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ABSTRACT: A series of bidentate ligands associating an
iminophosphorane and a phenoxide was synthesizeéct@ordi-
nated to nickel(ll) leading initially to bimetalli&KNi adducts.
Replacement of the potassium by another metal effoihe isola-
tion and characterization of bimetallic LiNi, andNA complexes,
while addition of one equivalent of triphenylphosgh gave
access to monometallic complexes. The same typeowiplex
was obtained with the coordination of a tridentagaend incorpo-
rating a supplementary amine donor. These parartiago@m-
plexes were characterized by elemental analysisang of them
by X-ray diffraction, evidencing a tetrahedral retkenter. They
were shown to efficiently catalyze the oligomeriaatof ethylene
in presence of BEAICI (Al/Ni= 22.5) with TOF up to 72 000
mol(C,H,) /mol(Ni) /h, giving selectively butene (more th@rn%)
with at best 93% of 1-C

Introduction

Linear alpha olefins (LAOs) are important feedstodkr the
chemical industry, that have found applicationsvarious do-
mains such as the preparation of lubricants, giastis, deter-
gents and the synthesis of low-density polyethyfefigeir pro-
duction is mainly achieved by the oligomerizatidrethylene, for
which different processes have been developed enirtustry.
Among them, the Philips trimerization process basedhromi-
um? the Alphabutol process from IFP involving titanidrand the
Shell Higher Olefin Process (SHOP) employing a phosoyl-
enolato nickel compléxare particulary remarkable. This latter
catalytic system developed by Keim and coworkessthiggered
further interest in nickel based catalytic systewasjous ligands,
either bidentate or tridentaiecombining different heteroatoms
were employed. A large diversity of bidentate ligand systems,
which combine (N,NY, (P,N)8 (P,P)? (P,0)° and (N,O§* donor
groups, was described. Even if catalytic systemsedbaon
iminophosphorane (P=N) ligands are underdevelopedpared
to their imine counterparté,they have also been used to prepare
nickel based ethylene oligomerization cataly3tShus, in 2001,
Réau and coworkers described the performancesc&éincom-
plexes featuring bis(iminophosphorane) ligand, Wwigave mod-
erate productivity and selectivity in,&* Later, Stephan and
coworkers have shown that bidentate pyridine- orda&zole-
iminophosphorane nickel complexes catalyze the dpagon of
ethylene forming mainly 2-Colefins®*® More recently, we have
demonstrated that mixed phosphine-iminophosphdrgaeds led
to efficient and selective nickel-based dimerizaticatalysts®

As we recently developed tetradentate ligands &sog
iminophosphorane and phenoxidewe decided to prepare a
bidentate version to evaluate phenoxide-iminophospte nickel
complexes in ethylene oligomerization. Indeed, (N ased
nickel catalysts (Figure 1) are well-known and galhe favor
ethylene polymerizatioh® > ®Nevertheless, benzoquinone-
monoimine nickel complexed)( developed by the Braunstein’s
group*® achieved good selectivity in,Qup to 90%), but with a
limited amount ofa-olefins. Better selectivity was obtained with
oxazolyl-methanol nickel complexeH X developed by the same
group!® In the same manner nickel catalysts based on pheny
ether-pyrazol ligandslil) exhibited moderate to high activities
with good selectivities in 1-060-80 %)/
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Figure 1. Examples of (N,0) nickel dimerization catalysts

In order to investigate if iminophosphoranes cdagdoeneficial in
such catalytic systems, we described in this ptpesynthesis of
bidentate phenoxide-iminophosphorane ligands, tteardination
to Ni" and their catalytic ability in ethylene oligomeiion.

Results and discussion

Some years ago, Zhang and coworKersynthesized such
bidentate phenoxide-iminophosphorane ligands tpgyeetitani-
um and zirconium complexes. As they employed a l®gis
based on the Staudinger reaction requiring an apidg phenyl
and trimethylsilyl derivatives were reported. Irder to allow a
facile variation of the nitrogen substituent, wefprred to rely on

the Kirsanov reactio This led us to prepareo-
diphenylphosphinophenol protected as a methoxyrhetthyer,
following the procedure of Bianchi and coworkéfs.



Aminophosphonium saltda-c (Scheme 1) were then easily Reasoning that substitution of potassium may atlwdformation
formed by bromination at low temperature followeyl dddition of oligomers, and allow the characterization of dhéained nickel
of a primary amine in presence of DABCO (diazablicgctane). complexes, one equivalent of lithium bromide wadeatiat the
The reaction was monitored BP{*H} spectroscopy; after com-  end of the coordination step. This led to complel@s (Scheme
pletion, the reaction mixture was saturated witkegais HCI to 3), which precipitated out of the reaction mixtafeer concentra-
remove the methoxymethyl ether group. After workup, tion. These complexes were characterized by elahanialyses
aminophosphonium sala-c were obtained in good yields (57 to and X-ray diffraction. The magnetic momentdaf was measured
92% for the 2 steps). Interestingly they can beestdor days on in solution at 3.2(1)g. Single crystals ofla-c were obtained by
the bench. slow diffusion of petroleum ether at -40°C into THBlution of
the complexes. The crystals were highly sensitivéetmperature

NB Br CI@ raising. The structures dh and4b are displayed in Figures 2 and
2) RN,)_|2r2base ® HCI (9) ® 3. For4c, the crystal structure was of low quality allowiogly to
PPh, CH,Cl, > PPh, PPh, confirm the connectivity, which is similar to that 4a. Detailed
OPG -78°Ctort. Ole NHR OH NHR crystal data are given in Table S1 (see ESI).
a-c 2a-c
PG = CH,OEt aR=1tBu
b R = CH,C(CHj3)3
¢cR=Ph @ 1) KHMDS _ ﬁth
Scheme 1. Synthesis of aminophosphon?ane (% (2 equiv.) 3)LiBr , S O N~k
- _— — i Li i
The iminophosphorane-phenoxide ligands were gescbratsitu PPh, 2) [NiBro(DME)] s’ B “Br
before coordination (Scheme 2). The deprotonatias warried OH Hl{l S =THE
out with 2 equivalents of potassium hexamethyldishe pac R 3) AIBE 4a-c
(KHMDS) in THF, which allowed an easy removal oé timsolu- 3
ble KCI salts by centrifugation. The reaction is@opanied by a aR =tBu
shielding of the phosphorus nucleus’if{*H} NMR spectrosco- b R = CH,C(CH2)s PPh
py giving singlet at 12.0, 14.6, and 8.4 ppm fgahidsa-c respec- CR =Ph Br. ,O. N~p
. Al i
tively. B 8f “Br
5a-c
KHMDS ; -
CI (2 equiv) [N|Br2(DME)] Pth Scheme 3. Synthesis of compleXasc and5a-c
@
PPh,  THF PPh, _ ()
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Scheme 2. Coordination to nickel. &4 \ '«» < o
\
[/ ’»-‘—@ o1 :1
The ligands were not isolated and coordinationit&et(ll) was p 4{! & S? AN - @ 4,,/@
realized in the same pot by adding one equivaleft o \'{ To2 N 4} NE &K
[NiBr,(DME)]. This induced a rapid color change to pu.rme Q},;\g . @)&/
3a,b and blue-green fasc. The completeness of the reaction was
ascertained by*P{*H} NMR monitoring of the crude mixture " J
showing the disappearance of the singlet correspgnt the Figure 2. Ortep view of complex 4a. Hydrogen atoms and a non-coordinated THF
|igand' no other signal was seen, which suggestimfmation of molecules have been omitted for clarity. Thermal ellipsoids are drawn at the 50%

. | | lubl . a d probability level. Selected distances (A) and angles (°): Ni1-N1 1.977(2), Ni1-01
paramagnetic complexes. Insoluble potassium saitg vemove: 1.954(2), Ni1-Br1 2.4526(5), Nil-Br2 2.3799(5), Li1-O1 1.893(5), Li1-02 1.915(6), Lil-

by centrifugation, followed by evaporation of THid washing 03 1.915(6), N1-P1 1.602(2), 01-C1 1.332(3); O1-Nil-N1 98.30(8), N1-Nil-Br2
of the obtained solid with petroleun ether o el the amine  HS110, 21 1 1042u) 1 0L L0 oL onat ot o
side-product (HMDS) generated during the deprofonastep. 16.5(2).

All attempts to grow crystals o3 failed whatever the solvent
systems and temperatures employed, this preclhdedetermina-
tion of the precise structure of these adducts. él@r elemental
analysis seems to indicate the presence of onecolel®ef KBr

for two [(Ni,O)NiBr] moieties. Measurement of theagnetic
moment of3c (as a representative example of this series of com
plexes) in solutiolf gave a value of 3.3(1)g close to those re-
ported in the literature for other nickel iminoppbsrane com-
plexest®

4ais a LiNi adduct, where both lithium and nickehét a tetra-
hedral geometry. These atoms are bridged by a demund the
oxygen. The four atoms form a nearly planar fourniered ring
(O1-Ni1-Li1-Brl: 9.52°). As expected the Ni1-Br1.433(1) A)
bond is longer than the Nil-Br2 one (2.380(1) A)aigreement
with the bridging position of Brl. Other bonds amgles do not
deserve special comments, for example the Brld domparable
to that observed by Stephenal for a NiLi adduct® Noteworthy
the Ni1-N1 and Ni1-O1 bond lengths (1.977(2) A dar@B54(2) A
respectively) observed m are longer than those observed in the



nickel phosphasalen complex featuring a tetraderghenoxide-
iminophosphorane ligand (1.905(4) and 1.881(3) rtffie longest
Ni-N and Ni-O respectively}*®

The lithium cation is solvated by two THF molecuylemother
non-coordinated solvent molecule is present incile and may
explain the sensitivity of the crystals. The eletabmnalysis of
4a-c are in agreement with this compositioa. a bimetallic Ni
complex solvated by two THF molecules.

However, X-ray analysis on single crystalsdbfgrown from
THF evidenced a different structure: a dinucleamplzx
with no bromide in bridging position, and the lidhi is, in
this case, solvated by three THF molecules. Thesefooth
Ni-Br bond lengths are similar (2.381(2) and 2.402R),
moreover the Li1-O1 bond is longer b than in 4a
(1.945(7) and 1.893(5) A respectively), the samseolmtion

is made for Ni1-O1 (1.975(2) As 1.954(2) A). Others pa-

rameters are similar to those observed 4ar Upon high
vacuum drying, one THF molecule is probably reldase
form a four membered ring as observed 4ar explaining
the composition obtained from elemental analysis.

Taking into account the ability of the oxygen atafthe
phenoxide to coordinate electron deficient metaltees, and
the role of AINi adducts in oligomerization procg8swve

synthesized AINi complexes (Scheme 3). The synshési
similar to that of4a-c, AlBris added after the coordination

step.

netic moment ofb in solution was measured at 2.9(1y),
suggesting a tetrahedral coordination around tbleehi

€] 1) KHMDS (2 equiv.)
cl 2) [NiBr,(DME)]
3)P

® Ph;
S T — e
OH HN. . N<
R aR=tBu NCR
bR= CHQC(CH3)3 PhsP Br
2a-¢ cR=Ph 6a-c

Scheme 4: Synthesis of compleXasc
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Figure 4. Ortep view of complex 6a. Hydrogen atoms have been omitted for clarity.
Thermal ellipsoids are drawn at the 50% probability level. Selected distances (A) and
angles (°): Ni1-N1 1.971(3), Ni1-01 1.921(3), Ni1-Br1 2.371(1), Ni1-P2 2.321(1), P1-
N1 1.616(4), 01-C2 1.314(5); 01-Ni1-N1 99.4(1), N1-Ni1-Brl 127.8(1), Br1-Nil-P2

Complexesba-c were isolated as blue solids which precipi- 102.25(4), Ni1-N1-P1113.7(2), 01-Ni1-P2 95.6(1).

tated from the reaction mixture. These complexeewbar-
acterized by elemental analysis, since we wereabt# de-
spite several attempts to grow single crystals. glem5c
exhibits a magnetic moment in solution of 3.4(3)
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Figure 3. Ortep view of complex 4b-THF. Hydrogen atoms and non-coordinated THF
molecules have been omitted for clarity. Thermal ellipsoids are drawn at the 50%
probability level. Exchange between Br and Cl anions is observed for the
coordinated halides, probably due to traces of KCl from the deprotonation step.
Selected distances (A) and angles (°): Ni1-N1 1.981(3), Ni1-O1 1.975(2), Ni1-Brl
2.4020(8), Ni1-Br2 2.381(2), Li1-01 1.930(7), Li1-O2 2.006(7), Li1-O3 1.945(7), Lil-
04 1.917(7), N1-P1 1.607(3), 01-C2 1.338(4); O1-Ni1-N1 98.9 (1), N1-Nil1-Br2
108.69(8), N1-Ni1-Br1 111.73(8), Li1-01-Ni1 116.7(2).

In order to study the influence of the nuclearity the cata-

lytic performances, we also prepared monometatimmex-
es by introducing one equivalent of triphenylphasphafter

the formation of adduct8a-c has been ascertained by

31p{’H} NMR spectroscopy (Scheme 4). Complex@sc
were isolated as paramagnetic green complexes n(dug

This was confirmed by the X-ray analysis of singigstals of6a
which were obtained by slow diffusion of petrolewther onto
THF solution of the complex at -40°C. An Ortep viefwwomplex
6a is presented Figure 4. The complex adopts a ttrah ge-
ometry, the Ni1l-Brl, Nil-N1, and Nil-P1 bonds acenparable
to those observed ida, while the Ni1-O1 bond is significantly
shorter 1.921(3) As 1.954(2) A inda, which is explained by the
non bridging position of the oxygen Ga.

To test a monomeric nickel complex having no phospligand,
we prepared a tridentate ligand featuring an aalthdi amine
group.The synthesis of the proligaid is similar to that de-
scribed for2a-c except that the Kirsanov reaction is conducted
without addition of an extra base. Indeed, the doined is
trapped by the anilino group to give the dicatiodierivative
(Scheme 5) which is directly deprotected using gaseHCI
leading to2d.
1) Bra

®B c
2) @r DKHMDS  _~_d
(2 equiv.)
HN  NH, PPh2 2) NiBr,(OME) § PPh
> 1l e

PPh,——————= OHHN

CH,Cl,, o N f
OPG -78°Cto'rt. N ]@
3) HCI(g), .0 B g

Br H, h

2d 3d

Scheme 5: Synthesis of complék



Table 1 Ethylene oligomerization with complexes 3-6°

Entry Complex Co- Al/Ni Reaction TOF x10° %C, (%1-G) (%1-G)
catalyst Time (h) mol(C,H,)/mol(Ni)/h°
1 [NiBr,(OME)] MAO 300 0.5 15.0 94.0 (85) 7
2 [NiBry(DME)]  ELAICI 225 1 20,7 98.0 (78.2) 2.0
3 3b MAO 300 1 20.1 98.1 (79.1) 1.9
4 3b ELAICI 225 1 36.9 98.4 (73.4) 1.6
5 3a ELAICI 225 1 39.6 98.2 (74.3) 1.8
6 3c ELAICI 225 1 68.1 98.2 (59.8) 1.8
7 3c ELAICI 225 0.5 67.5 97.9 (44.0) 2.1
8 3c ELAICI 45 1 72.1 97.0 (48.1) 3.0
9 3d ELAICI 225 1 41.2 97.0 (55.6) 3.0
10 4a ELAICI 225 1 23.7 97.6 (73.1) 2.4
11 4b ELAICI 225 1 30.3 98.4 (78.1) 1.6
12 4c ELAICI 225 1 17.0 98.1 (82.7) 1.9
13 5a ELAICI 225 1 18.5 98.7 (85.9) 1.3
14 5b ELAICI 225 1 28.9 98.5 (82.4) 15
15 5¢ ELAICI 225 1 7.3 98.7 (93.5) 1.3
16 6a ELAICI 225 1 13.9 99.6 (41.6) 0.6
17 6b ELAICI 225 1 14.5 99.4(48.9) 0.6
18 6C ELAICI 225 1 15.8 99.0 (55.6) 1.0

3Conditions: T = 25 °C, 30 bar,H,, 1h, 8pmol Ni complex, solvent: toluene (20 miLOF = mol ethylene consumed per mol of Ni
h?, TOF and selectivities are determined by GC chtography, using heptane as internal referengeafount of olefin with n carbon
atoms in the oligomers-C,, amount of terminal alkene in the €action; as determined by quantitative Gt Other isomers of hexene

are formed

Its deprotonation with three equivalents of KHMDS® THF is
monitored by*'P{*H} NMR showing the disappearance of the
singlet at 39 ppm corresponding to the aminophasijpine group
and the appearance of a singlet at 15 ppm for tidentate
iminophosphorane ligand which was not isolated. r@oation
was realized by adding one equivalent of [N{BME)] to the
reaction mixture giving a red solution and showi@signal by
31p{!H} NMR spectroscopy. After workup3d was isolated in
73% yield as a red solid. Its solution magnetic ranhwas meas-
ured at 3.1(1)g in agreement with a paramagnetic complex that
might be tetrahedradl. However no single crystal was obtained
precluding the determination of its crystal struefuve observed
that THF or dichloromethane solution of this compfiedes with-

in days or weeks.

The nickel complexe8-6°2 have been evaluated and compared in
the catalytic ethylene oligomerization. Results geghered in
Table 1. Reactions were performed in toluene aC2&ider 30
bar of ethylene.

First experiments were done with3b and MAO
(methylaluminoxane) as co-catalyst, neverthelessfoued that
ELAICI gave better results, especially higher adjivitvith a
much lower Al/Ni ratio (entries 3 and 4). Therefca# other
experiments were carried out with this co-catallyst. the sake of
comparison, the performances of the nickel precuese also
indicated (entries 1-2§. All the complexes are active and selec-
tive for the formation of butene with satisfying high activities

(TOF up to 72000 mol(sH,4)/mol(Ni)/h) and good selectivities
(more than 97% of §. These performances outstrip those of the
nickel precursor. No trace of polymer nor oligomeigher than

Cs was detected. Within the series of synthesizekiehicomplex-

es, for a given ligand, the best activities areeobsd with the
NiK adduct. The presence of a strong coordinatiggnd such as
PPh in the coordination sphere of the nickel dramdiiia@educes
the productivity?®

The activity increases when the coordinating abéftthe auxilia-

ry ligand decreases, which is probably explainecalyetter ac-
cessibility of the metal center. Within the seésdducts3, best
TOF was observed fd@c which bears a phenyl substituent on the
nitrogen, which is therefore the less electron rich
iminophosphorane. For this catalyst, a shorter exmat was
conducted (entry 7), leading to similar performanseggesting a
good stability of the active catalyst in the reastmedium. More-
over, using more aluminium co-catalyst did not haubstantial
effect on the catalytic ability (68x10 to 72x16
mol(C,H,)/mol(Ni)/h). 3d, which features an aromatic substituent
on the nitrogen atom, and does not contain potasbiut an extra
amine ligand which brings electron density to thetah has an
activity similar to alkyl-substituted adducBa-b (entry 9). The
selectivity ina-olefin varies greatly within the series and isatel
ed to the ability of the catalyst to isomerize i-dlefin2* Best
selectivities in 1-G were observed for NiLi and NiAl complexes
(more than 70% and up to 93.5% fm), whereas the less selec-



tive catalysts are those incorporating a suppleangrtoordinat-
ing ligand such a6 and3d. From these results it clearly appears
that the nature of the extra ligand influences tla¢ure of the
active species since both activities and selemi/iire modified.

Contrary to most (N,O) nickel complexes describedhie litera-
ture, which are ethylene polymerization catalydtese complex-
es selectively dimerize ethylene. Compared to thaugein’s
systems presented in Figure 1, higher proportionl-&f, was
formed. Results are roughly similar to those olgdiwith phenyl
ether-pyrazolyl nickel complexes, nevertheless Iditéer were
only tested over 20 min. In term of selectivity, wbserved a
higher proportion of €

Therefore, the introduction of an iminophosphorgneup seems
to have a beneficial influence on the catalyticahaébr. Moreover
compared to other iminophosphorane dimerizatioalgsts, this
series based on a phenoxide-iminophosphorane atisaciare
more active than the nickel complexes featuringyedme or
oxazoline combined to an iminophosphorane, desttilyeSteph-
an and coworker¥® % put less efficient than phosphine-
iminophosphorane nickel complexes.

Conclusions

A series of nickel complexes featuring phenoxide-
iminophosphorane ligands was prepared. The synthethodol-
ogy based on the Kirsanov reaction allowed theoéhiction of
alkyl, and aryl substituents on the N atom as aslthe introduc-
tion of a supplementary amine donor group to givieidentate
ligand. Coordination of bidentate ligands affordahetallic NiK,
NiLi, NiAl adducts, whereas monometallic complexgsre ob-
tained in presence of an extra L donor. These ocexegl are
paramagnetic and were characterized by elemenéysas and in
some cases by X-ray diffraction experiments, evitdena tetra-
hedral nickel center. All these precursoB6] were shown to
catalyze the selective dimerization of ethylenenggtAICI as
co-catalyst. Their performances (activity and d@ldg) vary
greatly with the substituent and the auxiliary tigabest produc-
tivity being observed for the NiK complexdc (72x1CG
mol(C,H,4)/mol(Ni)/h) and better selectivity for the serigscom-
plex 5. These performances compare favorably with otlieeh
complexes featuring (N,O) ligands, which motivatédther
studies on iminophosphorane catalysts.

Experimental Section
Synthesis

All experiments, unless otherwise stated, wereqoeréd under
an atmosphere of dry nitrogen or argon using stahdahlenk
and glove box techniques. Solvents were taken ttlirf'om a-M-
Braun MB-SPS 800 Solvent Purification MachineO-
diphenylphosphinophendf, [NiBr,(DME)]?® were prepared
according to the literature. We used methylalumamex (10% wt
in toluene), diethylaluminum chloride (0.9 M in wehe), and
ethylene (N25 grade). All reagents and chemicalevebtained
commercially and used without further purification.

Nuclear magnetic resonance spectra were recordesl Awance
300 spectrometer operating at 300 MHzdr 75.5 MHz for*C

ences for'H and®*C chemical shifts (ppm§P{*H} are relative
to a 85% HPO, external reference. Coupling constant are ex-
pressed in hertz. The following abbreviations aedu br, broad;
s, singlet; d, doublet; dd, doublet of doubletdriplet; m, multi-
ple; v, virtual. The labeling used is indicatedSocheme 5. Ele-
mental analyses were performed by the Elementdysinaervice
of the London Metropolitan University (United Kingih). Analy-
sis of the reaction mixture obtained after the lgéitarun was
performed by GC using a PR 2100 gas chromatogrgpipged
with a HP PONA column (50 m x 0.2 mm x 0.5 pm)jstficali-
brated with authentic samples (except in the cdseutene for
which calibration was based upon the response rfaston-
pentane).

Synthesis of 2a-c. Br, (200pL, 3.883 mmol) was added dropwise
to a solution of the protected phosphinophenol 4168@®, 3.883
mmol) in CHCI, (38 mL) at -78°C under nitrogen. The cold bath
was removed and stirring was continued for 45 neéisit room
temperature. The obtained suspension was thenccagi@n to -
78°C and DABCO (218 mg, 1.942 mmol) was addedo¥edid by
the addition of the primary amine (3.883 mmol, liieq. Stirring
was continued overnight at room temperature to gvehite
suspension. Dichloromethane was evaporated anesidue was
taken in THF (50 mL). After removal of DABCO salig centrif-
ugation, the solvent was evaporated in vacuum,ngivivhite
solids. The products were solubilized in £ (15 mL) and
verified in **P{*H} NMR spectrum. The solution was then satu-
rated with gaseous HCI. After 15 minutes of stgrim cloudy
pale yellow solution has formed.

For 2a, the reaction mixture was washed with water (2ril0.
After drying the organic phase on Mgg@ichloromethane was
removed. THF (5 mL) was then added, the mixture seascated
for few minutes. Filtration and washing with pergafi0 mL)
yielded a white powdera (0.87 g, 2.2 mmol, 57%P{*H}
NMR (CDCk): 6 35.2 (sP"); *H NMR (CDCk): 6 7.96 (1H, ddd,
83, 4=7.5 Hz, *}=2.0 Hz, “%,=5.5 Hz, H), 7.75 (4H, dd,
33,4=7.5 Hz,%J =13.0 Hz,0-CH(PPh)), 7.70 (2H, vt3},,=7.5
Hz, p-CH(PPh)), 7.58 (4H, vtd,2}y =0’ =7.5 Hz,*} ,=2.5
Hz, m-CH(PPh)), 7.41 (1H, vtd33y 1= 3y 4 =7.5 Hz,*}, 4= 3.0
Hz, H,), 6.80 (2H, m, | Hy), 4.94 (1H, s, M), 1.15 (9H, s,
CH); ®C{*H} NMR (CDCls): ¢ 161.6 (d,Jp=2.0 Hz, @),
136.7 (d,"Jo =1.5 Hz,Cy), 134.8 (d,"Jo,=3.0 Hz,p-CH(PPh)),
134.0 (d,%Jp =11.4 Hz,0-CH(PPh)), 132.1 (d,%J =10.5 Hz,
Cy), 129.8 (d,%Jp =13.5 Hz,m-CH(PPh)), 128.8 (d,*} =12.4
Hz, Cy), 122.7 (d, '} =101.8 Hz, CV(PPh)), 120.2 (d,
3} =13.9 Hz,Cy, 107.1 (d,' =107.3 Hz, BY), 55.8 (d,
2Jp =4.8 Hz,CV(CHa)s), 32.1 (d3Jp =4.4 Hz,CH3)

2b-2c were obtained after evaporation of dichloromethand
HCI and solubilization of the residue in THF (20 yndiving a

yellow slurry. The white solid was separated bytgrgation,
washed again with THF (5 mL) and dried in vacuum.

2b (1.24 g, 2.8 mmol, 72%¥P{*H} NMR (CDCl,): J 36.4 (s,
PY); *H NMR (CDCL): 6 8. 15 (s, b, ®), 8.02 (1H, dd®},,=7.5
Hz, “3,76.5 Hz, H), 7.80 (4H, ddd®},=7.5 Hz,*3,4,=1.0 Hz,
%) =13.5 Hz,0-CH(PPh)), 7.75 (2H, vit,%},=7.5 Hz,*J =
1.0 Hz,p-CH(PPh)), 7.62 (4H, vtd®}, =3 i=7.5 Hz,*J ,=3.0

and 121.5 MHz fof'P. Solvent peaks were used as internal refer- Hz, mCH(PPh)), 7.46 (1H, Vtd 3 4= 200 =7.5 HZ, 3 4= 2.0

Hz, H,), 6.88 (2H, mH. Hy), 4.96 (1H, d2%,=2.0 Hz, NH),



1.46 (2H, s, ©), 1.19 (9H, s, , B3); **C{*H} NMR (CDCl,): ¢
161.4 (d,23 =2.0 Hz, @V), 136.7 (d,*J =2.0 Hz,Cp), 134.8
(d, *3=3.0 Hz, p-CH(PPR)), 133.9 (d, b =11.5 Hz, o-
CH(PPh)), 132.4 (d,**J =11.0 Hz,Cy0), 129.8 (d,’Jp =12.0
Hz, m-CH(PPh)), 122.7(d, “J» =102.0 Hz,C"(PPh)), 120.3 (d,
2R3, =13.5 Hz, Cyg), 119.4 (d,%Jp 7.4 Hz, C,), 107.2 (d,
19 =106.3 Hz, BY), 55.8 (d,%p=5.0 Hz, CH,), 53.5 (s,
CY(CHa)s), 32.1 (d2Jp =4.3 Hz,CHy).

2¢ (1.35 g, 3.01 mmol, 78%}P{*H} NMR (CDCl,): § 39.9 (s,
PY); 'H NMR (CDCW): 6 7.97 (1H, ddd®}, ;= 6.5 Hz,*J, 4= 1.0
Hz,*Jp = 8.5 Hz, H), 7.68 (2H, vtt33,,,=7.5 Hz,Jy 4= 1.0 Hz,
p-CH(PPh)), 7.66 (4H, ddd,%},4=7.5 Hz, “},4=1.0 Hz,
%) =14.0 Hz,0-CH(PPh)), 7.54 (4H, vtd 2}, =3 'y 1=7.5 Hz,
43 =3.0 Hz, mCH(PPh)), 7.54 (1H, m,H,), 7.10 (2H, vt
33 5=uy=7.5 Hz,mCH(NPh)), 7.02 (1H, vtdJy = 30y =
6.5 Hz, ‘3 = 1.0 Hz, H), 7.00 (IH, t,%},= 7.5 Hz, p-
CH(PPh)), 6.93 (1H, ddd®J, 4= 6.5 Hz,*34 ;= 1.0 Hz,*)% .= 3.5
Hz, Hy), 6.85 (2H, d3J, = 7.5 Hz,0-CH(NPh)); *C{*H} NMR
(CDCly): 6 161.8 (d,2Jp =2.5 Hz, aC"), 137.8 (d,2%p=3.0 Hz,
C"Y(NPh)), 137.6 (dJp =2.0 Hz,Cp), 135.2 (d,*J =3.0 Hz,p-
CH(PPh)), 133.8 (d,%Jp=11.5 Hz, 0-CH(PPh)), 133.1 (d,
%) =10.5 Hz,C,), 130.0 (d,*Jp =13.6 Hz,m-CH(PPh)), 129.6
(s,mCH(NPh)), 124.5 (sp-CH(NPh)), 121.6 (dJp <=6.0 Hz,0-
CH(NPh)), 120.6 (d%Jp =14.0 Hz,C,), 120.3 (d,}Jp =104.0 Hz,
CV(PPh)), 119.5 (dJp =7.5 Hz,Cy), 105.9 (d,'Jp =105.0 Hz,
PClv)_

Synthesis of 2d. Br, (20QuL, 3.883 mmol) was added dropwise to

a solution of the protected phosphinophenol (1303 1883

mmol) in CHCl, (38mL) at -78°C under nitrogen. The cold bath

was removed and stirring was continued for 45 n@isiEt room
temperature. The obtained suspension was thenccagi@n to -
78°C and o-phenylenediamine (420 mg, 3.883 mmo} added.
Stirring was continued overnight at room tempemtir give a
pale yellow slurry. Dichloromethane was evaporatetl the
residue was washed with THF (2x10 mL), giving atertsiolid,
which was dissolved in Ci€l, (15 mL), and verified irf*P{*H}
NMR spectrum. The solution was then saturated \gakeous
HCI. After 15 minutes of stirring, a cloudy palellpes solution
has formed. Dichloromethane and HCIl were evaporalét:
residue was taken in THF (20 mL) giving a yellowrs}. The
white solid was separated by centrifugation, washgain with
THF (5 mL) and dried in vacuum (1.95 g, 3.56 mn3@%).
S1p{IH} NMR (MeOD-d,): § 39.0 (s);'H NMR (MeOD-d): &
7.93 (4H, ddd,*34=7.5 Hz, “}=1.0 Hz, %% =14.0 Hz,o-
CH(PPh)), 7.85 (2H, ttd3,,=8.0 Hz,*}y = 1.0 Hz,%%,=2.0
Hz, p-CH(PPh)), 7.79 (1H, dvtd3J, = 30’4 4=8.0 Hz,*3}4 4= 1.0
Hz, %%y =1.5 Hz, H), 7.71 (4H, vid, 3}y ="0'y=7.5 Hz,
431 =4.0 Hz,m-CH(PPh)), 7.53 (1H, ddd3J,=8.0 Hz,*Jyy =
1.0 Hz,%)=15.0 Hz, H), 7.46 (1H, dvt3}, =8.0 Hz,*Jy =
1.0 Hz,*J=1.0 Hz, Hy), 7.26 (1H, vtd,*}, =Ty 1=8.0 Hz,
43,4=1.0 Hz,Hy), 7.20 (1H, vtdd3}, = 37", 4=8.0 Hz,*3} 1= 1.0
Hz, “3,£3.0 Hz,Hy), 7.15 (ddd,*3};,,=8.0 Hz,*Jy, = 1.0 Hz,
“Jp=6.0 Hz, 1H,H,), 7.15 (vid,3J,y=*0=8.0 Hz,*3;,=1.0
Hz, 1H, Hy), 6.93 (dd,%},,=8.0 Hz, *3,4=1.0 Hz, 1H,Hy);
BC{H} NMR (MeOD-d,): § 162.8 (d,%}c = 3.5 Hz,C"-0),
140.0 (d,"Jp c= 2.0 Hz,Cy), 136.8 (d/Jp c= 3.0 Hz,p-CH(PPh)),
136.3 (d2Jp =9.5 Hz,Cy), 135.4 (d?Jp c=11.5 Hz,0-CH(PPh)),

133.3 (d,%pc =1.0 Hz, PICY), 132.7 (d,%pc =14.0 Hz,m-
CH(PPR)), 130.9 (sCy), 128.4 (sCy), 127.7 (d,*Joc= 8.0 Hz,
NCY), 127.1(d,3%3c = 4.0 Hz, Cy), 126.4 (s,Cy), 122.7 (d,
33=13.5 Hz,C,), 121.6 (dJp c=106.0 Hz,C" (PPh)), 118.8 (d,
%) c= 7.5 Hz,C,), 107.8 (dJp c= 104.5 HzCV (PPh)).

Synthesis of complexes 3a-d. KHMDS (200 mg, 1 mmol and 300
mg, 1.5 mmol in the case 8f) was added into a slurry of the
phenolaminophosphonium salt (0.5 mmol) in THF (10 .mfter
30 min stirring at room temperature, the insolytéassium salts
were removed by centrifugation. [NIBDME)] (154 mg, 0.5
mmol) was added resulting immediately in a coloarghe. Stir-
ring was continued for 2h. Insoluble potassiumssalere re-
moved by centrifugation. THF was evaporated to gineproduct
as a pale solid which is washed with petroleumretheemove
traces of HMDS3a (220 mg, 0.21 mmol, 82%ale purple solid.
Anal. Calcd for GH4eBrsKN,Ni,O.P,: C, 48.35; H, 4.24; N,
2.56. Found: C, 48.82; H, 5.38; N, 2.B8. (195 mg, 0.18 mmol,
74%). pale blue solid. Anal. Calcd 46H50BrsKN,Ni,O,P,: C,
49.28; H, 4.50; N, 2.50. Found: C, 49.38; H, 4.89;2.51.3c.
(230 mg, 0.21 mmol, 84%). pale green sqligi= 3.3(1)ps Anal.
Calcd for GgHsgBrsKN,Ni,O.P,: C, 50.89; H, 3.38; N, 2.47.
Found: C, 49.22; H, 4.82; N, 2.93d (200 mg, 0.39 mmol, 78%)
deep red solidpes= 3.1(1) g Anal. Calcd for G4H,BrN,NiOP:
C, 55.22; H, 3.86; N, 5.37. Found: C, 55.15; H53N, 5.28.

Synthesis of complexes 4a-c. KHMDS (200 mg, 1 mmol) was
added into a slurry of the phenolaminophosphoniatt .5
mmol) in THF (10 mL). After 30 min stirring at rootempera-
ture, insoluble potassium salts were removed byrifegation.
[NiBr,(DME)] (154 mg, 0.5 mmol) was added resulting immed
ately in a color change. Stirring was continued Zbr insoluble
potassium salts were removed by centrifugation,laBd (44 mg,
0.5 mmol) was added. The solution changed immdgligteing a
deep blue/purple color. After 2h the reaction migtwas concen-
trated (to 0.2 mL) leading to the precipitation afcrystallized
solid, which was washed with petroleum ether toaeertraces of
HMDS. 4a. (329 mg, 0.46 mmol, 92 %Mblue purple solidpes=
3.2(1) e, Anal. Calcd for GoH37Br,LINNIOsP: C, 50.32; H, 5.21;
N, 1.96. Found: C, 49.91; H, 5.61; N, 1.8m. (300 mg, 0.42
mmol, 84%).blue solid. Anal. Calcd for £H3gBr,LINNIOsP: C,
51.00; H, 5.38; N, 1.92. Found: C, 50.76; H, 5.813;1.83.4c.
(300 mg, 0.41 mmol, 82%)green solid. Anal. Calcd for
C3,H33BrLiINNIOSP: C, 52.22; H, 4.52; N, 1.90. Found: C, 51.87;
H, 4.68; N, 1.79.

Synthesis of complexes 5a-c. KHMDS (200 mg, 1 mmol) was
added into a slurry of the phenolaminophosphoniatt .5
mmol) in THF (10 mL). After 30 min stirring at rootempera-
ture, insoluble potassium salts were removed byritegation.
[NiBr,(DME)] (154 mg, 0.5 mmol) was added resulting immed
ately in a color change. Stirring was continued 2br and the
insoluble potassium salts were removed by cenitfog. AlBr;
(134 mg, 0.5 mmol) was added. The solution chamgedediate-
ly to a deep blue/purple one. After one night stgr a dark solid
precipitated out. THF was reduced in volume (2 i _javor the
precipitation. The solid was separated by centafiom, washed
with petroleum ether to remove traces of HMDS, dliie vacu-
um. 5a (240 mg, 0.32 mmol, 64%), brown solid. Anal. Cafod
C,,H,3AIBr,NNIiOP: C, 35.06; H, 3.08; N, 1.86. Found: C, 35.15;



H, 3.12; N, 1.765b, (230 mg, 0.31 mmol, 62%prown solid.
Anal. Calcd for G3H,AIBry,NNIOP: C, 35.98; H, 3.28; N, 1.82.
Found: C, 36.08; H, 3.40; N, 1.9 (240 mg, 0.31 mmol, 62%),
brown solid.per= 3.4(1)ps. Anal. Calcd for G4H;4AIBr,NNiOP:
C, 37.26; H, 2.48; N, 1.81. Found: C, 37.33; H5218, 1.75.

Synthesis of complexes 6a-c. KHMDS (200 mg, 1 mmol) was
added into a slurry of the phenolaminophosphoniatt €.5
mmol) in THF (10 mL). After 30 min of stirring abom tempera-
ture, insoluble potassium salts (KCI) was removedéntrifuga-
tion. [NiBry(DME)] (154 mg, 0.5 mmol) was added resulting
immediately in a change of color. Stirring was aomed for 2h.
PPh (122 mg, 0.5 mmol) was added. The solution changed
mediately to a deep green one. After stirring oighm insoluble
potassium salts were removed by centrifugation. &H&F was
reduced in volume (1 mL) allowing the precipitatioha green
solid. The solid was separated by centrifugatioth washed with
petroleum ether to remove traces of HMDS, drieda@ouum.6a.
(260 mg, 0.35 mmol, 70%)green solid. Anal. Calcd fo6a
(C4oH3gBrNNIOPR,): C, 64.12; H, 5.11; N, 1.87. Found: C, 63.98;
H, 5.22; N, 1.766b. (280 mg, 0.37 mmol, 73 %). Green solid.
Her= 2.9(1)ps. Anal. Calcd foréb (C41H4BrNNIOP,): C, 64.51;
H, 5.28; N, 1.84. Found: C, 65.08; H, 4.40; N, 182 (315 mg,
0.41 mmol, 83%). green solid. Anal. Calcd for6c
(C42H34BrNNIOP,): C, 65.58; H, 4.45; N, 1.82. Found: C, 65.44;
H, 4.52; N, 1.90.

General procedurefor ethylene oligomerization

All catalytic reactions were carried out in a glasstainer placed
in a magnetically stirred stainless steel autocl#46 mL),
equipped with a pressure gauge and needle valvegjéztions.
The interior of the autoclave was protected fronr@sion by a
Teflon protective coating. A typical reaction wasrfprmed by
introducing in the reactor under nitrogen atmoseleesuspension
of the complex (8§imol) in toluene (20 mL). After injection of the
cocatalyst solution (in toluene), the reactor wasnediately
brought to the desired working pressure, and coatisly fed
with ethylene using a reserve bottle. The reacivas stopped by
closing the ethylene supply and cooling down thstesy to -
70°C. After release of residual pressure, the i@actvas
quenched by adding methanol (5 mb)heptane (1.2 mL) used as
internal standard was also introduced and the méxtas ana-
lyzed by quantitative GC.

X-ray crystallography

Data were collected at 150 K on a Bruker Kappa APEX
diffractometer using a Mo & (A=0.71069A) X-ray source and a
graphite monochromator. The crystal structure wases using
SIR 97° and ShelxI-97 or Shelxl-2023. ORTEP drawings were
made using ORTEP Il for Window.
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