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1. Introduction

Over the last decade, the field of high-valent metdhlysis
has emerged as a new and powerful tool in organithegis. In
particular, high oxidation state metal centers dauilitate
challenging C—X bond forming reductive eliminatioirs;luding
carbon-halogen, carbon-oxygen, and carbon-nitrodeond
formation’* While palladium catalysis has played a centraé rol
in this field over the last 20 years, there hasnbaegrowing
interest in C—X bond forming reactions from higheral nickel

A. Sanford (2009)3

B. Sanford (2010)*

intermediate$® The development of analogous nickel-catalyzed

methods would be particularly attractive as nickel more
economical and sustainable, however significantlehgés still
remain? Firstly, nickel can undergo facile one- or two-élen
redox events allowing access to both Ni(Il)/Ni(lll) or
Ni(I/Ni(IV) manifolds, hindering reaction developmedue to
limited mechanistic understandifi§Second, the relatively low
stability of high-valent nickel centers makes thesign of ligand
scaffolds capable of stabilizing these intermediatand
facilitating efficient catalyst turnover challenginparticularly at
the Ni(IV) oxidation staté’ Thus, there are continued efforts
towards the design, synthesis and characterizafitnigb-valent
nickel complexes to probe their reactivity towardsXChbond
formation, providing key insights for the developrheof
catalytic manifolds™3

In this area, seminal work from the Hillhouse grougs h
shown that cyclic Ni(ll) complexes possessing alkyll @amido
ligands undergo facile €()-N reductive elimination upon
exposure to one-electron oxidants including,, 4, or
[(AcCp)Fe], via a Ni(lll) intermediaté?*® Recent mechanistic
investigations from the Sanford group have repaitiedsynthesis
and isolation of several stable Ni(ll) precursord #me study of
their reactivity upon exposure to a range of omel &vo-electron
oxidants under stoichiometric conditiohs:>"*®In 2009 they
reported that (phpy)(picoline)Ni(ll)Br compleXd (phpy=2-
phenylpyridine) underwent efficient C—Br bond forinatupon
treatment with either Bror CuBp, via a proposed Ni(lll)
intermediate  (Scheme 1A). Subsequently, bis(phpy)Ni(ll)
species/, was found to undergo preferential C—C bond foromati
to give 4 along with trace C-Br3) and C—N 6) products upon
oxidation with N-bromosuccinimide (Scheme 1B). Altijbuno
high-valent nickel species were characterized, aalogous
Pd(IV) species gave a similar product distributisunggesting the
possible intermediacy of a Ni(IV) speci€S.In a recent high
profile report, Sanford employed [(bpy)NCH,CMe,-0-CsH,)]
complex7 and found that upon oxidation by several @idants

NI"
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Scheme 1. A. Oxidative C-Br bond formation via proposed Ni(lll)
intermediateB. Preferential oxidative C—C coupling along with &#aC—Br
and C-N products from bis(phpy)Ni(ll) compleZ. Selective C—C coupling
from Ni(lV) intermediateD. First example of catalytic C—N bond formation
via proposed Ni(lll) intermediate.

In an effort to explore new ligand scaffolds thatildoenable
catalytic, oxidative C—X bond formation via either(IN) or
Ni(IV), we were drawn to the amido bis(amine) pincer Ni-
complexes recently developed by Hii7,(18, Scheme 2). By
replacing the phosphorous atoms of established Rhfep
ligands with nitrogens, Hu aimed to increase the tixea
“hardness” in order to better stabilize high-oxidatstate metal
complexes. To date Hu has successfully utiliZBiNN)NiCl
complex17 for a wide variety of nickel-catalyzed €¢{) Kumada

couplings®®" A detailed mechanistic investigation led to the

(10-13), 7 underwent selective C—C bond formation with noconclusion that the Kumada coupling proceeds vidli@ll)

evidence of competitive C—X reductive eliminatiorogucts’
Significantly, use of a more stabilizing tridentateis(2-
pyridyl)methane (tppp) ligand system enabled tlaton and
full characterization of key Ni(IV) intermediatesrfthe first
time, suggesting the feasibility of this redox niald for C—-X
bond formation. Subsequent studies from the Sanitdvdhave

intermediate 19), accessed via radical oxidation of the Ni(ll)
center by an aryl iodide after transmetallationhg@ne 2B’
However, despite its utility in catalytic C—C bondrrfation,
there have been no reports examining the viallitthe (NNN)-
pincer scaffold to enable analogous C—X bond fornpiragesses
via high-valent nickel intermediates. Herein, we répostudy of

utilized 7, the (tppp)-ligand system and a closely relatedthe reactivity of(NNN)NiPh complex18 upon treatment with a

trispyrazolylborate scaffold to examine a rang&eX and C-C
bond forming processes, providing key mechanistisights
towards the feasibility of catalytic manifold$>'"*® Ritter has
reported an oxidative radiofluorination method eoypig

stoichiometric Ni(ll)—aryl complexes, which upon egpee to a
hypervalent iodine oxidant and nucleophilic flueiduinderwent

range of both one and two-electron oxidants (Sch2@)e Our
studies have found tha8 will undergo preferential G)-N
bond formation over competitive carbon-oxygen orboa-
halogen pathways, however carbon-carbon bond formatit
predominate upon exposure to an appropriate oxidant
Preliminary mechanistic studies indicate the role either

smooth C$p)-F reductive elimination, presumably via a Ni(Iv) Ni(I)/Ni(l1l) or Ni(l)/Ni(IV) redox manifolds dependhg on the
intermediaté. The Muniz group reported the first example of oxidant used and our results indicate that C-N Hondation is
catalytic C(sp)-N bond formation from a proposed Ni(lll) more efficient through the proposed Ni(lV) pathway.eTh

intermediate in an approach to oxidative olefinndization  findings indicate the viability C-N bond reductivéngnation
(Scheme 1D§° from high-valent nickel complexes, most notably M)l and

reveal the significant role that oxidant selectays in reaction
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development, providing valuable insights for furtteatalytic ' reported for C—-N bond forming reductive eliminations
development. previously>*?****® These results indicate that in our system, a
potential Ni(ll)/Ni(IV) pathway was more efficient atgmoting

A. (NNN)-Ni(ll)-pi [ / o
(NNND-Ni(l)-pincer complexes of C—N bond formation (see later for further disdoish

Q_'}lMez Q_'\IIMGZ NNN)-pincer-Ni(ll) complexes X
—Nill— —Njll— — rigid ffold -Ni
N 'ih c N 'ih Ph —increased “h:%nzgz" lr)ellative to PNP Q'}”‘Aez [0l Q—NMGQ (NNN)-NiCl
@—NMez @—NMez — strong o-donor N-ligands N—Ni'—Ph N—Ph + . 1
l ~
17 18 @—NMe2 NMe, (NNN)-NiPh

18 23 22

7
18
X=-0Ac, —ClI, -Br

B. C—C bond formation: Alkyl-Alkyl Kumada coupling via Ni(lll) intermediate

17 Q—WezR 1 ' Table 1. Oxidation of 18 with both one- and two-electron
R=X R—_Mg)<> N_,\||illl\R1 —> R—R' + (NNN)-Ni(l) oxidants
NMe C—C bond formation iti Product i ©
3 2 | ok NI,(I”)H' Entry Condition3 Distributior? Yield 23 (%)
"C. This work: Selective C—X bond formation via high-valent Ni-intermediates? 1 (tolyhI(OAC), 23 only 94
e [ >|< ] 2 (tolyl)ICl, 23 only 99
L,Ni""~Ph 3 [PhI(Py}]20Tf 23 only 99
Q_TMeZ 0] 20 ‘JJ:
N—nil—ph L weph or  Nepr 4 NCS 23only 98
O—l‘wez [ >|< 1 22 wf 93 5 NBS 23 only 96
18 29 | LNiV=X 6 TDTT 23 0nly 98
Ph 21 .
e NI ¢ " 7 Fe(CpPR 1.0.42
Scheme 2. A. (NNN)-pincer Ni(ll) complexes developed by HB.. Use of17 R (23:18)
for alkyl-alkyl Kumada coupling via Ni(lll) intern@ate. C. This work:
examining the reactivity a8 towards oxidative C—X bond formation. 3 CuCh (123?19% 52

2. Resultsand Discussion # Reactions were carried out in dry THF with exceptiof the entry 8:

. . . THF/ACN 1:1 v/v."Initial product distributions determined viel-NMR of
Our studies focused on the reactivity BMNN)-NiPh complex crude reaction mixturesisolated yield of23 determined after column

18, which was readily prepared according to the proeedu chromatographyisolated yield of3 not obtained as remainiri@ degrades
reported by HJ” We hypothesized that, depending on the naturéo 23 upon purification.

of the oxidant, this could give rise to either alNi((20) or
Ni(IV) (21) intermediate, stabilized by the strormrdonor
nitrogen-ligands (Scheme 2C). These intermediateddcthen
either undergo reductive C—X bond formation, where Xildo
arise from the oxidant, to giv@2, or reductive C-N bond
formation onto the ligand scaffol®3). Significantly, complex
23 does not have the ability to undergo a competi@w€ bond
reductive elimination, a pathway found to outcomp@te bond
formation in previous studies of high-valent nickel
intermediated.>®1%*"*®

Having established the tendency ©8 to undergo highly
selective C—N over competitive C—X pathways, we wished t
examine C-N vs. C-C coupling (Scheme 3). C-C bond
formation has been established as the major pathmwarior
studies of high-valent nickel speciés®!"*®(vide suprd and
Hu's studies have revealed a Ni(lll) intermediate lig highly
efficient Kumada coupling usind7.*® We would therefore
predict C—C coupling to predominate over C—N couplipon
exposure to & oxidant such as an aryl halide, aryldiazonium, or
diaryliodonium salt® In fact, treatment of 18 with

We began by exposingg to a panel of well-established? diaryliodonium salt24 gave biaryl25 as the major product in
electron oxidants, including A*iodanes (tolyl)I(OAc),  30% yield, along with 9% vyield of C-N produ@s, with
(tolyDICI,, and [PhI(Py20Tf, as well as NCS and TDTT remaining mass balance accounted for by fmlehn\j)-ligand.39
(Table 1, entires 1-6)>*%**tn each case we observed exclusive While the C—C coupling proceeded in only moderaédy this
formation of 23 in near quantitative yield, the product of cleanresult supports the previous observations that igh-talent
C(sp)-N bond formation”> Surprisingly, no products arising nickel intermediates where C—X vs. C—C coupling patisaare
from competitive C—X reductive elimination onto theene were competitive, C—C coupling is preferred and thus ttiould be
observed (i.e22) either by GCMS or'H-NMR of the crude avoided for the design of future ligand scaffolds €-X bond
reaction mixture€® While there are reports of §f)-N bond formation.
formation via Ni(ll),***®?° and Cép)-N bond formation has
been reported via Pd(ll)/Pd(I\/},to the best of our knowledge ot O
there exists only one report of §H)—N reductive elimination Q—NMe2 @ Q—NMe2
from a high-valent nickel speci&and our finding is in contrast N—Nil—Ph , 2 + N—Ph
to Sanford’s observation in which only trace C-N bond @_LM% Tuw)’ O @_NM%
formation was observed upon oxidation ®fwith NBS (see = eaa
Scheme 1Bj.We then examined both outer-sphere ((F3P%R)
and inner-sphere (Cuglle oxidants (entries 7, 8), both of
which proved less efficient at promoting C—N bondnfation
than the & reagents. (FeGJPF; gave lower conversion t23, At this stage we wished to probe the mechanistic
with a 1:0.42 ratio o3 with starting complex8 (entry 7). In  underpinnings for the drop in C—N bond efficiencywsen 2
contrast, CuGl gave full consumption of starting complés, oxidants (Table 1, entries 1-7) and bxidant (CuCJ, entry 8),
however produced a 1.0:0.91 ratio23fto (NNN)-NiCl complex  with the hypothesis that this may result from a switc reaction
17. We were intrigued by this drop in reaction effimg upon  manifold from Ni(ll)/Ni(IV) to Ni(ll)/Ni(lll). The differential
use of one-electron oxidants as Ni(ll)/Ni(lll) pathweadyad been pulse voltammogram ofl8 revealed two oxidative peaks, at

18 25 (30%) 23 (9%)

Scheme 3. Preferential C—C coupling, leading to biaryl forioat upon
oxidation with diaryliodonium saR4.
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+0.75V and +1.39V versus Ag/Agwhich we assign to the gives a Ni(lll) species 20) which must undergo an
Ni(ID/(1N) and Ni(llN/(IV) redox couple, respectidg. Both isomerization to access a speci@$) (capable of C-N bond
oxidations display quasi-reversible behavior, howes@mplex formation. However, prior to isomerizatio20 can undergo
degradation appears much more significant uponabixid to  homolysis of the labile Ni—Ar bond, giving rise to (N—ClI
Ni(IV) (see Supporting Information for details andrther speciesl7? and an aryl radical gives benzene after H-atom
discussion). We then attempted the use of varialghties to  abstraction, presumably from THF solvéhiVe believe these
probe potential one-electron pathways, unfortunatadgition of  findings could provide valuable insights to addréssues of
TEMPO or BHT resulted in no change in reaction oote and  reaction efficiency and selectivity in the contidugevelopment
no detectable formation of adducts in the casemyf @ the  of nickel-mediated oxidative C—X bond formations.

oxidants screened.Furthermore, attempts to isolate or observe

any high-valent nickel intermediates by NMR were wesssful [ cis-addtion of X-groups
due to instability and rapid rate of C—N bond forimatfrom Q—T—NMez
these epecies even at low temperature. We theraftampted to g 2eoxidant N—Nﬁ\/—x C-N bond _  5q
gain insights into the reaction pathways by alteritite g_N’,\'/,e formation

. . . 2
equivalents of respective oxidants added (Schemg &rder to Ph
confirm the Cud result, we turned again to (tolyl)liCwhich is L 21
commonly viewed as ae€2 oxidant, however use of 0.5 equiv. ----------=------- e s R E
can result in each equivalent performing twe® @xidations, as X

. . A -NMe. NMe.

demonstrated by N.ocera4!)n the oxidation of a (dpp#)ui, 16~ oxidant Qj/m_;h Q___/m_xz
complex to (dppe)Ni(lll)G.™ Treatment ofL8 with 0.5 equiv. of 18— N-Ni Sl N=Ni
(toly)ICl, resulted in complete consumption of starting maker @-NM% Q—N'\{'ez
and analysis of théH-NMR of the crude reaction revealed a Ph
1.0:1.01 ratio of C-N produ@3 to (NNN)-NiCl (17) (Scheme L 20 26
4A).* This result is significantly different than theidation with l’,ﬁggo‘,’y‘;’}g & N bond l
1 equiv. (Table 1, entry 2) and analogous to tisellte obtained .
with CuCh. Next, to probe thee? oxidation, we treated8 with Ph—H =— [pn’] + 17 23

0.5 equiv. of [PhI(Py]20Tf and in this case we observed a Schemeb. Role of complex geometry on efficiency of C-N bdadnation.

1.03:1.0 ratio of C—N produc®3) to unreacted starting complex aDetect_ed via GC analysis of the crude reactionuméxtinder conditions

18 (Scheme 4B§? This result would indicate that each equivalentS""" in Scheme 4A. See Supporting Informatiordgails.

of [PhI(Py}]20Tf is performing a nete& oxidation of a single 3. Conclusion

Ni(Il) center to Ni(IV) as 1 equiv. gave near quartiva yield of

23. While the above results are not definitive evitigrihey are In conclusion, we report the reactivity of aNNN)-NiPh

supportive of divergent reaction pathways dependentthe complex towards oxidative C-X bond formation. Our w&sd

oxidation state of the reactive nickel species gndvide  have shown that this complex undergoes highly sete@(sp)—

preliminary evidence for a Ni(ll)/Ni(IV) redox couplbeing N bond formation over competitive carbon-halogencarbon-

more efficient for the formation of C—N bond prodsict oxygen reductive elimination pathways, resulting in
functionalization of the ligand scaffold. Alternagly, (NNN)-

. NiPh will undergo preferential C-C bond formation opo

A. 1~ oxidation: C-N bond formation via Ni'/Ni

05 oaui NMe, Q_NMe2 treatment with a diaryliodonium salt, in line withepious reports
.5 equiv. (tol)ICly, \ .. . . L.
(NNN)-NiPh THF N-Ph N=Ni'—Cl on the _reectlwty_of hlgh-valent nickel complexéy.ell_mlnary

18 [via Ni'"] NMe @—n‘um mechanistic studies indicate that C-N bond format®more

2 2 facile via a Ni(I)/Ni(IV) pathway than Ni(l)/Ni(lll),which we
23, 49% 17, 48% hypothesize is due to the differences in geometdésthe

[O] with 1.0 equiv. CuCl,:? 23, 52% 17, 42% resultant high-valent complexes. This transformmatiepresents
_________________________________________________________________ one of the first examples of §f)-N reductive elimination from
B. 26 oxidation: C—N bond formation via Ni/NilV a proposed Ni(lV) intermediate and we believe thatsehe

. NMe findings could aide in the continued pursuit ofatgic C—X
05 equiv. [Phi(Py),]20Tf, Q_ 2 bond forming manifolds via high-valent nickel intezdiates.

(NNN)-NiPh THF A N=Ph . 18 549

18 [via Ni"] Q—NMez

23,46% 4. Experimental section

Scheme 4. Mechanistic probe into the efficiency of Ni(llNs. Ni(IV)

intermediates in C-N bond formatiofRatio confirmed by isolated yields 4.1.General Information

after chromatographyL7 isolated as freeNNN)-ligand. See Sl for details. N 13

H and C NMR spectra were recorded at 500 MHz and 125

We hypothesize that the divergence in C—N bond ieffixy
between the proposed Ni(lV) and Ni(lll) pathways can peMHz on a Bruker Advance 500 or 400 MHz and 100 MHz on a

explained based on the geometries of the two nigeties upon Bruker Advance 400tH NMR chemical shifts were reported in

oxidation (Scheme 5). Due to the relative instapilif the high- part perDmiII_iog igpm) frorrjrr:hedsolvent resonarﬁ?Ch 7f'2|? )
valent nickel species, the initial geometry obtdinepon ppm, GD¢ = 7.16 ppm). The data was reported as follows:

oxidation could play a central role in the favoreehction chemical shift number, multiplicity (s = singlet,=ddoul_3|et, t=
pathway. Treatment with ag2oxidant results ircis-addition of glplt;:, sept :_ seplteti ddP: doub(ljet of c:ogbleds,:t;;plet of
two X-groups to the nickel center to gi2&,” forcing the phenyl :;T e5§é”"\”\_/”£nurt]'_? et). Proton ec(:jogp € at:cacb hon teft
group into an axial positiorgis to the nitrogen, and facilitating (APT) shifts were reported in ppm from the solvent

rapid C-N bond reductive eliminatidh. In contrast, &  'esonance (CDgI77.16 ppm). The reaction solvents used were
ox[i)tljation ety iminat anhydrous (HPLC-grade solvent passed through awabeti-

alumina column). All other reagents were used withfauther



purification. [(Py}IPh]20Tf and [ToJl[OTf were synthesized
according to the literatuf®* and used without further
purification. Flash chromatography was carried @ing Sorbent
Technologies silica gel 60 6 (48 63 pm) in the solvent system
listed in the individual experiments. The reactiomgere
monitored using analytical thin-layer chromatognagfiLC) on
Merck silica gel (60 F2s4) plates. Accurate masstspewere
recorded on an Agilent 6520 Accurate-Mass Q-TOF LE/MII
reactions were carried out inside glovebox unlessifpd.

4.2.Synthesis of (NNN)-NiPh Compleb8)

4.2.1.Synthesis of Bis[dimethylamino)phenyllamine
(HM*NN,)(SI-1)

Inside a glovebox, a 250 mL reaction vessel wasgethr
with Pdy(dba} (1.36 g, 1.49 mmol), bis(diphenylphosphino)-
ferrocene (DPPF) (1.65 g, 2.97 mmol), N&& (9.84 g, 0.098
mol) and toluene (100 mL). 2-Bromo-N,N-dimethylamdi(14.6
g, 0.073 mol) and 2-amino-N,N-dimethylanilfi¢9.95 g, 0.073
mol) were degassed and added to the reaction mixithe
brown solution was then stirred for 3 days at 100 T@e
solution was then cooled to room temperature anibréidl
through Celite. Removal of the solvent yielded &dmuid that
was taken in dichloromethane (20 mL) and filteretbuigh a
silica plug. Removal of the solvent gage-1 as a brown solid

5
obtained following purification by flash chromatoghy (5%
EtOAc/Pentane).

4.3.1.Compound23

Isolated as a pale yellow crystalline solftd NMR (500
MHz, CDCk): 8 7.11 — 7.07 (m, 2H), 7.05 — 7.01 (m, 4H), 6.97 —
6.94 (m, 2H), 6.88 — 6.82 (m, 3H), 6.81 — 6.77 (m,,2H}5 (s,
12H). ®*C NMR (125 MHz, CDG)): & 148.04, 138.86, 128.02,
127.35, 123.98, 121.65, 120.12, 119.38. HRNESI) m/z
CoHoeNs™ [(M + H)] caled: 332.2127, found: 332.2122. X-ray
crystallographic data for23 is provided in Supporting

Information Sl-12).

4.4.C—C bond formation: Oxidation with diaryliodonium 24

Inside a glovebox,NNN)-NiPh (15.0 mg, 0.04 mmol) was
added to a 20 mL scintillation vial and dissolvedil:1 mixture
of THF/CH,CN (1 mL total volume, 0.04 M). [TdIOTf was
added in one portion and the solution was thenestiavernight
at room temperature. The vial was brought outsigegtbvebox
and the solvent was removetdvacuo The reaction was purified
by flash chromatography (5% EtOAc/Pentane) to yR8d(2.0
mg, 0.012 mmol, 29%)23 (1.6 mg, 0.004 mmol, 9.2%), and
HY*NN, (27) (5.4 mg, 0.024 mmol, 60%%pectral data fo5

(12.0 g, 0.048 mol, 66%) that was used without furthewas consistent with that reported in the literafdre.

purification. Spectral data was consistent with tieabrted in the
literature?®

4.2.2.Compoundl7

In a flame dried flask, under Ar,"®NN, (SI-1) (0.50 g, 2.0
mmol) was dissolved in THF (6 mL) and the solutiooled to —

78°C. n-BuLi (0.80 mL, 2.1 mmol, 2.5 M in hexanes) was added

to the solution dropwise. The solution was allowedwarm
naturally and stir for 1 h at room temperature. Thsultant
solution was then transferred to a THF (6 mL) susjmen of

4.5.Mechanistic Investigation

4.5.1.0xidation with 0.5 equiv. of (tolyl)IGI

Inside a glovebox,NNN)-NiPh (18) (10 mg, 0.025 mmol, 1
equiv.) and (tolyl)IC] (3.6 mg, 0.0125 mmol, 0.5 equiv.) were
added to a 20 mL scintillation vial. THF (1 mL, QM) was
added and the mixture was allowed to stir overnightoam

NiCl,(dme) (0.44 g, 2.0 mmol) at —78 °C. The reaction Wa%emperature. The solvent was remoued/acuoinside the glove
2 . ’ . - .

allowed to warm naturally and was left stirring ovghtiat room

temperaturg. The solvent was then removed and the dark brow

oil was taken in benzene and filtered through celitee brown
oil was purified by recrystallization (layer diffusi of pentane in
benzene at room temperature) to gidNN)NICl (17) as a

brown solid (0.52 g, 1.5 mmol, 74%). Spectral datas wa

consistent with that reported in the literattfre.

4.2.3.Compoundl8

Inside a glovebox, PhMgBr (0.72 mL, 1 M solutionTiHF)
was added dropwise to a THF (5 mL) solution(WNN)-NiCl
(17) (0.25 g, 0.72 mmol) at —78 °C. The resultant Sofuwas
allowed to warm naturally to room temperature andresti
overnight. The solvent was removed vacuo and the dark
residue was then dissolved in benzene (30 mL) alterefil
through Celite. The solvent was remowed/acuoto afford18 as
a yellow solid, which was purified by recrystallizatiglayer
diffusion of pentane in THF) to givé8 (0.17 g, 0.45, 62%).
Spectral data was consistent with that reporteddritirature®

4.3.General procedure for oxidation of (NNN)-NiR&:

Inside a glovebox, NNN)-NiPh (15.0 mg, 0.04 mmol, 1
equiv.) and the appropriate oxidant (1.0-1.2 equirere added to
a 20 mL scintillation vial. THF(1.0 mL) was addedgise a 0.04
M solution and the mixture was allowed to stir ovghtiat room
temperature. The vial was brought outside the gloxeind the
solvent was removeih vacuo Initial product ratios oR3:22:17
were evaluated via analysis of the crd#eNMR spectra (see
Supporting Information for details). Isolated yieldf 23 were

ox. Still inside the glovebox, the crude mixturesvaissolved in

sDe, filtered and added to a NMR tube. Analysis of the

MR spectra of the crude reaction mixture reved&8d? in a
1.0:0.91 ratio, along with trace impurities relatitog(tolyl)ICI,
(see Supporting Information for full details).

4.5.2.0xidation with 0.5 equiv. of [PhI(Py)20Tf

Inside a glovebox,NNN)-NiPh (18) (10 mg, 0.025 mmol, 1
equiv.) and [Phl(Pg)20Tf (8.3 mg, 0.0125 mmol, 0.5 equiv.)
were added to a 20 mL scintillation vial. THF (1 nfL025 M)
was added and the mixture was allowed to stir ovetrdghoom
temperature. The solvent was remowedacuoinside the glove
box. Still inside the glovebox, the crude mixturesveissolved in
CgDs, filtered and added to a NMR tube. Analysis of the
NMR spectra of the crude reaction mixture revealely @3:17
in a 1.03:1.0 ratio, along with trace impurities atélg to
[PhI(Py)] 20Tf (see Supporting Information for full details).
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