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Abstract

The mononuclear bis-orthopalladated complexes [FH[{C sH4(PPB=NPh)-2}] [C*N

= (2-(pyridin-2-yl)phenyl) 3a, (2-((dimethylamino)methyl)phenyl)3b, (S)}(2-(1-
(dimethylamino)ethyl)phenylBc, (quinolin-8-ylmethyl)3d, (4-methoxy-2-((triphenyl-
A>-phosphanylidene)carbamoyl)phengt] have been synthesized as single isomers by
reaction of the corresponding chloride dimers [PG()(C"N)]. (1a1e) with the lithium
derivative [Li{CsH4(PPh=NPh)-2}] (2) in ELO. Spectroscopic data show that the two
palladated C atoms are ais disposition, which is confirmed by the X-ray sture of
3a. Oxidation of3a with PhI(OAc) affords the corresponding Pd(IV) derivative (OC-6-
32)[Pd(OACHCsH4(PPh=NPh)-2{CsH4-(2'-NCsH,)-2}] 4aalso as a single isomera
undergoes reductive elimination through C-O couplio give the dimer [Pgf
OAC){CeH4(PPh=NPHh)-2}], 5 and the ortho-acetoxylated phenylpyridinég. The

reactivity of3b-3etowards oxidants is also discussed.

Keywords: orthopalladated, C-O coupling, palladium, high dation states,

iminophosphoranes, regioselectivity



Synopsis

Transmetallation of iminophosphoranes from [LWWG(PPh=NPh)-2}], to chloride-
bridge dimers [Pd(-CI)(C*N)]. affords mixed bis-cyclopalladated complexes, which
were obtained regioselectively as cis(C,C)-isomé&smplex [Pd{GHi(PPh=NPh)-
2}HC 6H4-(2'-NGCsH4)-2)] is regioselectively oxidized to the stable(IR9 derivative
[PA(OACH{CeHs(PPR=NPh)-2}(CGHs-(2'-NCsH4)-2)] by treatment with PhI(OAg)
This compound undergoes reductive elimination, aslegy the acetoxylated

phenylpyridine and keeping the orthopalladated aphosphorane.
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Highlights

1.- Transmetallation affords mixed kogfalladated) complexes3a-3e of
iminophosphoranes

2.- cis(C,C)-configuration of these complexes wasficmed by X-ray diffraction study
3.- Bis(o-palladated) complexda was oxidized regioselectively to Pd4a with
Phl(OAc)

4.- Pd” complexda give acetoxylated C-O coupling product by reduegimination

5.- Acetoxylation is selectively produced at thepylpyridine fragment



1. Introduction

Cyclopalladated complexes are well known organolietzompounds [1], which are
experiencing a "golden age" as useful intermediateke directed functionalization of
organic molecules [2,3]. In this respect, it isliggemarkable that a huge number of
complexes containing one cyclopalladated unit pdlagium atom are known, while the
presence of bis-cyclopalladated derivatives (deffiag those containing two palladated
ligandson the samealladium atom) is underrepresented. Specificiegipbns of this
type of compounds have been their use as trandaigtgl reagents [4], in
enantioselective synthesis [5-7], or as compoundl Iquid crystal properties [8],
among others. In spite of this apparent indiffeegrims-cyclopalladated derivatives are
currently attracting a notable and renewed inteseshodel intermediate compounds in
organic synthesis involving high oxidation stat@p [This is particularly relevant in the
preparation of bis-aryl derivatives by C-C coupl[d@], and in the functionalization of
aryl compounds by C-X (X = halogen) [11], and C42] couplings. In these studies,
stable Pd(Il) compounds containing two identicaltatiated aryl fragments (mostly
robust phenylpyridine) were subjected to oxidatitin the corresponding Pd(IV)
complexes, and the subsequent C-C, C-X or C-O lhamding reactions by reductive
elimination were in-depth studied [9-12].

A class of substrates of special interest to beestdd to this methodology are
iminophosphoranes (IM). These are compounds witteigeg formula BP=NR’, where

R and R' can be alkyl, aryl, acyl, ester, vinylcgano groups (among others). The first
synthesis of IM was reported by Staudinger and Mey&919 [13], and since then they
have shown a very interesting behaviour as tunkdieds in coordination chemistry

[14]. We have recently studied several aspects aiarcyclometallated complexes of



IM [15-26], such as their use as catalysts [154)6,the regioselectivity of the Pd-
induced C-H bond activation in different sites dketIM [17,19-23], their use as
auxiliary species to promote singular bonding moafeallyl ligands [18], or their role
as intermediates in the synthesis of functional@eghnic molecules [25,26].

Aiming to expand the scope of the functionalizatwinlM, we have attempted the
synthesis of biaryl-containing IM from the intrareoular oxidative C-C coupling of
bis-cyclopalladated IM. Organic biaryl derivativdsplay interesting pharmaceutical
and biological properties [27,28]. Unfortunatelyete are not many examples of biaryl
IM. Stalke et al. showed that the lithium derivative [bHCsH4PPhBNSiIMes)], reacted
with CuCl, to yield the product of reductive elimination (8afe 1) [29], but as far as

we know, there are not other examples of similamptiags.

OEt,
1 N
Li MesSi~  PPh,
Ph—P =\ N =P —Ph _SiMe,
Ph | | Ph N
MeSi SiMes

Scheme 1Synthesis of a bis-aryl-containing .

To achieve this task, we have first performed thetresis of bis-cyclopalladated
derivatives containing, at least, one metallated 8ubsequently, we have studied the
reactivity of these complexes towards oxidantsorider to induce the expected.f

Cary coupling. In this contribution we report the obtd results in this chemistry.



2. Experimental Section

2.1. General Methods. Solvents were dried and distilled using standamatgdures
before use. All reactions were carried out undeathnosphere using standard Schlenk
techniques. Elemental analyses were carried out aonPerkin-Elmer 2400-B
microanalyser. IR spectra were recorded on a SpacttO0 Perkin Elmer FTIR
spectrophotometer with Universal Attenuated Totefl&tance accesory, which allow
the measurement of the spectra in the 4000-25bregion. MALDI-TOF mass spectra
were recorded on a Microflex spectrometer (Brukealt@hic GmBH, Bremen,
Germany). HRMS and ESI (ESI+) mass spectra wererded using a MicroToF Q,
API-Q-ToF ESI with a mass range from 20 to 300 and mass resolution 15000
(fwhm). H, *c{*H} and *'P{*H} NMR spectra were recorded using a Bruker AV300
spectrometerdin ppm, J in Hz) atH operating frequency of 300.13 MHz in CR@k
deuterated solvent. Other solvents and/or tempestere specifiedH and**C{*H}
NMR spectra were referenced to the residual solsigmal, and'P{*H} was externally
referenced to PO, (85%). Melting points were taken on a Gallenkanapiléary
melting point apparatus (model MPD 350.BM 2.5, KehiK). PhP=NPh and
Phl(OAc)y were purchased from commercial sources and usetiowti further
purification. The lithium derivative [k{0o-C¢H4sPPBNPhLJOEL (2) was prepared
following known procedures [30], as well as thetstg orthopalladated complexéa
[31], 1b [32a], 1c [32b,c],1d [33] andle[17,23].

2.2. General procedure for the synthesis of bis-ciapalladated compounds 3a-3e

A solution of [Li(o-CsH4sPPBNPh)]OEL, (2) (0.71 mmol) was in situ generated from
treatment of P#P=NPh (0.500 g, 1.42 mmol) with PhLi 1.8 M (1.1 niL98 mmol) in

20 mL EO under Ar, according to reported methods [30]. thes solution the



corresponding dinuclear Pd compoutalle(0.71 mmol) was added, and the mixture
was stirred at 25 °C for 3 h. The resulting yelkwgpension was evaporated to dryness,
and the residue was extracted with LCH (2x25 mL). The obtained suspension was
filtered over celite, the solid was discarded am&lresulting solution was evaporated to
dryness. The oily residue was treated withCE{15 mL) and continuous stirring,
affording complexesa-3eas bright yellow solids, which were filtered, wadhwith
additional E2O (3x10 mL) and air-dried.

2.3. Synthesis of [Pd(gH4(PPh,=NPh)-2)(CsHs-(2'-NCsH,)-2)] 3a

H5|| H5

Yield: 0.405 g (46.5 %)H NMR (CDCk, 300.13 MHz),64 = 6.69-6.74 (m, 2H, K
NPh + H, py), 6.88-7.04 (m, 6H, ki+ H,, NPh + H + H3, PGH,), 7.07 (td, 1H, B,
CeHa, 3Jun = 7.5,%34n = 0.8), 7.17 (td, 1H, K, CeHa, 33un = 7.3,%0n = 1.1), 7.36-7.44
(m, 5H, H5, PGHs + Hm, PPh), 7.50-7.60 (m, 4H, K, py + H, CeHa + H,, PPh),
7.64-7.72 (m, 5H, H, py + H,, PPh), 7.77 (d, 1H, B, CsHa, 334y = 7.5), 7.86 (d, 1H,
He, PY, 2Jun = 6.2), 8.12 (d, 1H, & PGH., 33 = 7.6).2°C{*H} NMR (CDCls, 75.47
MHz), 8¢ = 117.88 (s, &, py), 120.10 (s, &, py), 120.84 (s, & NPh), 122.28 (d, £
CeHa, *Jpc = 14.7), 123.27, 123.14 (s4Cpy + G, CeHa), 126.50 (d, & NPh,%Jpc =
10.7), 128.08 (s, & NPh), 128.22 (d, £ CsHa, 2Joc = 20.9, + overlapped G, CsHa),

128.61 (d, G, PPh, 3Jc = 11.7), 129.31 (s, £, CsHa), 129.89 (d, § PPh, Jpc =



87.6), 129.98 (d, & CoHa, “Joc = 3.3), 132.07 (d, & PPh, “Joc = 2.7), 133.39 (d, &
PPh, %Jpc = 9.7), 137.45 (s, £ py), 138.60 (s, &, CeHa), 139.64 (d, G CoHa, *Jpc =

15.9), 144.58 (d, & CsHa, “Jpc = 144.7), 149.62 (s, & py), 146.83 (s, &, CsHa),

149.46 (d, § Ph,%Jpc = 3.2), 161.44 (d, G, CeHa, “Joc = 1.7), 164.58 (s, & py),

170.40 (d, G CsHa, 2Joc = 20.2).3'P{*H} NMR (CDCls, 121.49 MHz),5p = 28.70.
Anal. Calc for [GsH27N2PPd]: C, 68.58; H, 4.44; N, 4.57. Found: C, 681954.20; N,
4.24. IR ¢, cm?) = 1262v(p=n). MS (MALDI +) m/z 612 (30 %) [M]. M. p. 249—250
°C (dec).

2.4. Synthesis of [Pd(6H4(PPh,=NPh)-2)(CsH4CH>,NMe,-2)] 3b

H5' H5
H4' HBI HG H4
HSI H3
Pd
y \ ép\/Ph
N N Ph
Mez \
3b Ph

Yield: 0.526 g (62.5 %)*H NMR (CDCk, 300.13 MHz)5y = 2.01 (s, 6H, NMg), 3.66
(s, 2H, CH), 6.67-6.71 (m, 1H, (§H4)’), 6.77 (ddd, 1H, B, PGHa, 3Jp = 10.6,%3 =
7.5,%% = 1.4), 6.85-6.96 (M, 8H, jt+ Hy + Ho, NPh + H, PGiH, + 2H, (GHa)'), 7.20
(tt, 1H, Hs, PGHa, 33n = 7.4,%%y = 1.6), 7.32 (m, 4H, | PPh), 7.41-7.46 (m, 3H,
1H, (GsHs)' + Hp, PPh), 7.57 (m, 4H, BB, PPh), 7.86 (dd, 1H, & PGHg, 3y = 7.2,
“Jan = 1.7).2°C{*H} NMR (CDCls, 75.47 MHz) 8¢ = 49.34 (s, NM§), 72.16 (s, Ch),
120.97 (d, €, (CeHa)', “Joc = 3.0), 121.74 (s, NPh), 122.15 (dy, @GsHg, *Jpc = 14.4),
122.50 (s, NPh), 125.40 (s, ¢)"), 127.97 (d, G, NPh,3J¢c = 9.0), 128.17 (s,
(CeHa)"), 128.40 (d, G, PPh, Jpc = 11.6, + overlapped {£PGH.), 130.01 (d, §

PCsHa, “Jpc = 3.3), 130.27 (G PPh, “Joc = 87.9), 131.32 (d, & PPh, “Jc = 2.7),



133.45 (d, G, PPh, 2Joc = 9.4), 138.50 (s, (Fa)’), 140.47 (d, G, PGHa, 3Jpc = 15.7),
142.63 (d, G, PGsHa, “Joc = 132.6), 148.05 (s, 4 (CeHa)"), 149.87 (d, G Ph,%Jpc =
5.0), 158.08 (s, G (CsHa)), 167.40 (d, G, PGHa, 2Jpc = 19.8).3'P{*H} NMR (CDCl;,
121.49 MHz),8p = 29.40. Anal. Calc for [§HsiN-PPd]: C, 66.84; H, 5.27; N, 4.72.
Found: C, 66.49; H, 5.42; N, 4.85. IR, €m™) = 1257 {p=y). MS (MALDI +) m/z 592
(40 %) [M]". M. p. 201203 °C (dec).

2.5. Synthesis of [Pd(6H4(PPh,=NPh)-2)((S)-CsH4sCHMeNMe,-2)] 3¢

H5' H5
H4' HGI H6 H4
H3l HS
Pd _Ph
2P
Me N N Ph
M62 \

Yield: 0.420 g (48.9 %)"H NMR (CDChk, 300.13 MHz)3y = 1.62 (d, 3H, CHMe Juy

= 6.5), 1.98 (s, 3H, NM#, 2.28 (s, 3H, NMg, 3.66 (g, 1H, CH}y = 6.5), 6.75 (td,
1H, (GHa)', 3Jn = 7.0,%n = 1.6), 6.77-6.83 (m, 1H, HPGH.,), 6.88-7.03 (m, 8H,
Hm + Hy + Ho, NPh + H, PGHy + 2H, (GHJ)"), 7.29 (tt, 1H, B, PGHa, *Jw = 7.4,
*Jun = 1.6), 7.33-7.43 (M, 7H, i PPh + H,, PPh + 1H, (GHa)), 7.77 (m, 4H, H,
PPh), 7.97 (dd, 1H, | PGHa, *Jun = 7.8,%%n = 1.1).3'P{*H} NMR (CDCls, 121.49
MHz), ép = 26.67. Anal. Calc for [&H33N.PPd]: C, 67.27; H, 5.48; N, 4.61. Found: C,
66.90; H, 5.29; N, 4.48. IRv( cm') = 1274 ¥p=n). MS (MALDI+) m/z: 606 (25 %)

[M]*. M. p. 208-210 °C (dec).
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2.6. Synthesis of [Pd(gH4(PPh,=NPh)-2)(CsHeN-8-CH>)] 3d

3d
Yield: 0.425 g (50.0 %)‘H NMR (CDCk, 300.13 MHz) 3y = 3.89 (br, CH), 6.37-6.53
(m, 5H, NPh), 6.66 (t, 1H, HPGHs, >3y = 7.2), 7.01 (d, 1H, & PGHa, %3y = 7.5),
7.24 (t, 1H, H, PGHa, %3an = 7.5), 7.42-7.79 (m, 15H, 5H,086N + Hr + Hy + Ho,
PPh), 8.27 (d, 1H, K PGHa, 33n = 7.4), 8.98 (br, H, CoHeN). *'P{*H} NMR
(CDCl3, 121.49 MHz)6p = 27.47. Anal. Calc for [&H27/N.PPd]: C, 67.95; H, 4.53; N,
4.66. Found: C, 67.83; H, 4.27; N, 4.44. R ¢m") = 1266 {p=n). MS (MALDI+) m/z
600 (35 %) [M]. M. p. 142-144 °C (dec).
2.7. Synthesis of [Pd(eH4(PPh=NPh)-2)(CsH3s-OMe-4-(C(O)N=PPhs)-2)] 3e

Hs' Hs

MeO He' Hg H,

Hg' Ha

0] Tll N Ph
PhsP Ph
3e

Yield: 0.492 g, 40.0 %'*H NMR (CDCk, 300.13 MHz) 8y = 3.86 (s, 3H, OMe), 6.24
(t, 2H, Hn, NPh,%Jy = 7.7), 6.38 (t, 1H, |} NPh,%J = 7.2), 6.71 (d, 2H, & NPh,

3Juu = 8.0), 6.84-6.97 (m, 3H, 1H, §83)' + 2H, GH.), 7.25-7.31 (m, 5H, 1H, ¢El, +

11



Hm, PPh), 7.40-7.47 (m, 8H, §} PPh + Hy, PPh), 7.53-7.74 (m, 15H 2H, (GHa)',
3H,, PPh+ 6H,, PPl + 4H, H, PPh), 8.04 (dd, 1H, ks CsHa, 3 = 7.5,%0 = 2.0).
31pf'H} NMR (CDCls, 121.49 MHz),8p = 19.66 (PP}, 24.18 (C(O)N=PP}. Anal.
Calc for [GoHaoN20.P-Pd]: C, 69.09; H, 4.64; N, 3.22. Found: C, 69.51;4:27; N,
3.05. IR ¢, cmi®) = 1590 Yc=0), 1284 (p=n). MS (MALDI +): m/z 868 (20 %) [M].
M. p. 198-200 °C (dec).

2.8. Synthesis of (OC-6-32)[Pd(OAGCeH 4(PPh=NPh)-2){CsH4-(2"-NCsH.)-2}] 4a

4a

Phl(OAc) (109 mg, 0.326 mmol) was added to a solutioBapf200 mg, 0.326 mmol)
in 10 mL of CHCI, at room temperature, and the resulting solution stiaged for 1 h.
During this time the color of the solution chandeaim yellow to orange. After the
reaction time, the solvent was removed under retipcessure to small volume (1 mL)
and EtO (4 mL) was added. Further stirring produced themftion of an orange-
yellowish solid4a, which was filtered, washed with more,@t(4 mL) and dried in
vacuo. Complex4a was recrystallized from CiEl,/Et,O affording 4a0.5CH.CI,
which was used for analytical and spectroscopip@sgs. CompleRa has to be stored
under Ar at -18C.

Yield: 200 mg (83 %)'H NMR (CD.Cl,, 300.13 MHz, 253 K)§1 = 1.81 (3H, s, OAC),

1.84 (3H, s, OAC), 5.65 (br, 2H,oHNPh), 6.41 (br, 2H, K NPh), 6.54 (1H, 33 =

12



7.4, H, CsHa), 6.70 (1H, t334y = 7.4, B, NPh), 6.9-7.1 (3H, m, Hpy + Hs» CeHa+

He PCGsHa), 7.1-7.4 (7TH, m, bt CgHa + Hs CsHaP + Ho py, Hn PPh), 7.4-7.8 (9H, m,
Hz py + Hs CeH4P + Hy» CeHy + Ho + Hy PPB), 8.12 (d, 1H, K, CeHaP, iy = 8.0),
8.94 (d, 1H, K, py, *Jun = 4.2).°C{*H} NMR (CDCl,, 75.47 MHz, 253 K)jc = 24.9
(CHs), 115.9 (G-, CsHg), 117.7 (G, PPh), 122.3 (G, py), 125.1 (G, NPh), 125.3 (¢
PPh), 125.6 (G- CeHa), 126.2 (G CsH4P), 127.3 (G NPh), 128.4 (& PPh), 128.7
(C2 py), 129.2 (G CsHa), 130.1 (G CsH4P), 130.3 (GNPh), 132.2 (€ CeH4P), 133.1
(Cs CsHaP), 133.5 (G CeHa), 133.7 (G CsH4P), 138.1 (G py), 142.3(G- CeHa), 149.2
(Cs py), 155.9 (G- CeHa), 156.3 (G NPh), 157.8 (€ py), 158.1 (GPPh), 166.9 (G
CsH4P), 175.0 (COO)*'P{*H} NMR (CD-Cl,, 121.49 MHz, 253 K)3p = 59.06. Anal.
Calc for [GgH33N204PPd]0.5CHCI,: C, 61.33; H, 4.43; N, 3.62. Found: C, 61.68; H,
4.19; N, 3.53. IR\, cm?) = 1616V4(CO,), 1357v{(CO,), 1295V(p=r). HRMS (ESI-
TOF) m/z [M-OAc]® calc for G/HsN,O,PPd 671.1080, found 671.1126; [M-
20Ac+OCH]" calc for GgH3zN,OPPd 643.1131, found 643.1137.

2.9. X-ray crystallography. X-ray data collection oBa was performed on an Oxford
Diffraction Xcalibur2 diffractometer using graphiteonocromated Mo-K radiation
(A= 0.71073 A). A single crystal &a was mounted at the end of a quartz fiber in a
random orientation, covered with perfluorinated anld placed under a cold stream of
N2 gas. A hemisphere of data was collected basedognan or@-scan runs. The
diffraction frames were integrated using the progr&rysAlisRED [34] and the
integrated intensities were corrected for absonpticth SADABS [35]. The structure
was solved and developed by Patterson and Foum¢hads [36]. All non-H atoms
were refined with anisotropic displacement paramnset€éhe H atoms were placed at

idealized positions and treated as riding atomshBEh atom was assigned an isotropic

13



displacement parameter equal to 1.2 times the elgunt isotropic displacement
parameter of its parent atom. The structure waseefto k> and all reflections were

used in the least-squares calculations [37].

3. Results and Discussion

With notable exceptions [38], the synthesis of dyislopalladated complexes usually
involves a transmetallation step of the metalldigand from highly charged lithium,
sodium or magnesium derivatives to an electropipditadium center [39]. Due to the
easy availability of lithium phosphinimine compléki,(0-CsH4sPPBNPh)]OEL, (2)
[30,40], the synthesis of the bis-cyclometallatedvtives3a-3ehas been perfomed by
reaction of ) with the neutral Pddimers [Pdg-Cl)(C"N)], 1a-1e[C*N = 2-(pyridin-
2-yphenyl 1la, 2-((dimethylamino)methyl)phenyllb, (S)2-(1-(dimethylamino)-
ethyl)phenyllc, quinolin-8-ylmethylld, 4-methoxy-2-((triphenyk>-phosphanylidene)-
carbamoyl)phenyllg as shown in Scheme 2. In tur) (vas prepared by reaction of
PhsP=NPh with excess of PhLi (1:1.4 molar ratio) in,@&t following reported
procedures [30]. Different classical C,N-cyclopddted ligands have been selected as
ancillary groups in the starting materidla-le to provide a wide array of different
electronic and steric environments, from the etectich pyridine-containing ligantla

to the electron-poor keto-stabilized I¥e In all studied cases the workup of the
reaction is very simple, and allows the synthebisomplexes3a-3eas air-stable bright

yellow solids in moderate yields.

14



I f’h
=N N <
Cl PhP =N, Nspph, N N
N\ / Li N /N
- \ . Et,0 P PPh,
U Li 25°C
2 OEt,
1a-e 2 3a-e
- | _ ]
Me, r e ]
\ cl a | [Mes N ¢
N7 AN A RN
Pd Pd Pd
N AN
| 2 2L A2
1a 1b 1c
PPhy  _
>
@) N\ /CI\
= | Pd
N\ /CI A
Pd\ N
2 | MeO 12
1d 1e

Scheme 2Synthesis of bis-cyclopalladated compleas3e

The characterization oBa-3e has been accomplished through their analytic and
spectroscopic data. The elemental analyses andspasta (MALDI+) of3a-3eare in
good agreement with the stoichiometries propose&itheme 2. The IR spectra3#-3e
show a strong absorption due to the P=N stretd262 @3a), 1257 @8b), 1274 Bc) and
1266 @d) cm*, respectively. The position of this band is shifte low energy with
respect to that found in the free iminophosphorBhg®=NPh (1310 cf), this fact
strongly suggesting the N-bonding to the Pd centethe case oBe two absorption
bands (1309 and 1284 &nassigned to the two P=N moieties present in thesire

are again different from those found the free irpimasphoranes (1330 and 1310tm

respectively). Moreover, the IR spectrum3afalso shows a strong band at 1590%¢m
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assigned to the carbonyl streteBo, which appears at a wavenumber similar to that
found in other keto-stabilized N-bonded IM [17,23].

The *'P{*H} NMR spectra of3a-3d show a single peak &t= 28.70 8a), 29.40 8b),
26.67 Bc) and 27.47 3d) ppm, respectively, which is downfield shifted viespect to
the free iminophosphorané € 3.00 ppm), in keeping with the N-bonding to the
atom. On the other hand, tAf#®{*H} NMR of 3e showed two signals at= 19.66 and
24.18 ppm. The first one is assigned to the kedbHsted iminophosphorane ligand
while the second one is due to the semi-stabilin@idophosphorane. In all studied
cases, the presence of a single set of signalssshmat3a-3e have been obtained as
single isomers, this meaning that the reactionstgitace with full regioselectivity. The
position of the®'P peaks for the ¢El,PPh=NPh ligand, in the range 24-30 ppm, is
another clear indication of the formation of theutnal bis-cyclometallated complexes.
In fact, chemical shifts for other published comxgle containing only one
cyclometallated ¢H,PPh=NPh ligand appear in the range 35-55 ppm [15.d@jrly
shifted to low field, while chemical shift for théis-cyclopalladated complex
[Pd(GH4PPh=NPh)] is reported at 27.8 ppm [40]. This fact can belaxed taking
into account the higher electron-rich nature of i cyclopalladated complex (with
two strongo-Caryi donors) with respect to those having a singleapalladated ligand.
The 'H NMR spectra of3a-3e show the expected signals for the presence of all
functional groups. In addition, the presence ofdeopalladated Pd@El,) unit is also
clearly inferred from the presence of a deshieldieablet around 8.0-8.2 ppm, assigned
to the H proton (ortho to the cyclopalladation positioniigar to that reported for the
complex [Pd(@H4PPh=NPh}] [40]. The *C{*H} NMR spectra of3a and3b provide

further evidences for the presence of tharyl Pd-C bond, due to the observation of a
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very deshielded peak at 170.40 pp8a)(or 167.40 ppm 3b), respectively, which
appear very near to that reported for [PgH{§PPh=NPh)] (171.2 ppm) [40].
Additional structural information can be obtainednfi the determination of the X-ray
crystal structure of comple3a. A draw of the bis-orthopalladated complex is shaw

Figure 1, as well as selected bond distances agldsan

c2n

Figure 1. View of complex3a. Displacement ellipsoids are scaled to 50% prdipabi
level. Selected bond distances (A) and angle®®)1)-C(1) = 1.992 (2); Pd(1)-C(12) =
2.003(2); Pd(1)-N(1) = 2.0947(17); Pd(1)-N(2) = 26(17); P(1)-C(17) = 1.785(2);
P(1)-N(2) = 1.5963(17); C(1)-C(6) = 1.417(3); C(®[?) = 1.472(3); C(7)-N(1) =
1.356(3); C(12)-C(17) = 1.414(3); C(1)-Pd(1)-C(12)96.75(8); C(1)-Pd(1)-N(1) =
81.27 (8); N(1)-Pd(1)-N(2) = 96.68(6); C(12)-Pd{d{2) = 86.21(7); C(1)-Pd(1)-N(2) =
170.48(7); C(12)-Pd(1)-N(1) = 173.82(7); C(6)-CRJ(1) = 113.61(14); C(1)-C(6)-
C(7) = 116.67(18); C(7)-N(1)-Pd(1) = 113.92(13)ANC(7)-C(6) = 114.08(17); N(2)-
P(1)-C(17) = 105.95(9).

The Pd atom was located in a slightly distortedaseplanar environment, surrounded

by the palladated carbon C(1) and the pyridinicogén N(1), derived from the

17



phenylpyridine ligand, and the metalated carbon) @l the phosphinimine nitrogen
N(2), from the IM. The slight deviation from thee@ square-planar situation can be
deduced from the value of the angle between the lbast-square planes defined by
N(1)-Pd(1)-C(1) and N(2)-Pd(1)-C(12), which amoufis4(2)°. The two Pd-&; o-
bonds are in cis(C,C)-arrangement, as it has bmemdfin previous examples [41]. This
particular arrangment is easily explained takindo iraccount the antisymbiotic
behaviour of the soft Pd(ll) center [42,43] and tamge trans-influence of the G
atoms. In this way, a soft donor (as is thg;@tom) is more stabilized in trans to a hard
donor (in this case the N atom) than in trans tatlar soft donor [42]. This reasoning
has been used in several cases through the bigbygrto explain geometrical
preferences [43].

The Pd(1)-C(1) bond distance of the phenylpyridigand (1.992(2) A) is identical,
within experimental error, to those found in thendr [Pd(1-Cl)(CeHs-2-NCsH4)]2
(1.972(5) and 1.978(4) A, respectively) [44] whilee Pd(1)-N(1) bond distance
(2.0947(17) A) is clearly longer than those foumdthe same dimer [2.005(4) and
2.013(5) A]. The longer distance of the Pd-N bond3a with respect to [P
CI)(CsH4-2-NCsH,)] - reflects the different influence of the respectrnamns ligands (C in
3a versus Cl in the dimer). On the other hand, bbth Rd(1)-C(12) (2.003 (2) A) as
well as the Pd(1)-N(2) bond distances (2.1706(1)7inkhe palladated IM are identical,
within experimental error, to the respective disenfound in the bis-cyclopalladated
complex [Pd(GH4sPPh=NPh)] [40], probably because the trans environments are
similar in both cases (a cyclopalladated ligand)he® internal parameters are as
expected, showing values similar to those founeiated complexes [40,44] and do not

deserve further comment.
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Once the synthesis and full characterization oftlisecyclopalladated complex8a-3e
has been accomplished, we have studied their végat different situations in order
to promote the C-C coupling of the two palladatgghnids. We have first tested the
reductive elimination from Pd(ll), that is, directfrom 3a-3e following procedures
reported in the literature [45-47]. Thermal treattnef 3a-3eat reflux temperature in
CICgHs or reaction with CO promoted an unclear decommusjtathway and, although
formation of P8 was evident, a very complex mixture of unidendifmpounds was
obtained. In the case of treatment3af-3ewith PPh in MeOH, a clean formation of
Pd(PPh)s was observed, but in this case the protonateddigdPhP=NPh and HC"N)
were isolated at the end of the reaction, and #@d@upling product was not observed.
Therefore, even if Pds detected at the end of the reaction, the erpge€tC coupling
was not achieved under the studied conditions.

Therefore, we decided to change our strategy, atiegithe reactivity of3a-3ewith
oxidants such as PhI(OAc)We aimed to promote the oxidation of the squdaeqr
Pd(Il) complexes to the respective octahedral Pdd&fivatives, which are more prone
to undergo the C-C coupling [3h].

The reaction ofBa with PhI(OAc) (1:1 molar ratio) in CBCl, was monitored byH
and®*P NMR spectroscopy at room temperature. Partigutatevant is the information
provided during the reaction by ti# NMR spectrum, where the disappearance of the
peak at 28 ppm (due ®a) and the simultaneous grow of another signal gb&8 was
evident. No other signals were detected in thetsypec although their existence as low
intensity transients cannot be completely excludéffer 1 h of reaction at room
temperature, all starting materi@d was cleanly transformed into a single new species

4a. The reaction was then scaled up to a 0.3 mmdé.séa equimolar mixture o8a
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and PhI(OAc) was stirred at room temperature for 1 h, thensthlgent was partially
evaporated andda was precipitated as a yellow solid by.@&t addition, and
recrystallized from CkCI/Et,O. Complex4da is stable under Ar at -18 °C; under these
conditions it does not show changes at least iareg of 1 month. The analytical data
of 4a strongly suggest the incorporation of two acetsti¢s to the molecular formula of

3a. Additional spectroscopic data 4é suggest a structure as that depicted in Scheme 3.

A }Dh
\Pd/ PPh2  Phi(OAC),
CH,CI, 25 °C
3a 4a

Scheme 3Synthesis and suggested structure of stable Pd@kyativeda

The presence of acetate ligands is clear from liservation of two strong bands in the
IR spectrum ofda at 1616 and 1357 ch due to thev,(CO,) andv{(CO,) modes,
respectively. The separation of these two bandsvis v,-vs = 259 cn, this value
pointing out to an O-monodentate bonding mode wdwmnpared with values reported
in the literature (range 228-470 ¢nfor the unidentate coordination [48]. The IR
spectrum of4a also shows a very strong band at 1295 cassigned to the(p-y)
stretch, which has been shifted to higher enerdgr afxidation (1262 cth in 3a)
indicating a more robust P=N bond4a compared t@a.

The **P NMR spectrum ofta shows a single peak at 59.06 ppm, which is dou¢hfie

shifted with respect to the starting mateBal(28.70 ppm), in good agreement with the

20



higher electropositive character of the metal aeimteta [Pd(IV)] with respect ta3a
[Pd(I1)]. It is really worthy of note that, althobgseveral isomers are possible fia
only a single set of NMR signals is observed, eatfow temperature. At 253 K the
molecule behaves as static in the NMR timescale Hretefore4a is obtained as a
single isomer. ThéH NMR spectrum offa provides additional structural information.
The signal due to flproton of the pyridine ring ofa appears shifted downfield (8.98
ppm) when compared witBa (7.86 ppm). This large shift suggests that theanopic
shielding undegone by theghbroton in3a due to their close proximity to the phenyl
ring of the NPh unit (see Figure 1) is not longetivee. The observation of new
anisotropic shieldings helps to elucidate the negadlisposition of the different groups
in the new octahedral structure. Thus, tmho and metaprotons of the NgHs ring
appear inda strongly shielded (5.65 ppmokie 6.41 ppm Hey With respect to their
respective positions iBa (6.88 - 7.04 ppm). Moreover, the;Hproton of the @H,4 unit

of the phenylpyridine ligand is also suffering eosgy shielding ida (6.57 ppm) with
respect to its position in the precur8ar (overlapped with other signals between 7.50-
7.60 ppm). This set of shieldings and deshieldioga be explained assuming a
molecular structure fofia as that depicted in Scheme 3. If the moleculaudgarial)
plane contains the phenylpyridine ligand, one efdhetate ligands and the palladated C
atom of the PgH, moiety, then the axial positions are occupiedh®ydther acetate and
by the iminic N atom. In this arrangement thesR£ring, which should be normal to
the molecular plane, shields theg-kroton of thecis CsH,4 ring which, in turn, shields
the ortho and metaprotons of the iminic NPh unit. The relative disppon of the six
C.,N20O, donor atoms around the Pd atomdia is similar to that displayed in other

Pd(IV) compounds characterized by X-ray diffractragthods [12].
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Once4a has been fully characterized, and prompted byatsible stability, a similar
reactivity was attempted with the other derivati@es3eand Phl(OAc). As a first step

a similar monitoring of the reactions By and®'P NMR spectroscopy in GBI, was
performed. The reaction &b with Phl(OAc) is qualitatively much faster than that
observed foBa, and in few minutes comple3b was completely consumed. However,
the 3P NMR spectrum only showed a broad resonance neanQ likely due to the
starting material PJP=NPh § = 3.0 ppm) [49], and two very small peaks aroufd 5
ppm. The latter were probably due to Pd(IV) speamalogous ofla, but their amount
decreases along time and finally vanished, evenowt temperature. No definite
compound could be isolated from these reaction urest For these reasons and the
similarities betweer8b and3c, complex3c was not studied. The reaction & with
PhI(OAc), also took place much faster than observed#preven at low temperature,
and only [PBPNH,]" was detected in th&P NMR spectrum (peak at 36.0 ppm). It is
clear that the stability of the presumably formel{l¥) intermediates in both case3h(
3d) is much lower than foda. It is likely the higher robustness of the phenyigine
ligand, compared with that of the other classicd-Grthometalating chelates, the main
responsible of the observed behaviour. In thisgesm close inspection of the recent
literature dealing with organic synthesis medidigdPd(IVV) complexes shows that most
of them use phenylpyridine or analogous rigid-ct-rich ligands [9-12,50]. Thus,
the correct choice of the ancillary ligand is cali in order to prepare, isolate and
characterize the Pd(IV) intermediates. Howevernds&@ng important, it is not the only
factor to be taken into account, because the I{ffgent, the solvent or even the final

charge of the complex play a relevant role [51].
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As the final step, we have studied the reductivriahtion from4a. A yellow solution

of 4ain CD;CN was heated at reflux temperature for 2 h, andiale change of the
color of the solution from bright yellow to orangeas observed. Thé'P NMR
spectrum of this solution shows the presence oingles resonance at 53.38 ppm,
showing that only one species containing the INrig has been formed. Recent work
of Sanfordet al.reported the reductive elimination of Bghpy,(OAc), (phpy = GHa-
2-NGsH,) affording 2-(2-acetoxyphenyl)pyridine and the dmjiPd(1-OAc)(phpy)L as
the only reaction products [12]. The presence (2-2cetoxyphenyl)pyridin® in our
case is inferred from the observation of a cleakps 214 amu in the ES$pectrum of
the CXCN solution. On the other hand, the position of e chemical shift (53.38
ppm) shows that the P-containing species is séllagated, and matches with that
reported for the acetate-bridge dimer [R@{Ac)(CsHPPRNCsHsMe)], (53.69 ppm)
[52]. Other acetate-bridge dinuclear compounds withor changes with respect 5o
also appear in the same region [52]. Thereforethengrounds of the NMR and ESI
data, and taking into account the recent resul&aoiford, we propose that the reductive

elimination of4ain CD;CN takes place affordingand6, as shown in Scheme 4.

_ oh, -
P _ Ph
SN
/ + | AN
Pd
/ ™~ OAc N_ _~
| AcO ]2
5 6
4 detected 3'"P NMR detected ESI*
a
(53.38 ppm) (214 amu)

Scheme 4Reductive elimination ofain CDsCN to give compounds and®6.
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It is remarkable that, once again, the reactioesgiace with full selectivity under the
studied conditions. Following the work of Sanfor®], and due to the fact thda
contains two different cyclopalladated ligands, @moeld expect that, after reductive
elimination, two different acetate-bridge derivasy5 and [Pd-OAc)(phpy)k, could
be formed; and that two different C-O couplings ané C-C coupling are also possible
in order to obtain organic functionalized produ¢tewever, the analysis of the reaction
mixtures shows the selective formationsodnd6. Therefore, the study of this system
shows that only the C-O coupling in the case ofgghenylpyridine ligand is favoured,
and that in no case couplings involving the iminmggghorane (neither C-O, nor C-C)
were detected. Then, the method seems to be adetprathe functionalization of

phenylpyridine, but not for other systems.

4. Conclusions

Bis-aryl Pd(Il) complexes containing the metallateshophosphorane [§E1,PPRNPH]
and another C~N cyclopalladated ligand have be@mselectively synthesized by
transmetallation reactions from [LiBsPPBNPhL. The products were obtained as the
cis(C,C)-isomer. The oxidation of the complex [Rg{p)(GH4sPPRNPh)] with
Phl(OAc) gave the Pd(IV) derivative [Pd(OA¢phpy)(GH4PPRBNPh)] also as a single
stereoisomer, which could be isolated as a stabieptex. The oxidation of other
examples didn't allow the isolation of stable Pd(I¢omplexes. The reductive
elimination processes observed on [Pd(Qfxt)py)(GH4sPPRNPhH)] gave in a selective
way the acetoxylated phenylpyridine by C-O couplimgnile the iminophosphorane

remains palladated.
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