane-sulfonate (K(dpms)), and [Cp*IrCl:]»
were synthesized as described in the literature with
modifications (see Supporting Information) [7,24].

4.2. Synthesis of Cp*Ir(dpms)CI (1)

An oven-dried 2-neck 100-mL round-bottom flask was
charged with [Cp*IrCly], (425 mg, 0.50 mmol) and a Teflon-
coated stir bar prior to evacuation to 200 mTorr and N»
backfill three times. Potassium di-(2-pyridyl)methane-
sulfonate (300 mg, 1 mmol, 2 equiv.) was dissolved in 40
mL MeOH and added to the flask via syringe through a
rubber septum. Upon completion of the addition, the mixture
appeared opaque and yellow-orange. The mixture was
stirred vigorously under N for 67 h at 22 °C. Solvent was
removed under reduced pressure and the yellow powder was
dried in vacuo (708 mg, 96%). Purification was achieved by
recrystallization from CH>Cl, layered with pentane in
a-40°C freezer. The product is well soluble in chlorocarbons
and moderately soluble in THF and MeCN. 'H NMR (500
MHz, CDClz): 6 8.95 (d, J = 7.7 Hz, 2H), 8.72 (d, J = 5.5
Hz, 2H), 7.91 (td, J= 8.0, 1.5 Hz, 2H), 7.33 (dd, /=9.6, 3.5
Hz, 2H), 5.03 (s, 1H), 1.62 (s, 15H). 3C NMR (126 MHz,
CDCl;): 6 156.29 (Cpy), 153.17 (Cpy), 140.58 (Cpy), 126.55
(Cpy), 124.88 (Cpy), 88.69 (CsMes), 73.95 (CH), 8.83
(CsMes). Anal. calcd(found) for C,iHosClIrN,O3S-%4CHCl;:
%C, 37.23 (37.33); %H, 3.56 (3.58); %N, 3.99 (4.14). (A
single crystal X-ray structure shows CHCl; in the unit cell.)
ESI-MS(neg. ion) m/z calcd for (1) [M]: 612.0. Found: 610.9
(M-H").

4.3. Synthesis of Cp*Ir(dpms)I (2)

A 20-mL scintillation vial was charged with 1 (20 mg,
0.033 mmol), sodium iodide (734 mg, 4.89 mmol, 150
equiv.) and a Teflon-coated stir bar. To this was added
MeCN (~15 mL), and the mixture was stirred under air at 22
°C for 91 h. Solvent was removed under reduced pressure,
and the yellow-orange solid was dissolved in DCM and

washed with 2 x 15 mL water to remove salt. The organic
layer was dried over MgSO, and filtered. Solvent was again
removed under reduced pressure before recrystallization
from CHCls/pentane. '"H NMR (400 MHz, CDCl;): 6 9.11
(dd, J=5.9, 1.6 Hz, 2H), 8.90 (d, J = 8.1 Hz, 2H), 7.88 (td,
J=17.9,1.6 Hz, 2H), 7.23 — 7.17 (m, 2H), 4.99 (s, 1H), 1.72
(s, 15H). This material was determined by 'H NMR
spectroscopy to be 80% iodide product, with 20% remaining
1. A single crystal X-ray structure suggested 75% iodide
product, 25% remaining chloride. An improved synthesis
was made by reaction of 3* with excess Nal. A crystal
structure of pure 2 was obtained from this material after
recrystallization from CHCls/pentane.

4.4. Generation of [Cp*Ir(dpms)]* (3%)

In a glove box under N, atmosphere, a solution of 1 (25
mg, 0.04 mmol) in CDCl; (~10 mL) was treated with AgPFs
(20 mg, 0.08 mmol, 2 equiv.) and stirred for 90 h. The
reaction mixture was filtered and layered with hexanes (in
air) to obtain yellow crystals after 2 weeks in a -20 °C
freezer. '"H NMR (500 MHz, CDCls): 8 9.01 (d, J= 8.1 Hz,
2H), 8.76 (d, J = 5.8 Hz, 2H), 7.98 (t, 2H), 7.46 (t, J = 6.7
Hz, 2H), 491 (s, 1H), 1.65 (s, 15H). A sample was
crystallized in the drybox from chloroform/hexane, and a
single-crystal X-ray structure showed a mixture of BF4 /PF¢~
as counterion (0.87:0.13). A second crystallization was
carried out in air, and a single-crystal X-ray structure
showed replacement of the halogen with a coordinated
PO,F,™ counteranion.

4.5. Attempted H/D Exchange with [Cp*Ir(dpms)]* (3*)

In a glove box under N, atmosphere, a 20-mL
scintillation vial was charged with 1 (25 mg, 0.04 mmol),
AgPF¢ (25 mg, 0.99 mmol, 2.4 equiv), a Teflon-coated stir
bar, and fitted with a rubber septum. CDCl; (5 mL) was
added through the septum via syringe and the solution was
stirred in the dark for 145 h. A yellow precipitate formed that
was collected by decantation and subsequently dried in
vacuo. Outside the glovebox, N, was bubbled through 2,2,2-
trifluoroethanol (TFE) for 15 minutes to degas the solvent.
The yellow solid was redissolved in TFE (7 mL) before
addition of equal volumes (100 pL) of C¢He and Cg¢Ds
through the septum under positive N, pressure. The mixture
was stirred at 22 °C under static N». After 20 minutes, an
aliquot (0.2 mL) of the reaction mixture was added to diethyl
ether (2 mL), filtered, and analyzed by GC-MS: m/z (%
relative intensity, ion): 76 (7.9%, C¢He" — 2), 77 (23.8%,
CeHe" — 1), 78 (91.9%, Ce¢H¢"), 79 (6.2%, CsHsD"), 80
(3.6%, C¢HiD"), 82 (15.9%, CsHaD4"), 84 (100%, CsDs"),
85 (6.5%, CsDs" + 1). After stirring for 21h at 22 °C, a repeat
GC-MS analysis demonstrated no significant change in the
relative intensities of the features at m/z =78 and 84. Similar
results were obtained after heating the mixture at 40 °C for
24.5 h and then at 80 °C for an additional 24 h. A color
change from yellow to grey was noted in the reaction
mixture before the temperature was increased to 80 °C.



Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

This work was financially supported by the National
Science Foundation through the Center Enabling New
Technology through Catalysis (CENTC) CHE-0650456
(experimental work), and by CHE-17623560 (manuscript
preparation). This work is published in memory of William
‘Willy’ George Drelles, Jr., and his love of chemistry. The
authors extend gratitude to James Kovach and Andrew
VanderWeide for helpful mentoring advice and Kylie Ritz
for editing this manuscript.

References

[1] A.E. Shilov, G.B. Shul’pin, Activation and Catalytic
Reactions of saturated hydrocarbons in the presence of
metal complexes, Kulwer, Boston, 2000.

[2] A.P. Khrushch, L.A. Tokina, A.E. Shilov, Investigation
of the mechanism of hydrogenation of ethylene on an

homogeneous Pt-Sn chloride catalyst. Kinet. Katal. 7
(1966) 901-904.

[3] N.F. Gol’dshleger, V.V. Es’kova, A.E. Shilov, A.A.
Shteinman, Reactions of alkanes in solutions of platinum
chloride complexes. Zh. Fiz. Khim. 46 (1972) 1353-1354.

[4] G.A. Luinstra, L. Wang, S.S. Stahl, J.A. Labinger, J.E.
Bercaw, Oxidation of zeise's salt by [PtClg]*: A
mechanistic model for hydrocarbon oxidation.
Organometallics 13 (1994) 755-756.

[5] R.A. Periana, D.J. Taube, S. Gamble, H. Taube, T.
Satoh, H. Fujii, Platinum catalysts for the high-yield
oxidation of methane to a methanol derivative. Science 280
(1998) 560-564.

[6] K.I. Goldberg, A.S. Goldman, (Eds.), ACS Symposium
Series 885: Activation and Functionalization of C-H
Bonds, Oxford, Cambridge, 2004.

[7] AN. Vedernikov, J.C. Fettinger, F. Mohr, Synthesis
and reactivity of dimethyl platinum(IV) hydrides in water.
J. Am. Chem. Soc. 126 (2004) 11160-11161.

[8] A.N. Vedernikov, S.A. Binfield, P.Y. Zavalij, J.R.
Khusnutdinova, Stoichiometric aerobic Pt"-Me bond

Appendix A. Supplementary data

Synthetic details for the K(dpms) ligand, 'H NMR
spectra of 1, 2, and 3%, 3C NMR spectrum of K(dpms) and
1; X-ray structural details and data for 1, 2, 3*BF4~, 3" POyF,~
and di(2-pyridyl)bromomethane. The structures have been
deposited in the Cambridge Crystallographic Database as
CCDC# 2055322, 2193653-2193655, and 2207303. This
material is available free of charge via the Internet at
http://XXXXXXXXXXXXXXXX.

*Corresponding author.

Email address: jones@chem.rochester.edu
ORCHID: 0000-0003-1932-0963

cleavage in aqueous solutions to produce methanol and a
Pt''(OH) complex. J. Am. Chem. Soc. 128 (2006) 82-83.

[9]J.C. Lewis, S.H. Wiedemann, R.G. Bergman, J.A.
Ellman, Arylation of heterocycles via rhodium-catalyzed
C—H bond functionalization. Org. Lett. 6 (2003) 35-38.

[10] A.H. Janowicz, R.G. Bergman, Facile intermolecular
activation of carbon-hydrogen bonds in methane and other
hydrocarbons and silicon-hydrogen bonds in silanes with
the iridium(I1I) complex Cp*(PMes)Ir(CH3)(OTY). J. Am.
Chem. Soc. 115 (1993) 10462-10463.

[11] D.R. Stuart, M. Bertrand-Laperle, K.M.N. Burgess, K.
Fagnou, Indole synthesis via rhodium catalyzed oxidative
coupling of acetanilides and internal alkynes. J. Am. Chem.
Soc. 130 (2008) 16474—-16475.

[12] J.R. Hummel, J.A. Boerth, J.A. Ellman, Transition-
metal-catalyzed C—H bond addition to carbonyls, imines,
and related polarized 7 bonds. Chem. Rev. 117 (2017)
9163-9227.

[13] B.A. Arndtsen, R.G. Bergman, Unusually mild and
selective hydrocarbon c-h bond activation with positively
charged iridium(IIT) complexes. Science 270 (1995) 1970-
1973.

[14] JM. McFarland, M.B. Francis, Reductive alkylation of
proteins using iridium catalyzed transfer hydrogenation. J.
Am. Chem. Soc. 127 (2005) 13490-13491.



[15] R. Fernandez-Galan; B.R. Manzano, A. Otero, M.
Lanfranchi, M.A. Pellinghelli, . '°F and *'P NMR evidence
for silver hexafluorophosphate hydrolysis in solution. New
palladium difluorophosphate complexes and X-ray
structure determination of [Pd(n3-2-Me-
C3Hy4)(PO2F2)(PCys3)]. Inorg. Chem. 33 (1994) 2309-2312.

[16] F.L. Wimmer, M.R. Snow, Perchlorate and
difluorophosphate coordination derivatives of manganese
carbonyl, Aust. J. Chem. 31 (1978) 267-278.

[17] E. Horn, M.R. Snow, Perchlorate and
difluorophosphate coordination derivatives of rhenium
carbonyl, Aust. J. Chem. 33 (1980) 2369-2376.

[18] S.J. Thompson, P.M. Bailey, C. White, P.M. Maitlis,
Solvolysis of the hexafluorophosphate ion and the structure
of [tris(u-difluorophosphato)bis(penta-
methylcyclopentadienylrhodium)] hexafluorophosphate,
Angew Chem Int Ed 15 (1976) 490—491.

[19] Giuseppe. Bruno, Sandra. Lo Schiavo, Pasquale.
Piraino, Felice. Faraone, Addition of silver electrophiles to
an electron-rich rhodium-rhodium bond. Synthesis and x-
ray crystal structure of the [Rha(1-CsHs)>(pu-CO)(u-
Ph,PCH,PPh,)(n-AgOPF,0)], a triangular rhodium-silver
cluster with the difluorophosphate ion coordinated to the
silver atom, Organometallics. 4 (1985) 1098—1100.

[20] H. Bauer, U. Nagel, W. Beck, Metallorganische
Lewis-sduren: XVIII. Hydridoiridium(IIl)-Komplexe mit
den schwach koordinierten anionen PFs~ und AICl,™ und
ihre reaktionen mit Wasser; Rontgenstrukturen von
[(PPh3)2(CO)(C1)(H)Ir(OH,)]" BF4 und
(PPhs3)2(CO)(CI)(H)IrOPOF,, J Organomet Chem 290
(1985) 219-229.

[21] G. Smith, D.J. Cole-Hamilton, A.C. Gregory, N.G.
Gooden, Reactions of dichlorobis(ditertiaryphosphine)-
ruthenium(II) with carbon monoxide: Preparation of
dicarbonylbis(ditertiaryphosphine) ruthenium(II) cations,
Polyhedron. 1 (1982) 97-103.

[22] For examples of BF4~ formation from HF attack on
glass, see: (a) H.C. Clark, P.W.R. Corfield, K.R. Dixon,
J.A. Tbers, An unexpected product in the reaction of
PtHCI[P(C,Hs)3]> with tetrafluoroethylene. Structure of the
PtCI(CO)P(C,Hs);]** cation and evidence or the existence
of the SiFs™ ion, J. Am. Chem. Soc. 89 (1967) 3360-3361.
(b) J. Chatt, A.J. Pearman, R.L. Richards, Hydrazido(2")-
complexes of molybdenum and tungsten formed from
dinitrogen complexes by protonation and ligand exchange,
J. Chem. Soc., Dalton Trans. (1978) 1766—1776. (c) J.H.
Shin, G. Parkin, Fluoro Complexes of
Permethyltantalocene, Cp*;TaF; and [Cp*,TaF,][BF4]:
Facile Formation of a Tetrafluoroborate Complex via
Corrosion of Borosilicate Glass, Organometallics. 17
(1998) 5689-5696. (d) M. Wilklow-Marnell, W.W.
Brennessel, W.D. Jones, C(sp?)-F Oxidative addition of
fluorinated aryl ketones by P"PCPIr, Organometallics. 36
(2017) 3125-3134.

[23] S.I. Gorelsky, D. Lapointe, K. Fagnou, Analysis of the
concerted metalation-deprotonation mechanism in
palladium-catalyzed direct arylation across a broad range of
aromatic substrates. J. Am. Chem. Soc. 130 (2008) 10848—
10849.

[24] A.M. Garcia, J. Manzur, M.T. Garland, R. Baggio, O.
Pena, E. Spodine, Dicopper(Il) complexes with hexaaza
binucleating ligands derived from isophthaldehyde and
di(2-pyridyl) methylamine. Inorg. Chim. Acta. 248 (1996)
247-255.



