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An alkenylphosphinite compound has been used to synthesize the unknown iridaoxaphospholane complexes
which have been characterized in solution and solid state. The reactions took place in mild conditions and the
product were obtained in good yields. The synthesis of the iridaoxaphospholane complexes is based on the
capability of the alkenylphosphinite compound to behave as a 'Por 3@, C, C) ligand when bonded to a metal
complex. Theoretical calculations have been performed to explain the formation of the iridaoxaphospholane

derivative due to a lower energy barrier for the nucleophilic attack at the terminal carbon of the olefin.

1. Introduction

The chemistry of metallacycles have increased enormously during
the last decades due to the synergy among the organic and organome-
tallic properties and reactivity they can display [1-5]. In this regard,
iridium has emerged as one of the most promising transition metals with
a wide variety of examples such as iridaaromatics [2,3,5,6], iridacy-
clopentadienes [7,8], iridacyclobutadienes [9] and mainly complexes
bearing C—N or C—C chelating ligands [10-12], usually synthesized
through C—H bond activations and presenting applications as anti-
cancer agents, catalysts, photochemistry and in other areas [10].

Oxaphospholane compounds have risen as very important tools in
enantioselective catalytic reactions due to their key role as chiral co-
catalysts and the enormous demand of enantiopure products in
different fields such as pharmaceutical and agrochemicals [13-16]. In
this regard, different synthetic routes like dehydrohalogenation of
phosphite ligands, reaction of a phosphine with a ketal or cyclo-
condensation reactions between phosphines and aldehydes have been
developed [13,14,17,18].

Allylphosphinite ligands can coordinate with the transition metal
through only the phosphorous atom «'P or with the additional bonding
to the C=C skeleton in a K3(P, C, C) coordination mode. In similar sys-
tems, this coordination mode has enabled nucleophilic addition re-
actions to occur involving both the C—=C fragment and the metal center
making possible the cyclometalation of the phosphine ligand [19-22]. In
spite of the versatility of allylphosphinite ligands, they have been
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scarcely studied, and only have been used by Garcia-Fontan et al. for the
synthesis of rhenium  carbonyl complexes [ReX(CO)3(P-
PhyOCH,CH—CH3),] (X = Cl, Br) [23]. However, in that study, the
allylphosphinite only acted as a k'P ligand and reactivity studies were
not performed.

Herein, it is presented the synthesis of the first metal-
laoxaphospholane complexes based on the synthesis of the first iridium
allylphosphinite complex through two coordination modes and its
reactivity towards phosphines as nucleophiles.

2. Results and discussion

Treatment of the binuclear iridium complex [Ir(qS-C5Me5)Cl(ﬂ-Cl)]2
with two equivalents of the alkenyldiphenylphosphinite
PPh,OCH;CH—CH, gave, after 3.5 h at room temperature the air-stable
complex [II‘(7’]5-C5M€5)Clz(Klp-PthoCHch:CH2)] (1) (Scheme 1). In
the 3'P{'H} NMR spectrum, complex 1 displays a unique peak as singlet
at 6 73.1 ppm which is highly shifted compared to the free phosphinite
(6 = +113 ppm) [24], confirming its coordination to the iridium center.
The 'H NMR spectrum shows the most characteristic resonances of the
complex belonging to the allyl moiety. Thus, there are two signals cor-
responding to the CHj olefinic group at § 5.39 and 5.20 ppm as doublet
of pseudo quartets due to the coupling to all the protons of the allylic
moiety with values similar to the ones observed for the free ligand [24].
Similarly, the CH group appears at § 5.90 ppm as a doublet of doublet of
triplet of doublets with the extra coupling to the phosphorus atom of 0.8
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Scheme 1. Synthesis of the «'P and «*(P,C,C) iridium complexes 1 and 2,
respectively.

Hz. Finally, the OCH; group appears at 4.29 ppm as a pseudo triplet of
triplets with coupling to all the atoms involved. The BelH} NMR
spectrum displays three characteristic resonances at § 131.2, 116.0 and
67.0 ppm for the CH, olefinic CH; and OCHj groups respectively. Note
that for the two closest carbon atoms to the phosphorus atom, the signals
appear as doublets due to the coupling between both nuclei. All these
data are in accordance to the previously synthesized rhenium complexes
bearing the allyldiphenylphosphinite ligand in k'P coordination mode
[23].

In order to study the capability of the allyldiphenylphosphinite
ligand to act as a K3(P, C, C) ligand, complex 1 was treated with TIPF¢ in
CH3CN. Thus, the abstraction of the chlorido ligand took place, allowing
the n-coordination of the allylic group to the iridium center leading to
the air-stable cationic derivative [Ir(ns—CsMes)Cl(K3P, C,C-
PPh,OCH,CH—CH3)][PFg] (2) (Scheme 1). Note that the use of aceto-
nitrile, a coordinative solvent, did not hamper the formation of 2 and no
acetonitrile complex was observed as intermediate.

The change of the coordination mode is supported by the NMR
spectroscopic data of complex 2. On the one hand, the resonance of the
phosphorus in the 3'P{'H} NMR spectrum appears at 120 ppm, which
implies a low field shift of almost 50 ppm when compared with complex
1. On the other hand, the 'H NMR shows five different peaks for the five
protons of the allylic chain due to increase of the rigidity of the system
upon coordination of the olefin to the iridium center. Therefore, the CH
moiety appears as a multiplet formed by 5 doublets at § 5.76 ppm due to
the coupling to the other protons of the ligand chain and the phosphorus
atom, whereas the terminal olefinic protons appear as a doublet of
doublets at § 4.71 ppm and a doublet at § 4.14 ppm. While the former
has an extra coupling to phosphorus, both resonances present couplings
to the CH moiety of 8.2 and 12.6 Hz due to their cis and trans arrange-
ment, respectively. Finally, the two OCHj protons appear as doublet of
doublet of doublets at § 3.76 and 4.92 ppm, where the latter shows a
high increment of the proton-phosphorus coupling to 39.8 Hz, as an
effect of the coordination mode change.

The presence of two diastereotopic faces would imply the formation
of two diastereoisomers, however, variable temperature NMR spec-
troscopy studies did not show the second isomer and ruled out a possible
dynamic process between them. Thus, based on the NMR data, only one
of the two diastereotopic faces of the k' P-Ph,POCH,CH=CH, ligand
coordinates with the metal center which implies a diastereoselective
formation of complex 2, as it has been reported for analogous compound
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bearing alkenylphosphane ligands [20,22,25].

The structure of compound 2 was further confirmed by X-ray
diffraction studies (Fig. 1). Suitable crystals were obtained by slow
diffusion of ethyl ether in a solution of compound 2 in dichloromethane.
The molecule exhibits a three-legged piano-stool geometry with the
iridilum atom attached to the chloride ligand, the pentam-
ethylcyclopentadienyl ring, and the alkenyldiphenylphosphinite ligand
through the phosphorous and the carbon atoms of the 52 coordinated
olefin. Therefore, the bond distances between the iridium center and the
olefin are 2.217(12) and 2.228(11) A. In addition, the carbon-carbon
distance of 1.4013(18) Ais larger than that found for similar complexes
such as [Ir(;°-CsMes)Cl(CO)(x! P-Ph,PCH,CH—CH,)][BPh,] (1.267(7)
10\) [22], rhenium complexes bearing the same ligand [ReX(CO)3(P-
Ph,OCH,CH=CH,),] (X = Cl, Br) (around 1.32 A) [23] or the DFT
optimized structure of complex 1 (1.3353 /o\) (see SI) due to the lower sp2
character of the carbon atoms upon coordination to the metal (see Fig. 1
for distances and angles). In addition, the solid-state structure also
shows a parallel orientation of the olefin with respect to the pentam-
ethylcyclopentadienyl ring. Notably, in solution the NMR data also
supported the parallel orientation of the olefin with a relative large
difference between the chemical shifts of the geminal protons of the
olefin (A8 = 0.57 ppm) and a small difference between the cis protons
(A% = 1.05 ppm). This two facts are consistent with complexes bearing
an allylphosphane ligand [21,26].

In order to synthesized metallaoxaphospholanes, the electrophilicity
of the olefinic moiety at the phosphinite ligand was considered and
reactivity of complex 2 towards phosphines as nucleophiles was devel-
oped. Thus, triphenylphosphine, diphenylmethylphosphine and 1,3,5-
triaza-7-phosphaadamantane (PTA) were used as starting materials
leading, in all cases, to the formation of the air-stable iridium (III)
metallacycles [Ir(;°-CsMes)Cl{x?P,C- PPh,OCH,CHCH,(PR3)}](PF¢)
(PR3 = PPh3 (3a), PPhyMe (3b), PTA (3c¢)), which can be described as
1,2-iridaoxaphospholane complexes (Scheme 2).

The obtaining of complexes 3 is supported by their NMR spectro-
scopic data. Thus, in the 3'P{'H} NMR spectrum of each complex two
doublets with coupling constants around 5-6 Hz are observed, one at
around 123 ppm corresponding to the phosphinite ligand and the other
at 17.3, 15.9 and —48.3 ppm for the positively charged PPhg, PPh,Me
and PTA groups, respectively. In the 'H NMR spectra, as happened in
complex 2, the protons in both CHy groups are diastereotopic. While the
OCH;, moiety is not very influenced by the change in the coordination
mode, the hybridation switch from Csp? to Csp® in the CH moiety
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U
\ \4, c12
‘ /\01 »C”

Fig. 1. ORTEP representation of complex 2 with thermal ellipsoids drawn at
50% probability level. All hydrogen atoms, except for the allylic moiety, have
been omitted for clarity. Selected bond lengths (If\) and angles (°): Ir1-C12:
2.217(11); Ir1-C13: 2.228(11); Irl-P1: 2.314(3); C12-C13: 1.415(16); Cl12-
C11: 1.505(16); C11-01: 1.437(12); O1-P1: 1.617(8); Ir1-P1-O1: 108.4(3);
P1-01-C11: 114.7(6); 01-C11-C12: 110.2(9); C11-C12-C13: 120.6(10).
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Scheme 2. Synthesis of iridaoxaphospholane complexes 3.

produces a 2 ppm shift from 5.76 in complex 2 to around 3.45 ppm for
complexes 3. In addition, the protons of the CHy group bonded to the
phosphane, present a doublet of doublet of doublets multiplicity in all
cases with an extra coupling, compared to complex 2, of around 15 Hz
with the corresponding phosphine. Finally, the '3C{'H} NMR spectra
show, not only a high field shift of the former olefinic carbons to the
aliphatic region of the spectrum, but also a different multiplicity. Thus,
the carbon directly bonded to the phosphine substituent appears at 25.7
ppm for 3¢ as a broad signal and at 30.1 ppm for both 3a and 3b as
doublet of doublets with couplings of around 30 Hz to the adjacent
phosphorus atom and 3 Hz to the distant phosphorus nucleus. Similarly,
the CH groups, now bonded to the iridium atom, show two-bond cou-
plings of around 14 Hz for the phosphinite ligand and 5 Hz for the
positively charged phosphine.

Again, the analysis in solution was further confirmed with the solid-
state structure obtained by X-ray diffraction analysis of the three iri-
daoxaphospholanes 3 (Fig. 2 for complex 3b and SI for the rest). The
structures display a three piano legged stool geometry due to the pres-
ence of the pentamethylcyclopentadienyl and chloride ligands as well as
the metallacyclic five-membered ring. Thus, the Ir—P and Ir—C dis-
tances of the iridacycle (around 2.2 and 2.1 A respectively) shorten by
0.1 A respect to complex 2, probably due to the formation of the cycle,
and the former C—=C double bond now present a distance usual of single
bonds (1.537(4)). The rest of the iridaoxaphospholane moiety present
similar distances and angles in comparison with other 1,2-oxaphospho-
lane rings [16,17]. Finally, the positively charge phosphine is bonded to
the iridaoxaphospholane ring through a similar P—C bond of around
1.80 A than the P—C distances to the phosphine substituents which are
in the range of 1.7 to 1.9 A (See Fig. 2 and Table S2 for distances and
angles).

Mechanistically, complexes 3 can be obtained by the nucleophilic
attack of the phosphane on the terminal carbon of the olefin with the

Fig. 2. ORTEP representation of cation complex 3b with thermal ellipsoids
drawn at 50% probability level. All hydrogen atoms have been omitted for
clarity. Selected bond lengths (A) and angles (°): Ir1-C12: 2.140(3); Ir1-P1:
2.2236(7); C12-C13: 1.537(4); C12-C11: 1.527(4); C11-01: 1.455(3); O1-P1:
1.618(2); C13-P2: 1.810(3); Ir1-P1-O1: 108.87(7); P1-01-C11: 114.42(16);
01-C11-C12: 110.8(2); C11-C12-C13: 112.0(2); C12-C13-P2: 118.77(19).
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concomitant intramolecular coordination of the inner Csp? carbon to the
metal center. This reaction leads to the formation of a five-membered
ring complex instead of six-member ring, and therefore, the obtaining
of the 1,2-iridaoxaphospholane derivative. Interestingly, nucleophilic
addition of phosphanes to allyl or alkenylphosphane ligands at transi-
tion metals have been previously observed, however, it had always
taken place at the inner carbon of the olefin [19-22].

In order to shed light on the reactivity difference between the iridium
(1) allylphosphine intermediate cation complex reported by Martinez
de Salinas et al. [Ir(°-CsMes)Cl{x>P, C,C-PPh,CH,CH—CH,}]* [22] and
cation complex 2, the atomic charges of both complexes were deter-
mined by DFT calculations. Thus, the olefin of complex 2, with a
phosphinite ligand, present atomic charges of —0.07 and —0.06 au for
the inner and the terminal carbon respectively, while similar values of
—0.05 and —0.06 au were found for the literature described complex
bearing a phosphine ligand. These results indicate that the charges have
no effect in the reactivity outcome, while energy might play a role on it.
Therefore, assuming a concerted mechanism for the reaction of cation
complex 2 with PPhyMe, the energies for the attack at both possible
carbon atoms of the double bond were calculated (Fig. 3). Interestingly,
the attack of the phosphine to the terminal carbon atom presents not
only a lower barrier (AE = 8.4 kcal/mol) compared to the attack to the
inner carbon atom (AE = 15 kcal/mol) but also, the cationic iridaox-
aphospholane 3b™ appears to be 5.2 kcal/mol more stable than the
theoretical six membered ring cationic complex 3b’.

3. Conclusions

The capability of the alkenyldiphenylphosphinite ligand to coordi-
nate in both x'P and 1<3(P, C, C) modes has allowed the synthesis of
complexes [Ir(57°-CsMes)Cly(k'P-PPhyOCH,CH=CH,)] (1) and [Ir(;>-
CsMes)Cl(x°P, C,C-PPh,OCH,CH—CH,)] [PFe] (2). Nucleophilic attack
of different phosphines to the terminal carbon of the alkenyl moiety of
the phosphinite ligand gave rise to a new family of metallacycles, the
iridaoxaphospholane complexes [Ir(ns-CsMes)Cl{KZP,C- PPh,OCH,CH
CH3(PR3)}1(PFg) (PR3 = PPhs (3a), PPhyMe (3b), PTA (3c)). DFT cal-
culations have determined that this reaction takes place through a lower
energy barrier than a possible attack to the inner carbon as happened
when using alkenylphosphane ligands.

4. Experimental section
4.1. General procedures

All synthetic procedures were performed under a dry argon atmo-
sphere by following conventional Schlenk techniques. Solvents were
purified by distillation from the appropriate drying agents and degassed
before use. All reagents were obtained from commercial sources and
used as received. The allyldiphenylphosphinite PPh,OCH,CH—CH> and
the complex [Ir(;°-CsMes)Cl(u-Cl)], were prepared following pre-
viously published methods [24,27]. Unless stated, NMR spectra were
recorded in CD2Cly or CDCl3 at room temperature on Bruker ARX-400
instrument, with resonating frequencies of 400 MHz (*H), 161 MHz (3'P
{1H}), and 100 MHz (*3c{'H}) using the solvent as the internal lock. g
and '>C{'H} signals are referred to internal TMS and those of *'P{'H} to
85 % H3PO4; downfield shifts (expressed in ppm) are considered posi-
tive. 'H and '3C{'H} NMR signal assignments were confirmed by {'H,
1H} cosy, {*H,'3C} HSQC and {'H,3'P} HMBC experiments. Coupling
constants are given in hertz. C and H analyses were carried out with a
Carlo Erba 1108 analyzer.

4.2. X-ray methodology
Crystallographic data for complexes 2, 3a, 3b-2CH.Cl; and 3¢ was

collected on a Bruker D8 Venture Photon 100 CMOS diffractometer at
100 K using Mo-Ka radiation (A = 0.71073 10\). The frames were
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Reaction coordinate

Fig. 3. Calculated energy profiles for the nucleophilic attack of PPh,Me at the two possible positions of the coordinated olefin of 2*. All calculated reaction and
activation energies are given relative to the separate reactants 2" and PPh,Me (B3LYP/LandI2DZ).

integrated with the Bruker SAINT [28] software package and the data
were corrected for absorption using the program SADABS-2016/2 [29].
The structures were solved by direct methods using the program
SHELXL-2019/2 [30]. All non-hydrogen atoms were refined with
anisotropic thermal parameters by full-matrix least-squares calculations
on F? using the program SHELXL-2019/2. Hydrogen atoms were inser-
ted at calculated positions and were constrained with isotropic thermal
parameters. As appear in checkcif-alerts, complexes 2 and 3c present
residual density that could not be removed but does not interfere in the
structural characterization of both complexes. CCDC 2205287,
2205288, 2205289 and 2205290 contain the supplementary crystallo-
graphic data for 2, 3a, 3b and 3c, respectively. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data Centre
via https://www.ccdc.cam.ac.uk/data_request/cif.

4.3. DFT calculations

All calculations were performed in the gas phase by using the B3LYP
functional with the Gaussian09 package [31] and the LANL2DZ basis
set. All optimized structures were characterized as critical points
(minima and transition states) by using frequency calculations.

In order to obtain the values for atomic charges, a QTAIM [32] to-
pological electron density analysis was performed on wavefunctions
with the AIMAIl package of programs [33].

4.4. Synthesis of compounds

4.4.1. [Ir(p°-CsMes)Cly(x'P-PPhyOCH,CH—CH, )] (1)

The phosphinite PPhoOCH;CH—CHj; (64 pL, 0.26 mmol) was added
to a solution of [Ir(ns—C5Me5)Cl(y—Cl)]2 (0.10 g, 0.13 mmol) in 6 mL of
toluene and stirred for 3.5 h at room temperature. Then, the mixture was
concentrated under reduced pressure giving an orange oil that was
treated with pentane (3 x 3 mL) and EtOH (2 x 2 mL) yielding an orange
solid. Yield: 113 mg (68 %).

Elem. Anal.: Calc. for Cps5H3oCl;OPIr (640.60 g/mol): C, 46.87; H,
4.72. Exp.: C, 46.94; H, 4.81. IH NMR (CDCl3) &: 8.16-8.02 (m, 4H,
CrmetaH Ph), 7.42-7.34 (m, 6H, CoroH + Cpara H Ph), 5.90 (ddtd, *Juierans
=17.2, 3Juneis = 10.4, 3Jun = 4.7, “Jup = 0.8 Hz, 1H, CH, = CH), 5.39
(dq, 3Jun = 17.2, ap~ “Yan = 1.8 Hz, 1H, =CHy, Hyrans), 5.20 (dq,

3Jum = 10.6, 2~ “YJun = 1.7 Hz, 1H, =CHy, Heig), 4.29 (tt, 2Jun~ 3Jup
= 4.8, “Juncis™ “Jhntans = 1.6 Hz, 2H, OCHy), 1.44 (d, “Jyp = 2.5 Hz,
15H, CsMes) ppm. 3P {!H} NMR (CDCls) &: 73.1 (s) ppm. *3C {{H}
NMR (CD4Cly) &: 136.4 (d, YJcp = 60.4 Hz, Cquae Ph), 134.3 (d, “Jcp =
9.8 Hz, CpargH Ph), 133.1 (d, Jcp = 11.7 Hz, ConoH Ph), 131.2 (d, *Jcp =
2.2 Hz, =CH), 128.0 (d, 3Jcp = 11.1 Hz, CpeieH Ph), 116.0 (s, =CH,),
94.6 (d, 2Jcp = 3.0 Hz, CsMes), 67.0 (d, 2Jcp = 1.5 Hz, OCHy), 8.3 (s,
CsMes) ppm.

4.4.2. [Ir(°-CsMes)Cl(<°P,C,C- PPh,OCH,CH—CH> }][PFs] (2)

A suspension of complex 1 (0.10 g, 0.15 mmol) and TIPF¢ (0.082 g,
0.23 mmol) in MeCN (8 mL) was stirred at room temperature for 1 h. The
suspension obtained was filtered through Celite® and the filtrated was
concentrated under reduced pressure giving a yellow oil that was treated
with Et30 (2 x 3 mL). The yellow solid obtained was recrystallized from
a CHyCl, solution. Yield: 96 mg (85 %).

Elem. Anal.: Calc. for Co5H3oClFgOP,Ir (750.11 g/mol): C, 40.03; H,
4.03. Exp.: C, 40.15; H, 4.13. IH NMR (CDyCly) 6: 7.64-7.57 (m, 2H,
CpareH Ph), 7.57-7.50 (m, 6H, CH Ph), 7.38-7.30 (m, 2H, CH Ph), 5.76
(ddddd, 1H, 3Jug = 12.6, 3Jup = 11.1, 3Jup = 7.9, Upn = 4.8, Yy = 2.7
Hz, =CH), 4.92 (ddd, 3Jup = 39.8 Hz, 2y = 10.4 Hz, 3Jyy = 4.8 Hz,
1H, OCHy), 4.71 (dd, 3Juy = 8.2 Hz, 3Jyp = 2.5 Hz, 1H, —CH>), 4.14 (d,
3Jun = 12.6 Hz, 1H, =CH,), 3.76 (td, 2Jyu = 10.4 Hz, *Jyy = 2.7 Hz, 1H,
OCHy), 1.60 (d, “Jup = 2.3 Hz, 15H, CsMes) ppm. 3P {!H} NMR
(CD4Cly) 5: 120.8 (s, PO), —144.5 (sept, 'Jpr = 710.6 Hz, PF) ppm. 13C
{'H} NMR (CD3Cly) 5: 134.6 (d, “Jep = 70.6 Hz, Cquar Ph), 133.6 (d,
“Jep = 2.7 Hz, CparH Ph), 133.3 (d, “Jcp = 2.4 Hz, CpqareH Ph), 132.9 (d,
Jcp = 11.5 Hz, CH Ph), 131.8 (d, Jcp = 11.2 Hz, CH Ph), 129.6 (d, Jcp =
11.4 Hz, CH Ph), 128.9 (d, Jcp = 12.0 Hz, CH Ph), 128.4 (d, lJCp =74.1
Hz, Cquat Ph), 102.7 (d, %Jcp = 2.1 Hz, CsMes), 82.8 (s br, =CH), 74.2 (s
br, =CH3), 71.0 (s, OCH,), 8.8 (s, CsMes) ppm.

4.4.3. [Ir(i’]s-C5Me5)Cl{K‘ZP,C-PPthCHzCHCHgR}][PFﬁ] (PR3 = PPh3
(3a), PPhyMe (3b), PTA (3c))

To a solution of the complex 2 (0.050 g, 0.06 mmol) in CH5Cl, (6 mL)
the corresponding phosphine was added (0.06 mmol) and the mixture
stirred at room temperature for 30 min (3a, 3b) or 24 h (3c). Then, the
solution was concentrated under reduced pressure giving a yellow oil
that was treated with Et;0 (3 x 3 mlL). The yellow solid obtained
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was recrystallized from a CH»Cly solution obtaining adequate crystals
for X-ray diffraction analysis. In the case of complex 3¢, the cell unit
consists of two asymmetric units of the complex. Yield for 3a: 45 mg (74
%); for 3b: 30 mg (52 %); for 3c: 33 mg (60 %).

Complex 3a: Elem. Anal.: Calc. for C43H45CIFgOP3Ir (1012.39 g/
mol): C, 51.01; H, 4.48. Exp.: C, 51.03; H, 4.50. 'H NMR (CD,Cl,) 5:
7.92-7.85 (m, 3H, CpgoH PPh3), 7.79-7.72 (m, 6H, CpeeH PPhy),
7.69-7.62 (m, 6H, CoroH PPhs), 7.60-7.30 (m, 8H, CH PPh,0),
7.01-6.93 (m, 2H, CH PPh,0), 4.39 (ddd, 2Jyp = 15.6, 2Juy = 11.5, 3Jyn
= 7.0 Hz, 1H, CH,P), 3.59 (ddd, Jug = 11.0, 2Jn = 8.9, 3Jup = 2.1 Hz,
1H, OCHy), 3.51-3.41 (m, 1H, CH), 3.33 (ddd, 3Jup = 35.1, ZJyy = 8.9,
3Jun = 6.5 Hz, 1H, OCHy), 3.21 (ddd, 2Jup = 15.2, ZJuy = 12.1, 3y =
2.7 Hz, 1H, CH,P), 1.39 (d, “Jyp = 2.1 Hz, 15H, CsMes) ppm; 1P {1H}
NMR (CD,Cly) 5: 122.4 (d, “Jpp = 5.7 Hz, PPh,0), 17.3 (d, *Jpp = 5.5 Hz,
PPh3), —144.5 (sept, Jpr = 710.6 Hz, PFs) ppm; 3C {{H} NMR
(CD2Cly) &: 137.3 (d, Mep = 71.7 Hz, Cquar PPh20), 135.7 (d, *Jep = 2.7
Hz, CpargH PPh3), 134.1 (d, Jep = 17.0 Hz, CH PPh,0), 133.6 (d, %Jcp =
9.2 Hz, CoroH PPh3), 133.3 (d, Jep = 12.9 Hz, CH PPh,0), 133.1 (d, YJcp
= 61.6 Hz, Cquat PPh20), 131.9 (d, “Jep = 2.7 Hz, CpargH PPh0), 131.5
(d, YJep = 2.7 Hz, CparaH PPh20), 131.0 (d, *Jcp = 11.9 Hz, CneroH PPh3),
130.7 (d, Jep = 11.0 Hz, CH PPh,0), 128.5 (d, Jep = 11.9 Hz, CH
PPh,0), 128.4 (d, Jep = 11.9 Hz, CH PPh,0), 119.2 (d, Jcp = 81.8 Hz,
Cquat PPh3), 94.4 (d, %Jcp = 3.6 Hz, CsMes), 75.8 (dd, 2Jcp = 3.7, *Jcp =
1.9 Hz, OCH,), 30.1 (dd, “Jcp = 28.3 Hz, 3Jcp = 3.3 Hz, CH,P), 15.5 (dd,
2Jep = 14.5, 2Jcp = 5.2 Hz, CH), 8.1 (s, CsMes) ppm.

Complex 3b: Elem. Anal.: Calc. for C3gH43ClFgOPslr (950.33 g/
mol): C, 48.03; H, 4.56. Exp.: C, 48.23; H, 4.64. TH NMR (CD-Cl,) &:
7.86-7.75 (m, 4H, CpgrgH PPhoMe + CpareH PPh2O + 2CH PPhyMe),
7.75-7.63 (m, 4H, CH PPhyMe), 7.61-7.51 (m, 4H, 2CH PPh,0 + 2CH
PPhyMe), 7.51-7.42 (m, 3H, 2CH PPhyO + 1CH PPhyMe), 7.42-7.36 (m,
3H, CH PPh,0), 7.11-7.01 (m, 2H, CH PPh,0), 4.13 (ddd, %Jup = 15.6,
2Jug = 11.8, 3Jyu = 8.1 Hz, 1H, CHyP), 3.61-3.47 (m, 1H, CH),
3.35-3.26 (m, 1H, OCHy), 3.24 (dm, 3JHp = 35.1 Hz, partially over-
lapped with the other OCH,, 1H, OCHy), 2.90 (ddd, 2Jyp = 15.3, 2Juy =
11.8, ®Juyn = 3.2 Hz, 1H, CH,P), 2.54 (d, 2Jyp = 12.7, 3H, PPhyMe), 1.50
(d, *Jup = 2.0 Hz, 15H, CsMes) ppm; 3'P{'H} NMR (CD4Cly) 5: 123.1 (d,
4Jpp = 5.1 Hz, PPh,0), 15.9 (d, “Jpp = 4.9 Hz, PPhyMe), —144.3 (sept,
Lpr = 710.6 Hz, PFg) ppm; 3C {{H} NMR (CD,Cly) 5: 137.4 (d, WJep =
71.7 Hz, Cquar PPh20), 135.5 (d, “Jep = 2.7 Hz, CpareH PPhyMe), 135.1
(d, YJep = 2.7 Hz, CpargH PPh20), 133.31 (d, Jep = 61.6 Hz, Cquar
PPh,0), 133.29 (d, Jep = 11.9 Hz, CH PPh,0), 132.3 (d, Jcp = 10.1 Hz,
CH PPh,Me), 131.8 (d, “Jep = 2.7 Hz, CpareH PPhyMe), 131.6 (d, Jep =
9.2 Hz, CH PPhyMe), 131.4 (d, *Jcp = 2.7 Hz, CpargH PPh20), 131.0 (d,
Jep = 11.9 Hz, CH PPh,0), 130.9 (d, Jp = 10.9 Hz, CH PPh,Me), 130.8
(d, Jep = 11.9 Hz, CH PPhyMe), 128.5 (d, Jep = 11.0 Hz, CH PPhy0),
128.4 (d, Jep = 11.0 Hz, CH PPh0), 121.9 (d, YJep = 80.0 Hz, Cquar
PPhyMe), 119.8 (d, Yep = 80.9 Hz, Cquar PPhoMe), 94.4 (d, 2Jcp = 3.7
Hz, CsMes), 75.6 (pseudo t, 2Jcp~ 2Jcp = 3.5 Hz, OCHy), 30.1 (dd, Jcp
=30.3, 3Jcp = 3.7 Hz, CH,P), 16.0 (dd, 2Jcp = 14.2, 2Jcp = 5.0 Hz, CH),
8.2 (s, CsMes), 7.4 (d, YWJcp = 56.1 Hz, PPhoMe) ppm.

Complex 3c: Elem. Anal.: Calc. for C31H42ClFgN3OP3lIr (907.26 g/
mol): C, 41.03; H, 4.66. Exp.: C, 41.10; H, 4.71. H NMR (CD,Cly) 6:
7.65-7.57 (m, 2H, CHoreo Pha), 7.54-7.47 (m, 3H, CHeta + CHpara Pha),
7.42-7.36 (m, 3H, CHmeta + CHparq Phy), 7.13-7.06 (m, 2H, CHorro Php),
4.57-4.42 (m, 12H, CH; PTA), 3.68 (d pseudo t br, 3Jp = 32.9, 2Juy ~
3Jun = 7.0 Hz, 1H, OCHy), 3.44 (ddd, 3Juy = 11.2, 2Juy = 8.2, 3Jpp =
2.5 Hz, 1H, OCHy), 3.40-3.27 (m, 1H, CH), 3.06 (ddd, %Jyp = 15.7, 2Jun
=11.2, 3Jyg = 8.3 Hz, 1H, CH,P), 2.42-2.36 (ddd, 2Jyp = 15.5, 2Ty =
12.3, 3Jyu = 3.1 Hz, 1H, CH,P), 1.50 (d, *Jp = 2.0 Hz, 15H, CsMes)
ppm; 3P {'H} NMR (CDCly) 5: 124.4 (d, “Jpp = 5.3 Hz, PPh,0), —48.3
(d, *Jpp = 5.9 Hz, PTA), —144.5 (sept, LJpr = 712.3 Hz, PFg) ppm; *3C
{'H} NMR (CDxCly) &: 133.1 (d, 2Jcp = 12.9 Hz, CoroH Phyp), 131.8 (d,
“Jep = 2.2 Hz, CparoH Pha), 131.5 (d, “Jcp = 2.0 Hz, CpgreH Php), 131.1
(d, 2Jcp = 11.4 Hz, CoroH Php), 128.5 (d, 3Jcp = 11.2 Hz, CperaH Phy +
Phg), 94.6 (d, 2Jcp = 3.6 Hz, C5Mes), 76.5 (s br, OCHy), 72.6 (d, >Jcp =
9.5 Hz, NCH,N), 49.3 (d, Wep = 27.3 Hz, PCHoN), 25.7 (s br, CHoP),
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15.3 (dd, 2Jcp = 13.2, 2Jcp = 4.0 Hz, CH), 8.3 (s, CsMes) ppm. Quater-
nary carbon atoms of the phenyl groups could not be observed due to
overlapping.
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