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A family of modularly designed phosphing@hosphites (P OP), possessing a-&C—0 backbone, has
been synthesized and evaluated in the iridium-catalyzed asymmetric hydrogenation of N-aryl imines.
The enantioselectivity of this reaction is highly dependent on the nature of the ligand, and catalysts
bridged by an oxyethylene fragment have produced significantly higher enantiomeric excesses (
20%) than theiro-oxyphenylene counterparts. Structural studies by X-ray crystallography and NMR
spectroscopy of complexes with the formulation [Ir(COD}®P)]BF, and Ir(Cl)(CO)(P-OP), comple-
mented by DFT calculations of model compounds of the chlorocarbonyls, have shown important differences
between complexes bridged by an aliphatic or an aromatic bridge, regarding the iridacycle conformation
and the location of phosphine substituents. Catalyst optimization has afforded enantioselectivities from
72 to 85% ee in the hydrogenation of several N-aryl imines.

phosphine-oxazoline$ or unsymmetrical diphosphineim the
hydrogenation of N-aryl imines. Ruthenium complexes have also
The catalytic enantioselective hydrogenation efiCbonds  been used in the reduction of@ bonds, and those derived
is a process of exceptional interest, due to the wide-ranging from chiral diamines have shown a high efficiency in transfer
application of chiral amines. Intense efforts have been made hydrogenation process&swhile those complexes containing
during the past few decades in the study of this reactiout both a diphosphine and a diamine have recently exhibited
it has been exceedingly difficult to reconcile elevated enantio- promising results in the hydrogenation Nf(1-phenylethyl-
selectivities, high rates, and broad scope in the reduction of idene)aniline'! Also worth mentioning is a strategy based on
imines? below the exceptional efficiency achieved in the substrate chelation, which has efficiently been used in the highly
hydrogenation of numerous types of olefins and ketones. In enantioselective hydrogenation facylhydrazones catalyzed
addition, interconversion betwe&nandZ imine isomer$ and by rhodium DuPHOS speciés.
product racemizatidnare plausible drawbacks affecting the In recent years there has been a notable increase in the study
reduction of acyclic substrates. Chiral catalysts based on diversepf bifunctional chiral ligands in asymmetric catalysis and they
metals have produced notable advances in the fiaftha have become extremely useful tools in catalyst design, comple-
Titanocenes have shown excellent levels of enantioselectivity mentary to the ubiquitouS,-symmetric ligand33 Bifunctional
in the hydrogenation of several types of imifégarticularly ligands have found one of their most remarkable applications
cyclic ones. Also, outstanding enantiomeric excesses have beefin the Ir-catalyzed hydrogenation of imines, exemplified by some
obtained with iridium catalysts derived from@,-symmetric of the results cited above. Among bifunctional ligands, phos-
diphosphines in the reduction of quinolifesd N-aryl imines, phine-phosphites are a particularly interesting class of com-
although high catalyst loadings are needed in these cases. Opounds, due to their unique electronic properties. They possess
the other hand, high rates but somewhat lower enantioselec-two strongly coordinating phosphorus functionalities, one of
tivities have been achieved with iridium complexes bearing them being a good-aceptor group? After the pioneering work
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of Takaya and Nozakf reporting excellent results in the
asymmetric hydroformylation of olefins with BINAPHOS
ligands, the scope of phosphinphosphites has greatly been
increased. Thus, they have been applied to CO/olefin copolym-
erizationi® allylic substitutiont” hydroboratiort® conjugate
addition!® and hydrogenation reactioAln particular, we have
been interested in the application of phosphipbosphites of
general structurd in the last reaction. Thus, satisfactory results
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have been obtained in the reduction of several types of
olefins 142 facilitated by the easily tunable structure of these
ligands. In a preliminary communicatiddwe have recently
described the first application of phosphifghosphites to the
asymmetric hydrogenation of imines. In that study, a significant
influence of the backbone nature on the enantioselectivity of

the reaction was detected, raising an uncommon case where

better asymmetric induction was observed with a more flexible
ligand23 Herein we report full results about the application of
a family of phosphine phosphites in this reaction, covering the
synthesis and screening of ligands, along with studies of Ir
complexes focused on the influence of the backbone on the
structure of the chiral ligand.

Results and Discussion

Ligand Synthesis. After obtaining moderate enantioselec-
tivities in the catalytic hydrogenation dF(1-phenylethylidene)-
aniline in a preliminary scan using compounda—e (see
below), we sought a wider ligand screening. Thus, to complete
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series4 we first envisioned the synthesis of derivatives bearing
PAr, groups other than PRhin addition, being aware of the
importance of ligand dynamic properties in asymmetric
catalysis?*@ we also tracked the preparation of compoulds
which bear an oxyethylene bridge. This backbone should provide
a more flexible scaffold for phosphorus functionalities and a
direct comparison with the-oxyphenylene backbone of ligands

4, since both types of structures have aC-0 link.

For the synthesis of the desired ligands, a set of appropriate
hydroxy phosphines were initially prepared. Accordingly, phe-
nols2f,h were obtained by demethylation of the corresponding
o-anisyl phosphines (Scheme 1). Alternatively, alcohdi&—h
were produced from the reaction between secondary phosphines
Ar,PH and 2-bromoethanol (Scheme 2).

Subsequent formation of phosphinghosphites can easily
be achieved by condensation bfor 2 with the appropriate
phosphorochloridite in the presence of NEtFollowing this
methodology, we prepared derivativésh and6af. Alterna-
tively, compoundssg,h were obtained by following a more
convenient one-pot procedure via the lithium alkoxide. In
addition, ligands4i and 6i, which possess a conformationally
flexible biaryl fragment, were synthesized frata (Ar = Ph)
andba, respectively (Scheme 3).

In addition, the two ethane-bridged liganisk, possessing
a P-stereogenic phosphine group, were also synthesized. For
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Scheme 4 (ca. 0.04 A) than those of C(47) and C(48). With regard to this

study, the most interesting difference between the two complexes
@ @ Q @ Q lies in the structure of the iridacycle. Thusli displays a boat
OMe ) LiBu® OMe o e OMe conformation facilitated by coplanarity of the fragment P{2)
PN e Poen, — 7, P gH, C(30)-C(29)-0(3) imposed by the benzene ring. In a different
Me J/i [ manner, rotation allowed around the C(29)(30) bond makes
possible a twist-boat conformation for the iridacyclel@f. As

(S)-PAMP-BH;, 7 8 a consequence, the orientation of phenyl substituents, of great
@\ importance in asymmetric catalygisalso differs between1i

BH, (i) CO,
O~ OH OH

OMe and12i. For the latter, the aryl group defined by C(35) occupies
a pseudoaxial positiorpg(C(35)-P(2)-Ir(1)—P(1))= —86°),
O while that denoted by C(41) is pseudoequatorigd(C(41)—
P(2)Ir(1)—P(1)) = 15C°). Otherwise, Ph groups itli are

@ Q O distributed more symmetrically around the coordination plane,
OMe 6 Bu as denoted by the corresponding torsion anglegQ(37)—
DABCO [P NEt P(2)-Ir(1)—P(1)) = —112 and ¢2(C(31)-P(2)-Ir(1)—P(1))

oH = 128).
@@\ The diolefinic derivativeslO and 11 have also been inves-

OMe tigated by NMR techniques. These complexes display in the
But 31P{1H} experiment one doublet around 100 ppm, due to the
(R)-3a [P O phosphite group, and another doublet for the phosphine in the
.0 interval between 10 ang20 ppm, depending on the nature of
0 the phosphine substituents. Values@drange around 40 Hz,
But O independent of the backbone nature. For instance, compounds
10aandllahave an identical value (42 Hz) for this coupling
Scheme 5 constant. On the other hand, the set of olefinic carbons shows
o RR Ph b in the 13C{1H} experiment a similar pattern for_complex_es
= (i) 4i Q,‘p\/ 10a—c andl1la Then, two doublets are observed in the region
% BF, oo 5 P/Ir
Q0

(_\/ cl
‘ Ir
2N

(i) AgBF,
112 rcopyCl, —— { between 105 and 100 ppidgc ~ 15 Hz), while another doublet

(i) P-OP X \CO

—

appears ad ca. 95 ppm Upc = 8 Hz) and the fourth doublet
resonates around 80 pprRdfc = 11 Hz). The two higher field
signals have been assigned by analysis of thelRB-13C
HETCOR and!H NOESY spectra to the olefinic fragment
located trans to the phosphine, indicating a highdack-
bonding on that &C bond?® Interestingly, compound la
exhibits exchange cross-peaks in the phase-sensitivéH2D
NOESY experiment due to the interconversion of olefinic
protons H and H with H4 and H, respectively (Figure 3). This
behavior can be explained by a formal rotation of the diolefinic
moiety allowed by dissociation of one of the-lolefin bonds?®
dpresumably the weaker trans to the phosphite. In addition, NOE

contacts are in good accord with a structure in solutiof et
(Figure 4), similar to the X-ray structure of compoutdi.
Finally, the presence of a carbonyl ligand1@i is evidenced
in the13C{1H} NMR spectrum by a doublet of doublets centered
at ca. 180 ppm?Jcp = 118, 15 Hz) and in the IR spectrum by
an intense band at 2027 cfn

To obtain further insight about the coordination mode of the

phosphine-phosphite ligands, DFT calculations at the B3LYP
level of theory have been performed with some Ir(CI)(CG)(P
OP) model complexed £V). First, we have investigated the

P-OP = 4a (10a), 4b (10b), 12i
4c (10c), 6a (11a), 6i (11i) I

the latter, phosphineborane 8 was prepared from readily
accessible 9-PAMP-borane (Scheme 4. Subsequent de-
boronation with 1,4-diazabicyclo[2,2,2]octane (DABC®jol-
lowed by condensation with each enantiomer of phosphoro-
chloridite 3a, led to the diastereomeric compourdjsk.

Structural Studies of Ir Complexes. To gain insight about
the backbone influence in imine hydrogenation, we have
examined in detail the structural differences between coordinate
4 and6. A series of complexes with the formulation [Ir(COD)-
(P—OP)]BF (10, 11) were prepared by chloride abstraction from
[Ir(Cl)(COD)],, followed by addition of an stoichiometric
amount of the chelating ligand (Scheme 5). Alternatively, the
chloro carbonyl complex Ir(CI)(CO¥{) (12i) was synthesized
by bubbling carbon monoxide through a mixture of [Ir(Cl)-
(COD)]; and4i at a Ir/ligand ratio of 1.

The structures of compound4i and12i have been studied
by single-crystal X-ray diffraction. Figures 1 and 2 show
ORTEP diagrams of these complexes, along with selected bond

distances and angles. Both compounds display a square-planar R
coordination geometry, with angles between mutually cis ligands R"\ ﬁo O

in the range between 89 and®9®espite the different natures P, . “\p<0 R
of the backbones, the bite angle values are very similaf; 91 R CI/"' '\COO R
(11i) and 89 (12i). As observed before in related compleke® . O
the Ir—P(phosphite) distance is appreciably shorter than the Ir R
P(phosphine) distance (0.09 and 0.17 A foti and 12i, SfI\H/I;eR;;r'I;-iB;;-MIae (I)(")
respectively). Otherwise, the greateacceptor character of the R = Me. R’ = Me: R" = Me (ill
phosphite is not evident in the-HC bond values ofl1i. Thus, R =Me; R' = tBu; R" = Me (IV)

Ir bonds to olefin atoms C(43) and C(44) are only slightly longer R =Me; R'=Bu; R"=Ph (V)

(25) Ohashi. S.: Kikuchi, S.: Yasutake, M.: Imamoto,Hur. J. Org relative stability of the simplest modél with respect to its
Chem.2002 5, 2535. T T T isomer featuring phosphite and carbomybcceptor groups in
(26) Ohff, M.; Holz, J.; Quirmbach, M.; Boer, A. Synthesid 998 1391. mutually trans positions. The geometries of both complexes have
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Figure 1. ORTEP view of the cation of1i. H atoms have been omitted for clarity. Selected bond lengths (A) and angles (de§)1)r
= 2.2275(10), I+P(2) = 2.3179(10), I1r-C(43) = 2.272(4), I--C(44) = 2.273(4), I-C(47) = 2.218(4), Ir-C(48) = 2.237(4), C(43)
C(44) = 1.381(7), C(47yC(48) = 1.392(7); P(2yIr—P(1) = 90.93(4), O(3)-C(29)-C(30)-P(2) = 78.0(4).

been fully optimized. It is worth noting that compouhds were lower than 0.7 kcal/mol. These results indicate that even
significantly more stable (9.5 kcal/mol) than its isomer, fully bulky Bu substituents in the phosphite have little effect on the
indicative of the electronic dissimilarity between the two relative stabilities of the two conformers, probably because the
phosphorus functionalities. For the structure of modethe endo (relative to the backbone) Bsubstituent is not close
computed bond distances and angles match closely the valuegnough to interact with the central GHvhich should move
found for 12i by X-ray diffraction. For instance, the calculated easily as inferred from optimized structurésA andV-B. This
Ir—P(2) and Ir-P(1) bond distances are 2.381 and 2.197 A is an important difference from the benzene-bridged ligahds
(Figure 5), respectively, which compare well with values of as the latter produce conformationally rigid complexes caused
2.336 and 2.162 A found ifi2i. Then, we tried to investigate by an steric impediment between the aromatic backbone and
the possible intervention of iridacycle conformations different its closer Bd group?!@ In addition, conformerV-A closely
from those observed ihli, as the next target for this analysis. reproduces the distribution of Ph groups observed in the solid
Initially, the simplest model was used, and minimization structure ofL1i, as denoted by the torsion angle valyeC(1)—
energy from a set of different starting point conformations led P(2)~1r(1)—P(1))= —116 andg2(C(2)-P(2)-Ir(1)—P(1))=
to the two structure$-A and|-B. The first structure closely ~ 121°, while in conformerV-B these phosphine substituents are
resembles the iridacycle structure found.iri, while the second ~ located around pseudoequatorial & —133) and pseudoaxial
conformer adopts a pseudochair conformation for the metalla- (92 = 104) positions, respectively. )
cycle. Compound-A was found to be 0.5 kcal/mol more stable ~ Enantioselective Hydrogenation of N-Aryl Imines. The
than|-B. This small energy difference inspired us to design a Ullity of ligands4 and6 has been investigated in the iridium-
series of model complexes where the complexity and steric catalyzed enantioselective hydrogenation of N-aryl imines. A
effects of the substituents were gradually increased\), to perusal of the literature indicates that two types of catalyst
determine if they have any effect on the relative stabilities of Precursors have been used for this reaction: cationic derivatives
the two conformation® In all cases, conformer typ& was bearing a chiral chelating ligand as .Wel.l as a diolefin coligand
found to be slightly more stable tha) as energy differences ~ SUCh @s COD and those prepared in situ from [I((COD)(CI)]
and an stoichiometric amount of chiral ligafd. Investigation

(27) Brown, J. M.; Evans, P. LTetrahedron1988 44, 4905 .Of bOth types of catalysts with phOSphiﬁphOSp_hitg$ and6

(28) Cavallo, L. Macchioni, A.; Zuccaccia, C.: Zuccaceia, D.; Orabona, Indicated that the latter precatalysts behaved significantly better
I.; Ruffo, F. Organometallic2004 23, 2137. than the cationic ones. Catalyst precursd®a and 1la

(29) In compounds of the formulation [Ir(COD)XX)]* (X = phos- completed reactions under our standard conditions with 4 and

phorus, sulfur, or nitrogen coordinating fragment) either COD dissociation 0 : :
or Ir—X rupture has been invoked to explain COD formal rotation. 17% ee, respectively (Tables 1 and 2), while the neutral

Considering the high coordinating abilities of both phosphorus function- Counterparts prepared froda and 6a gave 36 and 81% ee,
alities, we are inclined toward the first alternative. For examples, see: (a) respectively.
Valentini, M.; Selvakumar, K.; Wide, M.; Pregosin, P. S]. Organomet.

Chem.1999 587, 244. (b) Crociani, B.; Antonaroli, S.; Di Vona, M. L.; (30) For conformational studies of chiral complexes see: (a) Evans, D.
Licoccia, S.J. Organomet. Chen2001, 631, 117. (c) Gladiali, S.; Grepione, A.; Michael, F. E.; Tedrow, J. S.; Campos, K. R.Am. Chem. So2003
F.; Medici, S.; Zucca, A.; Berente, Z.; KotleL. Eur. J. Inorg. Chem2003 125, 3534. (b) Evans, D. A.; Campos, K. R.; Tedrow, J. S.; Michael, F. E.;

556. Cagne, M. RJ. Am. Chem. So200Q 122, 7905.
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c26

c19

c16
Figure 2. ORTEP view of complexX.2i. H atoms have been omitted for clarity. Selected bond lengths (A) and angles (de§)1)=
2.1620(5), IF-P(2)= 2.3356(5); P(2)}Ir—P(1)= 92.57(6), C48-Ir—Cl = 89.17(6), P(2)-Ir—Cl = 89.369(17), O(3)} C(29)-C(30)-P(2)
= 7.0(2).

Ph Ph Ph Ph Ph ph 13a The catalyst derived fromd produced R)-14awith 46%
\/ a \/ \/ d . . . .

R | R ¢ R | ee (entry 5), while diastereomerite led to the same amine
/Ir\bc —_— S — /"\b enantiomer with a significantly lower enantioselectivity (12%
R | R O—R | ee, entry 6, Table 1). Therefore, in the latter examples the
) ¢ d 0 0 aq Q9 a product configuration is determined by phosphine chirality.

b Otherwise, for the couple formed I8j,k, the dominant chiral

induction proceeds from the phosphite. Thus, the former
produced R)-14awith 84% ee, while6k gave §)-14awith a
lower optical purity (56% ee, entry 7, Table 2).

Finally, with the intent of giving some generalization to the
best catalyst of the series, we also investigated the hydrogenation
of otherN-aryl imines (Table 3). Notabl\§j gave a good level
of enantiomeric excess? between 72 and 85% ee, for these
reactions.

To get valuable information for ligand design, it is of interest
to make some correlations between the structures of the Ir
complexes and the results observed in the hydrogenations,
without the intention of making a mechanistic proposal. It can
first be concluded that both phosphite and phosphine groups
Figure 4. Selected NOE observed in the @& fragment of haV(_e an important influence_ on the reactio_n, and th?ir coopera-
compoundila H(L<H(5), HL)<H(6), HR)<H(6), H2)<H(®), tlo_n is necessary for the achlt_avemer_\t _of a high enfantlo_selectlwty.
H(4)<=H(5), H@)<-H(7), H(6)~*H(8). With the aid of a quadrant diagrafhit is easy to visualize the

steric features of the metaligand fragment. Thus, it can be

Initially, ligands derived from a benzene backbone were ©Observed how a phosphite group wihconfiguration offers
examined. All catalysts completed the reactions under the the higher steric hindrance at Q2 (Figure 6), and & (-
conditions specified. From these results it can be seen that ligand®h0sphite in Q1, while for the phosphine group, the main
4a(Table 1, entry 2) produced higher enantioselectivities than €ncumbrance should be expected from a pseudoaxial anying.
isopropyl @b) or methyl @c) derivatives (entries 3 and 4), while Accordingly, (_examlnatlon_of result_s collected in Tables 1 and
other PAg groups did not afford a sufficient enhancement on 2 Shows thatligands blocking two diagonally arranged quadrants
enantioselectivity (entries 7 and 8). Otherwise, catalyst optimi- &fford low to moderate enantioselectivities. A clear example is
zation using an aliphatic backbone caused an important im- Provided by the ligande (Figure 6a), the least enantioselective
provement. Thus, the catalyst derived fr@ayielded amine  @long the series. In addition, ligak increases the size of the
14awith 81% ee (entry 2, Table 2; Scheme 6), 45% higher diagonally opposed substituent to the quadrant blocked by the
thanda This difference is more general, and liga6di (entries phosphite (Figure 6b), in comparison 6a, and this cause a
3 and 5) produced enantioselectivities 23 and 40% higher than

their counterpartgf,h, respectively. (31) Knowles, W. SAcc. Chem. Re<.983 16, 106.
. . . . . (32) (a) Nagel, U.; Rieger, BOrganometallics1989 8, 1534. (b)
To complete this screening, a set of ligands with P-stereogenic gyigney. 1. D.: Higashi, N.; Asakura, K.; Imamoto, J. Am. Chem. Soc.

phosphine groups were also examined in the hydrogenation 0f200q 122, 7183.

Figure 3. Mechanism proposed for the fluxional behaviorldia
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P2

P1

V-A V-B
Figure 5. Optimized structures for model complexesndV.
Table 1. Hydrogenation of 13a Using Ligands & Scheme 6
entry precatalyst POP % ee (confign) X X  a X=H,Y=H

1 [Ir(COD)(P-OP)]BF, 4a 4R N/©/ /©/ b: X=H,Y=Me
2 11, ICOD)CI] + P-OP 4a 36 R®) | Hy HiY ¢ X=H, Y=0Me
3 4b 25R) - . d X=H, Y=F
4 4c 20 R) Catalyst e: X=H, Y=Cl
5 4d 46 R) Y Y f. X=OMe, Y =H
6 de 12R 13 14
7 Af 47 R
8 4h 42 [R) Table 3. Hydrogenation of Imines 13 with the Precatalyst/,

[Ir(Cl)(COD)] » + 6j2

a All hydrogenations were completed under the conditions specified.
Reactions were carried out at room temperature with an initial hydrogen  entry
pressure of 30 bar, in methylene chloride with S#C100. The reaction
time was 24 h. The conversion was determined ¥y NMR and 1 14b 72(-) 4 lae 82 (-)
enantiomeric excess (ee) by chiral HPLC. The configuration was determined 2 lac 85 (+) 5 14f 81 (+)
by comparison of the optical rotation with the literature vaitie. 3 14d 790)

a All hydrogenations were completed under the conditions specified.
Reactions were carried out at room temperature with an initial hydrogen
pressure of 30 bar, in methylene chloride with S#C100. The reaction

product % ee entry product % ee

Table 2. Hydrogenation of 13a with Precatalysts Derived
from Ligands 62

entry precatalyst POP % ee (confign) time was 24 h. The conversion was determined _1lby NMR and

enantiomeric excess (ee) by chiral HPLC. The configurations were not

1 [Ir(COD)(P—OP)]BF; 6a 16 R determined.

2 1, [Ir(COD)CI] + P—-OP 6a 81 R

3 6f 70 R . . .
two effects. Thus, in conformer A (Figure 6e) a release of steric

4 69 76 R A : '

5 6h 82 R hindrance is produced at Q4, with respect tdd-caused by

6 6] 84[R) the displacement of the upper Ph toward a more pseudoequa-

7 6k 560 torial position. In addition, there is a growth of steric impediment

2 All hydrogenations were completed under the conditions specified. at Q3, as the lower phenyl moves to a more pseudoaxial location.
Reactions were carried out at room temperature with an initial hydrogen Thege displacements further continue to reach conformer B,

ressure of 30 bar, in methylene chloride with S#C100. The reaction . . . .
Fime was 24 h. The Com}'ersion was determined by NMR and which shows the most effective blocking of the adjacent

enantiomeric excess (ee) by chiral HPLC. The configuration was determined quadrants Q2 and Q3 (Figure 6f).
by comparison of the optical rotation with the literature vaitie.

. . . . . Conclusions
severe decrease in enantioselectivity. A second interesting

observation comes from the occupation of the phosphine A family of structurally diverse chiral phosphirg@hosphites
quadrant adjacent to that blocked by the phosphite. Thus, anhas been prepared and evaluated in the iridium-catalyzed
increase in ee has been observed on moving from ligaid hydrogenation oN-aryl imines. Ligand screening has clearly
4a (Figure 6c¢) or fromdcto 4d (Figure 6d). Catalyst enhance- identified the nature of the backbone as a critical variable in
ment produced by ligan@a can then be explained by these this reaction, and ethane-bridged ligands have significantly
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Figure 6. Quadrant diagrams for the fragments: (a¥&-(b) Ir-6k; (c) Ir-4a; (d) Ir-4d; (e) Ir-6a (conformer A); () Ir6a (conformer B).
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outperformed their benzene counterparts. A detailed structural(0.671 g, 5.37 mmol) in THF (20 mL) was treated with LiBi.1
study by NMR and X-ray diffraction performed with complexes mL, 1.6 M in hexanes). The mixture was stirred » h and
with the formulations [Ir(COD)(P-OP)]BF; and Ir(Cl)CO(P- evaporated and the residue extracted in,Clll The resulting
OP) has demonstrated important conformational differences solution was treated with an excess of solid /@Hin CH,Cl.. The
between coordinated and 6. As a complement to the latter, suspension was filtered and the solution evaporated. The remaining
model compounds of the chloro carbonyls have been analyzedresidue was extracted with & (2 x 15 mL), and the volatiles
by DFT methods. From theoretical data, two participating Were removed, yieldinga as a colorless oil (0.848 g, 70%).
conformations can be expected, characterized by a dissimilar ~(2-Hydroxyethyl)bis(o-tolyl)phosphine (5f). This compound
distribution of phosphine substituents. Comparison of the results Was prepared by following the procedure describedéColorless
obtained with this family of phosphirgohosphites suggest that,  0il (0.503 g, 90%).*H NMR (CDCls, 300 MHz): 6 1.66 (brm,
in contrast to olefin hydrogenatidfia scheme of two sterically ~ 1H, OH), 2.31 (t, 2HJuy = 6.8 Hz, PCH), 2.4 (s, 6H, 2 Me),
blocked adjacent quadrants in the—ligand fragment is  3:77 (M, 2H, CHO), 7.19 (m, 8H 8 H arom).*P{*H} NMR
preferable for this type of hydrogenation. Ligand optimization (CDC.|3' 1215 MHz): 6 —46.5. *C{*H} NMR (CDE|3’ 75.5
has pointed tcj as the best ligand of the series, and it has MHZ2): ¢ 21.3 Me—Ar), 21.6 Me—Ar), 31.2 (d, Jer = 13 Hz,
produced 84% ee in the hydrogenation of imi& Similarly, PCH), 60.5 (d,Jcp = 23 Hz, CHOH), 126.4 (2 CH arom), 128.9

enantioselectivities between 72 and 85% ee have been obtaine(ﬁ2 CH arom), 130.3 (CH arom), 130.4 (CH arom), 132.4 (2 CH

- . . o arom), 136.4 (dJcp = 12 Hz, 2 G arom), 142.6 (dJcp = 26 Hz,
with ligand 6j in the reduction of several N-aryl imind<. 2 Cyarom). HRMS (El):m/z258.1181, [MF (exact mass calculated

_ _ for CyeH140P 258.1173).
Experimental Section (2-Hydroxyethyl)bis(p-tolyl)phosphine (5g). The preparation
General Comments. All reactions and manipulations were ~©f this compound is analogous to that describedsarColorless
performed under nitrogen or argon, either in a Braun Labmaster Oil (0-341 g, 90%).!H NMR (CDCl;, 300 MHz): 6 1.78 (br m,

100 glovebox or using standard Schlenk-type techniques. All sol- 2H: PCH), 2.28 (s, 6H, 2 Me), 3'7321 (blr m, 2H, GB), 3.91 (brs,
vents were distilled under nitrogen using the following desiccants; tH: OH), 7.17 (m, 8Ki8 H arom).*!P{*H} NMR (CDCl;, 121.5
sodium-benzophenone ketyl for benzene, diethyl ethes@tand MHz): 6 —27.2.3C{H} NMR (CDCl;, 75.5 MHz): 6 21.5 (2
tetrahydrofuran (THF); sodium for petroleum ether and toluene; M&~Ar), 32.0 (d,Jep = 11 Hz, PCH), 60.2 (d,Jcp = 23 Hz,
Cah for dichloromethane (CKCl,); NaOMe for methanol (MeOH). ~ CH20H), 129.5 (2 CH arom), 129.6 (2 CH arom), 131.3.J¢h =
NMR spectra were obtained on Bruker DPX-300, DRX-400, and 13 Hz, G arom), 132.8 (2 CH arom), 133.0 (2 CH arom), 134.5
DRX-500 spectrometeré!P{*H} NMR shifts were referenced to (& Jer = 9 Hz, Cq arom), 138.9 (2 ¢arom). HRMS (EI): mz
external 85% HPOy, while 13C{1H} andH shifts were referenced 258.1175, [MT (exact mass calculated for;§1,00P 258.1173).
to the residual signals of deuterated solvents. All data are reported ~(2-Hydroxyethyl)bis(3,5-xylyl)phosphine (5h).This compound
in ppm downfield from MgSi. GC analyses were performed by was prepared as described & Colorless oil (0.324 g, 85%jH
using a Hewlett-Packard Model HP 6890 chromatograph. HRMS NMR (CDCls, 300 MHz): 6 1.62 (br s, 1H, OH), 2.28 (s, 12H, 4
data were obtained using a JEOL JMS-SX 102A mass spectrometerMe—Ar), 2.35 (t,Jun = 7.2 Hz, 2H, PCH), 3.75 (q,Jun = 8.4 Hz,
Elemental analyses were run by the Analytical Service of the 2H, CH0), 6.9 (s, 1H, CH arom), 7.03 (s, 2@ H arom), 7.05 (s,
Instituto de Investigaciones Quicas. Optical rotations were  3H, 3 H arom).3P{*H} NMR (CDCl;, 121.5 MHz): 6 —25.6.
measured on a Perkin-Elmer Model 341 polarimeter. 13C{'H} NMR (CDCl, 125.8 MHz): 6 21.6 (4Me—Ar), 32.4 (d,
(2-Hydroxyphenyl)bis(o-tolyl)phosphine (1f). Over a solution Jep = 13 Hz, PCH), 60.6 (d,Jcp = 23 Hz, CHOH), 130.5 (2 CH
of o-anisyldi-o-tolylphosphine (2.600 g, 8.11 mmol) in GEll, (50 arom), 130.7 (2 CH arom), 130.8 (2 CH arom), 131.5%g,= 19
mL), cooled to—78 °C, was added BBr(1.7 mL, 18.6 mmol). Hz, Cyarom), 137.8 (dJcp = 11 Hz, G arom), 138.2 (2 garom),
The mixture was stirred overnight at room temperature and the 138.3 (2 G arom). HRMS (El): m/z 286.1485, [M] (exact mass
solvent evaporated. The residue was treated with a portion of toluenecalculated for GgHogOP 286.1486).
(25 mL), and the volatiles were removed under reduced pressure. (S)-(2-Carboxyethyl)(o-anisyl)phenylphosphine-Borane (7).
The solid obtained was treated with MeOH (20 mL) at® and LiBu® (3.5 mL of a 1.3 M in cyclohexane solution, 4.5 mmol) was
stirred for 2 days at room temperature. Solvent evaporation yielded added at—78 °C to a solution of §-phenylp-anisyl)methyl-
(2-hydroxyphenyl)die-tolylphosphonium bromide as a white solid  phosphine-borane (1.000 g, 4.10 mmol) in £ (50 mL). The
(2.020 g, 65%). Without further purification, the phosphonium salt reaction mixture was stirred f@ h at thesame temperature. GO
(1.830 g, 4.73 mmol) was suspended iR@E{30 mL) and NE$ dried through Drierite was bubbled through the solution, and the
(0.9 mL, 6.1 mmol) was added. The suspension was stirred for 2 mixture was stirred overnight at room temperature. The resulting
h and filtered. Solvent evaporation gaifas a white solid (1.200 mixture was quenched with an aqueous solution of HCI (1 M; 10
0, 83%). Spectroscopic data obtained for this compound agree withmL), and the organic layer was separated and extracted with two
the published values. portions of a saturated solution of p&O; (2 x 20 mL). The
(2-Hydroxyphenyl)bis(3,5-dimethylphenyl)phosphine (1g)This aqueous phase was separated and acidified with concentrated HCI
product was prepared by following the procedure describedffor  until precipitation of a white solid was complete. The mixture was
White solid (0.583 g, 60%):H NMR (CDCls, 300 MHz): 6 2.28 extracted with AcOEt (3x 30 mL), and the organic phases were
(s, 12H, 4 Me), 6.98 (m, 9H9 H arom), 7.30 (m, 1H, H arom).  combined, dried with Ng&8O,, and filtered. Evaporation of the
31P{1IH} NMR (CDCls, 121.5 MHz): 6 —30.0. 13C{*H} NMR solution provided productOas a white solid (1.020 g, 86%n]J*%
(CDCls, 75.5 MHz): 6 21.6 (4 Me), 115.8 (CH arom), 121.2 (CH = +2.7 (c 1.0, THF).'H NMR (300 MHz, CDC}): ¢ 1.03 (br
arom), 121.5 (dJcp = 6 Hz, G, arom), 131.1 (2 CH arom), 131.2  m, 3H, BH), 3.42 (dd,Juy = 18.0,J4p = 14.4 Hz, 1H, PEIH),
(2 CH arom), 131.5 (2 CH arom), 131.7 (CH arom), 134.93, 3.58 (dd,Jdyy = 17.6,Jup = 17.6 Hz, 1H, PCHi), 3.69 (s, 3H,
= 4 Hz, 2 G arom), 135.1 (dJcp = 5 Hz, CH arom), 138.4 (d,  OCHs), 6.89 (dd,Juy = 11.2, Jup = 4.4 Hz, 1H, H arom), 7.06
Jep =7 Hz, 4 G arom), 159.4 (dJcp = 18 Hz, G, arom). HRMS (td, 3y = 9.6, Jyn = 2.4 Hz, 1H, H arom), 7.37 (m, 3H, 3 H
(CI): m/z 334.1491, [M} (exact mass calculated for£E1,30P arom), 7.53 (tJyn = 10.0 Hz, 1H, H arom), 7.67 (ddpp = 15.2,
334.1487). Jun = 9.6 Hz, 2H, 2 H arom), 7.86 (ddyp = 18.8,J4ny = 10.4
(2-Hydroxyethyl)diphenylphosphine (5a).This compound was Hz, 1H, 1 H arom), 9.62 (br s, 1H, COOHJP{*H} NMR (121.5
prepared by a modification of the literature procedure as follows. MHz, CDChk): 6 13.5 (br m).13C{*H} NMR (75.5 MHz, CDC}):
A solution of PRPH (1.00 g, 5.37 mmol) and 2-bromoethanol ¢ 32.8 (d,Jcp = 31 Hz, PCH), 55.6 (OCH), 111.4 (d,Jcp = 4
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Hz, CH arom), 114.7 (dJcp = 54 Hz, G, arom), 121.5 (dJcp =
13 Hz, CH arom), 128.7 (CH arom), 128.8 (CH arom), 128.9 (d,
Jep =59 Hz, G arom), 131.3 (CH arom), 131.8 (CH arom), 131.9
(CH arom), 134.7 (CH arom), 136.4 (&p = 16 Hz, CH arom),
161.4 (OG), 173.8 (COOH). HRMS (FAB):nm/z 311.0980, [M+
Na]* (exact mass calculated for;41,sBOsPNa 311.0984).
(S)-(2-Hydroxyethyl)(o-anisyl)phenylphosphine-Borane (8).
A solution 0f10(0.822 g, 2.85 mmol) in THF (15 mL) was treated
with BH3*SMe, (1.1 mL, 11.4 mmol) at 6C. The reaction mixture
was stirred fo4 h atroom temperature. The mixture was quenched
at 0 °C with water (20 mL), and CkCl, (20 mL) was added in

Organometallics, Vol. 25, No. 4, 20069

2-(Diphenylphosphino)phenyl 3,35,3-Tetra-tert-butylbiphen-
yl-2,2'-diyl Phosphite (4i). The synthesis of this compound was
effected as described f6m, using the phosphorochloridie White
solid (0.252 g, 65%)H NMR (CDCl;, 400 MHz): 6 1.35 (s, 36H,
4 CMe&), 6.35 (m, 1H, H arom), 6.71 (m, 1H, H arom), 6.89 (m,
1H, H arom), 6.99 (m, 1H, H arom), 7.24 (m, 12H, 12 H arom),
7.41 (d,Jcp= 2.4 Hz, 2H, 2 H arom$P{1H} NMR (CDCls, 162.1
MHz): 6 —17.2 (d, P-C), 132.5 (d, P-O, Jpp = 31 Hz).13C{*H}
NMR (CDCls, 100.6 MHz): 6 30.9 (2 QMe3), 31.5 (2 Mey), 34.7
(2 CMe3), 35.3 (2CMe3), 121.5 (CH arom), 124.0 (CH arom), 124.7
(2 CH arom), 126.6 (2 CH arom), 128.3 (2 CH arom), 128.5 (2

order to facilitate the separation of the phases. The aqueous layelCH arom), 128.5 (2 CH arom), 129.6 (CH arom), 132.9 {z@m),

was extracted with CkCl, (2 x 10 mL). The organic phases were
combined and dried over M&Qs, and the solvent was removed.

133.6 (G arom), 133.7 (CH arom), 133.8 (2 CH arom), 134.0 (2
CH arom), 136.7 (dJcp = 12 Hz, 2 G arom), 145.8 (Ogarom),

The residue was chromatographed on silica (AcOEt/hexanes, 1:1)146.6 (2 OGarom). HRMS (El):m/z 716.3565, [M] (exact mass

to yield the desired product as a colorless oil (0.600 g, 76%).

calculated for GHs,03P, 716.3548).

Spectroscopic data for this compound match with those previously  2-(Bis(3,5-dimethylphenyl)phosphino)phenyl §)-3,3-Di-tert-

reported in the literaturé,
(9)-(2-Hydroxyethyl)(o-anisyl)phenylphosphine (9) A solution

of (9-(o-anisyl)(2-hydroxyethyl)phenylphosphin&orane (0.590

mg, 2.15 mmol) in toluene (15 mL) was treated with DABCO

(0.723 g, 6.44 mmol). The mixture was stirred for 4 days. The

butyl-5,5',6,6-tetramethylbiphenyl-2,2' -diyl Phosphite (4h). A
solution of (2-hydroxyphenyl)bis(3,5-dimethylphenyl)phosphine
(0.325 g, 0.97 mmol) in toluene (20 mL) was added dropwise over
(9-3,3-di-tert-butyl-5,3,6,6-tetramethyl-2,2bisphenoxyphospho-
rus chloride (§-3a; 0.39 g, 1.0 mmol) and NE{0.2 mL, 1.3 mmol)

solvent was removed, and the residue was filtered through a plugdissolved in toluene (40 mL). The resulting suspension was stirred

of silica (eluent EfO). Evaporation of the solution provided the
product as a colorless oil (0.366 g, 65%)]% = —12° (c 1.1,
THF). IH NMR (300 MHz, CDC}): 6 1.74 (br s, 1H, OH), 2.37
(m, 2H, PCH), 3.77 (s, 3H, OCH), 3.79 (m, 2H, CHO), 6.89 (m,
2H, 2 H arom), 7.06 (m, 1H, H arom), 7.30 (m, 44 H arom),
7.47 (m, 2H 2 H arom).3'P{*H} NMR (121.5 MHz, CDC)): ¢
—35.5.13C{1H} NMR (75.5 MHz, CDC}): ¢ 30.8 (d,Jcp = 10
Hz, PCH,), 55.9 (OCH), 60.6 (d,Jcp= 22 Hz, OCH), 110.7 (CH
arom), 121.3 (CH arom), 125.7 (dgp = 17 Hz, G, arom), 128.7
(CH arom), 128.8 (CH arom), 129.2 (CH arom), 130.7 (CH arom),
132.7 (d,Jcp = 4 Hz, CH arom), 133.3 (CH arom), 133.6 (CH
arom), 136.6 (br s, £arom), 161.3 (dJcp = 13 Hz, OG). HRMS
(El): mvz 260.0970, [M] (exact mass calculated fory£Ei;,0,P
260.0966).

2-(Bis(o-tolyl)phosphino)phenyl (S)-3,3-Di-tert-butyl-5,5',6,6-
tetramethylbiphenyl-2,2-diyl Phosphite (4f). A solution of 1f
(0.950 g, 3.10 mmol) in toluene (40 mL) was added dropwise to
(9-3,3-di-tert-butyl-5,5,6,6-tetramethyl-2,2bisphenoxyphospho-
rus chloride (§-3a; 1.297 g, 3.10 mmol) and NE{0.8 mL, 5.7
mmol) dissolved in toluene (40 mL). The resulting suspension was
stirred for 24 h and filtered, and the volatiles were removed, yielding
compound4f as a foamy white solid (1.500 g, 70%)]E% =
+306° (c 1.0, THF).*H NMR (CDCl;, 300 MHz): 6 1.21 (s, 9H,
CMe3), 1.28 (s, 9H, CMg), 1.81 (s, 3H, Me), 1.83 (s, 3H, Me),
2.23 (s, 3H, Me), 2.25 (s, 3H, Me), 2.26 (s, 3H, Me), 2.28 (s, 3H,
Me), 6.95 (m, 14H, 14 H arompBP{*H} NMR (Cg¢Ds, 121.5
MHz): 6 —39.9 (d, P-C), 130.0 (d Jpp= 44 Hz, P-0). 13C{H}
NMR (CD,Cly, 75.5 MHz): ¢ 16.6 (Me), 16.8 (Me), 20.4 (Me),
20.5 (Me), 21.1 (dJcp = 22 Hz, Me), 21.3 (dJcp = 22 Hz, Me),
31.2 (d,Jcp = 5 Hz, QMe;), 31.3 ((Mes3), 34.8 CMe3), 34.9
(CMe3), 121.9 (dJcp= 9 Hz, CH arom), 124.8 (CH arom), 125.6
(Cqarom), 126.3 (2 CH arom), 128.2 (CH arom), 128.3 &bm),
128.7 (CH arom), 128.8 (CH arom), 128.9 (CH arom), 129.3 (C
arom), 130.2 (m, 2 CH arom), 130.4 (CH arom), 130.9 &@®m),
132.2 (G arom), 132.4 (dJcp = 6 Hz, G arom), 133.2 (CH arom),
133.5 (CH arom), 134.6 (Carom), 135.0 (CH arom), 135.1 (d,
Jep = 5 Hz, G, arom), 135.4 (G arom), 137.8 (¢ arom), 138.8
(Cq arom), 142.6 (dJcp = 13 Hz, G, arom), 143.0 (dJcp = 14
Hz, G, arom), 144.7 (g arom), 145.4 (dJcp = 7 Hz, G, arom),
155.0 (m, G arom). HRMS (CI): m/z 688.3243, [M] (exact mass
calculated for G4Hs003P, 688.3235).

(33) Imamoto, T.; Oshiki, T.; Onozawa, T.; Kusumoto, T.; SatoJK.
Am. Chem. Sod99Q 112 5244.

for 24 h, the mixture was filtered, and the volatiles were removed.
The solid obtained was dissolved in,8tand passed through a
short pad of neutral alumina. The solution was evaporated, yielding
4h as a foamy white solid (0.370 g, 52%¥]P-o = +314° (c 0.9,
THF). *H NMR (CDCls, 500 MHz): ¢ 1.30 (s, 9H, CMg), 1.34
(s, 9H, CMe), 1.80 (s, 3H, Me), 1.82 (s, 3H, Me), 2.20 (s, 6H, 2
Me), 2.21 (s, 6H, 2 Me), 2.22 (s, 3H, Me), 2.27 (s, 3H, Me), 6.36
(m, 1H, H arom), 6.74 (m, 1H, H arom), 6.82 (m, 44H arom),
6.91 (m, 3H 3 H arom), 7.05 (m, 1H, H arom), 7.09 (s, 1H, H
arom), 7.15 (s, 1H, H arom§*P{*H} NMR (CDCl, 121.5 MHz):
0 —18.0 (d, P-C), 126.0 (d,Jpp = 41 Hz, P-0). 13C{H} NMR
(CDCl;, 75.5 MHz): 6 16.8 (Ar—Me), 17.0 (Ar—Me), 20.7 (Ar—
Me), 20.7 (Ar—Me), 21.6 (4 A—Me), 31.4 (d,Jcp = 6 Hz, CMe3),
31.5 (QVie;), 34.9 CMe3), 35.0 CMe3), 121.9 (dJcp= 6 Hz, CH
arom), 124.2 (CH arom), 128.0 (CH arom), 128.4 (CH arom), 129.7
(CH arom), 130.1 (ddjcp = 23, 5 Hz, G arom), 130.3 (CH arom),
130.6 (CH arom), 131.1 (dcp= 5 Hz, G;arom), 131.3 (CH arom),
131.6 (CH arom), 131.8 (Carom), 132.0 (CH arom), 132.3 (CH
arom), 132.8 (garom), 134.4 (CH arom), 134.6 {@rom), 135.3
(Cq arom), 136.8 (s, garom), 136.8 (dJcp = 25 Hz, G, arom),
137.6 (G arom), 137.7 (g arom), 137.7 (G arom), 137.8 (¢
arom), 137.8 (garom), 137.8 (garom), 138.6 (dJcp =2 Hz, G
arom), 145.1 (G arom), 145.6 (dJcp = 6 Hz, G, arom), 154.8
(dd, Jep = 20, 4 Hz, G arom). HRMS (El): m/z 716.3552, [M}
(exact mass calculated forgs,03P, 716.3548).
2-(Diphenylphosphino)ethyl §)-3,3-Di-tert-butyl-5,5',6,6-
tetramethylbiphenyl-2,2'-diyl Phosphite (6a).Over a solution of
(9-3a (0.350 g, 0.84 mmol) and NE(0.24 mL, 1.68 mmol) in
toluene (30 mL) was addeBia (0.195 g, 0.84 mmol) in toluene
(20 mL). The mixture was stirred for 16 h, filtered, and evaporated.
The resulting residue was dissolved in,&t(20 mL) and the
solution filtered through a short pad of neutral alumina. Solvent
evaporation producefla as a white foamy solid (0.338 g, 70%).
[0]?% = +117 (c 1.0, THF).'H NMR (CDCl;, 300 MHz): 6
1.37 (s, 9H, CMg), 1.47 (s, 9H, CMg), 1.77 (s, 6H, 2 Ar-Me),
2.19 (s, 3H, A-Me), 2.26 (s, 3H, Ar-Me), 2.32 (m, 2H, PCH),
3.36 (m, 1H, O®iH), 3.92 (m, 1H, OCH), 7.04 (s, 1H, H arom),
7.07 (s, 1H, H arom), 7.30 (m, 10H, 10 H aror®®{H} NMR
(CDCls, 121.5 MHz): 6 —24.4 (P-C), 128.9 (P-O). 13C{1H}
NMR (CDCls, 75.5 MHz): 6 16.8 Me—Ar), 16.9 (Me—Ar), 20.7
(Me—Ar), 20.8 Me—Ar), 30.4 (d,Jcp = 12.8 Hz, PCH), 31.3
(CMe3), 31.6 (d,Jcp = 5 Hz, OMe3), 34.8 CMe3), 34.9 CMey),
62.4 (d,Jcp = 29 Hz, CHO), 127.5 (d,Jcp = 6 Hz, G, arom),
128.6 (d,Jcp= 11 Hz, CH arom), 128.7 (dcp= 2 Hz, CH arom),



970 Organometallics, Vol. 25, No. 4, 2006

128.9 (CH arom), 129.0 (Larom), 129.3 (g arom), 130.8 (g
arom), 131.7 (CH arom), 131.9 (dgp = 4.7 Hz, G, arom), 132.6
(CH arom), 132.7 (CH arom), 132.8 (CH arom), 132.9 (CH arom),
133.0 (CH arom), 134.6 (CH arom), 135.2 (CH arom), 136.9 (CH
arom), 137.6 (garom), 137.8 (garom), 137.9 (garom), 138.1
(Cqarom), 138.3 (0g), 145.7 (2 OQ). HRMS (El): m/z612.2908,
[M]* (exact mass calculated forgEl460sP, 612.2922).

2-(Bis(o-tolyl)phosphino)ethyl (S)-3,3-Di-tert-butyl-5,5',6,8-
tetramethylbiphenyl-2,2-diyl Phosphite (6f). This compound was
prepared by following the procedure describeddarWhite foamy
solid (0.454 g, 55%).d]?% = +105 (c 1.0, THF).'H NMR
(CDCl;, 400 MHz): ¢ 1.42 (s, 9H, CMg), 1.54 (s, 9H, CMg),
1.84 (s, 3H, OA+Me), 1.86 (s, 3H, OAr-Me), 2.34 (m, 14H, 2
OAr—Me, 2 PAr—Me, PCH,), 3.4 (m, 1H, OGiH), 3.9 (m,1H,
OCHH), 7.17 (m, 10H, 10 H arom$P{*H} NMR (CDCls, 121.5
MHz): 6 —44.9 (P-C), 128.2 (P-O). 13C{'H} NMR (CDCl;, 75.5
MHz): 6 16.6 (OAr-Me), 16.8 (OAr-Me), 20.6 (2 OAr-Me),
21.0 (d,Jcp = 17 Hz, PA—Me), 21.4 (d,Jcp = 17 Hz, PAr-Me),
29.0 (d,Jcp = 14 Hz, PCH), 31.0 (2 QVes), 31.4 CMe3), 31.5
(CM83), 62.3 (d,Jcp: 29 Hz, OCI’D, 125.6 (d,Jcp: 18 Hz, CH
arom), 127.8 (CH arom), 128.2 (CH arom), 128.4Jsh= 19 Hz,
CH arom), 129.1 (¢ arom), 130.1 (CH arom), 130.3 {@rom),
130.8 (CH arom), 131.4 (CH arom), 131.7 (g &om), 132.4 (2
Cy arom), 134.4 (CH arom), 135.0 (CH arom), 135.6J¢h = 12
Hz, G, arom), 135.8 (dJcp = 12 Hz, G arom), 136.9 (CH arom),
138.3 (G arom), 141.8 (garom), 142.1 (dJep = 25 Hz, G, arom),
142.4 (G arom), 145.6 (Ogarom), 145.7 (Ogarom). HRMS
(ED): m/z 640.3244, [M} (exact mass calculated forygElsoOsP,
640.3235).

2-(Bis(p-tolyl)phosphino)ethyl (S)-3,3-Di-tert-butyl-5,5',6,8-
tetramethylbiphenyl-2,2'-diyl Phosphite (6g).A solution of (p-
tolyl),PH (0.200 g, 0.93 mmol) and 2-bromoethanol (0.117 g, 0.93
mmol) in THF (20 mL) was treated with LiPh (1.0 mL, 1.9 M
solution in cyclohexanesEt,0). The reaction mixture was stirred
for 2 h, and then a solution 08)-3a (0.444 g, 0.93 mmol) in THF
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(P—C), 129.2 (P-0O). 13C{*H} NMR (CDCls, 75.5 MHz): 6 16.7
(OAr—Me), 16.8 (OAr—Me), 20.6 (OArMe), 20,7 (OAr—Me),
21.6 (4 Ar—Me), 30.6 (d,Jcp = 13.5 Hz, PCH), 31.3 (Mey),
31.6 (d,Jcp = 5 Hz, QMe3), 34.8 CMe3), 34.9 CMe3), 62.6 (d,
Jep = 31 Hz, OCH), 127.4 (d,Jcp = 6 Hz, G, arom), 127.9 (CH
arom), 128.2 (CH arom), 129.3 ¢@rom), 130.2 (CH arom), 130.4
(CH arom), 130.5 (CH arom), 130.7 (CH arom), 130.8 (CH arom),
131.2 (G arom), 131.8 (dJcp = 14 Hz, G, arom), 132.5 (garom),
134.6 (G arom), 135.2 (g arom), 136.9 (§ arom), 137.4 (¢
arom), 137.5 (garom), 137.7 (garom), 137.8 (Garom), 138.0
(d, Jcp= 7 Hz, CH arom), 138.2 (Carom), 145.4 (dJcp = 4 Hz,
OC, arom), 145.6 (dJcp = 5 Hz, OG, arom), 154.5(dJcp = 3
Hz, OG, arom). HRMS (EI): m/z 668.3557, [M] (exact mass
calculated for GHs,05P, 668.3548).

2-(Diphenylphosphino)ethyl 3,35,5-Tetra-tert-butylbiphenyl-
2,2-diyl Phosphite (6i). The synthesis of this ligand was effected
as described fo8a, starting from phosphinga. White solid (0.344
g, 66%).*H NMR (CDCl3, 300 MHz): 6 1.31 (s, 18 H, 2 CMg),
1.42 (s, 18 H, 2 CMg), 2.35 (t,Jup = 8.3 Hz, 2H, PCH), 3.81 (m,
2H, OCH,), 7.09 (d,Jcp = 2.3 Hz, 2H, 2 H arom), 7.25 (m, 10H,
10 H arom), 7.37 (dJcp = 2.1 Hz, 2H, 2 H arom)3'P{*H} NMR
(CDClz, 121.5 MHz): 6 —24.6 (P-C), 133.5 (P-0). 13C{1H}
NMR (CDCl;, 75.5 MHz): 6 30.3 (d,Jcp = 16 Hz, PCH), 31.3
(d, Jcp = 3 Hz, 2 QVe;), 31.8 (2 QMes), 34.9 (2CMey), 35.7 (2
CMej), 62.6 (d,Jcp = 46 Hz, CHO), 124.4 (2 CH arom), 126.8 (2
CH arom), 128.6 (2 CH arom), 128.7 (2 CH arom), 128.9, (2 CH
arom), 132.6 (2 CH arom), 132.7 {@rom), 132.8 (garom), 132.9
(2 CH arom), 137.6 (garom), 137.8 (garom), 139.9 (2 garom),
146.6 (4 G arom). HRMS (El): m/z 668.3503, [M} (exact mass
calculated for GHs,03P, 668.3548).

2-((S)-(o-Anisyl)phenylphosphino)ethyl (§)-3,3-Di-tert-butyl-
5,5,6,8-tetramethylbiphenyl-2,2-diyl Phosphite (6j). White foamy
solid (0.155 g, 63%).d]2% = +376 (c 1.0, THF).1H NMR (300
MHz, CDCl): 6 1.38 (s, 9H, CMg), 1.46 (s, 9H, CMg), 1.71 (s,
3H, CHs), 1.76 (s, 3H, Ch), 2.15 (s, 3H, Ch), 2.25 (s, 3H, Ch),

(20 mL) was added. The suspension was stirred for 16 h and filtered,2.35 (m, 2H, PCH), 3.49 (m, 1H, OEIH), 3.72 (s, 3H, OCH),
and the volatiles were evaporated. The remaining residue was3.83 (m, 1H, O@iH), 6.84 (m, 2H 2 H arom), 6.93 (m, 1H, H

dissolved in EfO and filtered through a short pad of neutral
alumina. Solvent evaporation yieldéd as a white solid (0.302 g,
50%). [o]?% = +108 (c 1.0, THF).'H NMR (CDCls, 400 MHz):
0 1.32 (s, 9H, CMg), 1.43 (s, 9H, CMg), 1.74 (s, 6H, 2 PAr
Me), 2.16 (s, 3H, OArMe), 2.40 (m, 2H, PCH), 2.23 (s, 3H,
OAr—Me), 2.29 (s, 3H, OAr-Me), 2.31 (s, 3H, OAr-Me), 3.32
(m, 1H, OCHH), 3.87 (m, 1H, OEIH), 7.29 (m, 10H, 10 H arom).
S1P{1H} NMR (CDCls, 121.5 MHz): 6 —26.5 (P-C), 127.3 (P-
0). B8C{*H} NMR (CDCls, 75.5 MHz): 6 16.5 (Ar—Me), 16.6
(Ar—Me), 20.3 (Ar—Me), 20.4 (Ar—Me), 21.3 (2 PAF-Me), 30.2
(d, Jcp = 11 Hz, PCH), 31.0 (QMey), 31.3 (d,Jcp = 9 Hz, V&),
34.5 CMe3), 34.6 CMej), 62.3 (d,Jcp = 30 Hz, OCH), 126.6
(Cq arom), 126.8 (g arom), 127.2 (g arom), 127.7 (CH arom),
128.0 (CH arom), 128.7 (2 {arom), 129.2 (CH arom), 129.3 (d,
Jep= 3 Hz, CH arom), 129.3 (CH arom), 129.4 (3 &om), 130.5
(CH arom), 131.4 (garom), 132.3 (CH arom), 132.4 (dsp = 3
Hz, CH arom), 132.6 (CH arom), 134.3 (2, @rom), 134.9 (¢
arom), 136.6 (garom), 138.0 (Ogarom), 138.5 (dJcp = 5 Hz,
OC, arom), 145.4 (Ogarom). HRMS (EI): m/z 640.3257, [M}
(exact mass calculated forgs005P, 640.3235).
2-(Bis(3,5-xylyl)phosphino)ethyl §)-3,3-Di-tert-butyl-5,5',6,6-
tetramethylbiphenyl-2,2-diyl Phosphite (6h).This compound was
synthesized as described fy. White foamy solid (0.332 g, 60%).
[0]?% = +108 (c 1.0, THF).'H NMR (CDCl;, 300 MHz): o
1.33 (s, 9H, CMg), 1.44 (s, 9H, CMg), 1.75 (s, 6H, 2 PArMe),
2.17 (m, 2H, PCh), 2.16 (s, 3H, OArMe), 2.21 (s, 6H, 2 PAr
Me), 2.22 (s, 3H, OArMe), 2.24 (s, 3H, OAr-Me), 2.29 (s, 3H,
OAr—Me), 3.4 (m, 1H, G-CHH), 3.9 (m, 1H, G-CHH), 6.92 (m,
5H, 5 H arom), 7.00 (s, 1H, H arom), 7.12 (s, 1H, H arom), 7.22
(s, 1H, H arom)3P{1H} NMR (CDCl3, 121.5 MHz): 6 —25.5

arom), 7.03 (s, 1H, H arom), 7.15 (s, 1H, H arom), 7.31 (m, 6H, 6
H arom).3P{*H} NMR (121.5 MHz, CDC}): 6 —34.2 (P-C),
127.5 (P-0). 13C{'H} NMR (75.5 MHz, CDC}): ¢ 16.8 (Me),
16.9 (Me), 20.7 (Me), 20.8 (Me), 28.5 (dcp = 14 Hz, PCH),
31.3 ((Me3), 31.6 (d,Jcp = 5 Hz, OMe3), 34.9 CMe3), 34.9
(CMe3), 55.7 (OMe), 62.9 (dJcp = 31 Hz, OCH), 110.4 (CH
arom), 121.2 (CH arom), 125.9 (dzp = 14 Hz, G, arom), 127.9
(CH arom), 128.4 (CH arom), 128.5 (CH arom), 128.6 (CH arom),
128.9 (CH arom), 130.4 (CH arom), 130.84(&om, 131.7 (¢
arom), 131.9 (dJcp = 5 Hz, G, arom), 132.5 (g arom), 132.6
(CH arom), 132.9 (CH arom), 133.2 (CH arom), 134.G &om),
135.2 (G arom), 136.6 (dJcp= 11 Hz, G arom), 136.9 (garom),
138.3 (G arom), 145.6 (m, 2 Ogarom), 161.1 (dJcp = 13 Hz,
OC, arom). HRMS (El):m/z642.3029, [M} (exact mass calculated
for C39H4804P2 6423028)

2-((S)-(o-Anisyl)phenylphosphino)ethyl R)-3,3-Di-tert-butyl-
5,5,6,8-tetramethylbiphenyl-2,2-diyl Phosphite (6k). White
foamy solid (0.154 g, 63%)0]?’, = —358’ (¢ 1.0, THF)."H NMR
(300 MHz, CDC¥): 6 1.34 (s, 9H, CMg), 1.45 (s, 9H, CMg),
1.76 (s, 3H, Me), 1.77 (s, 3H, Me), 2.15 (s, 3H, Me), 2.25 (s, 3H,
Me), 2.35 (m, 2H, PCh), 3.32 (m, 1H, OEiH), 3.70 (s, 3H, OMe),
3.95 (m, 1H, OGiIH), 6.83 (m, 2H 2 H arom), 6.94 (m, 1H, H
arom), 6.97 (s, 1H, H arom), 7.15 (s, 1H, H arom), 7.31 (m, 6H, 6
H arom).3P{*H} NMR (121.5 MHz, CDC}): 6 —34.7 (P-C),
126.9 (P-0O). 13C{'H} NMR (75.5 MHz, CDC}): ¢ 16.8 (Me),
17.0 (Me), 20.7 (2 Me), 28.5 (dcp= 12 Hz, PCH), 31.3 (Me3),
31.6 (d,Jcp =5 Hz, QMe&3), 34.8 CMe3), 34.9 CMey), 55.7 (OMe),
62.9 (d,Jcp = 31 Hz, OCH), 110.4 (CH arom), 121.2 (CH arom),
125.7 (d,Jcp = 14 Hz, G, arom), 128.0 (CH arom), 128.4 (CH
arom), 128.6 (CH arom), 128.7 (CH arom), 128.9 (CH arom), 130.4
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(CH arom), 130.7 (garom), 131.7 (garom), 132.0 (dJcp = 5
Hz, G, arom), 132.1 (dJcp = 3 Hz, CH arom), 132.6 (Earom),
133.1 (CH arom), 133.4 (CH arom), 134.64(&rom), 135.2 (¢
arom), 136.8 (garom), 136.9 (dJcp = 13 Hz, G arom), 138.3
(Cq arom), 145.8 (m, 2 Ogarom), 161.1 (dJcp = 14 Hz, OG
arom). HRMS (El): n/z 642.3057, [M] (exact mass calculated
for C3gHg04P, 642.3028).

[Ir(COD)(4a)]BF 4 (10a). A mixture of [IrCI(COD)], (0.050 g,
0.075 mmol) and AgBF(0.030 g, 0.15 mmol) in DME (2 mL)
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C44HezBF4|rO3P2'1.5C|'|2C|2: C, 49.35; H, 5.92. Found: C, 49.48;
H, 5.72.

[Ir(COD)(4c)]BF 4 (10c). This complex was synthesized as
described forl0a Red solid (0.108 g, 65%}H NMR (CD.Cl,,
300 MHz): 6 1.12 (s, 9H, CMg), 1.48 (s, 9H, CMg), 1.76 (s, 3H,
Ar—Me), 1.86 (s, 3H, Ar-Me), 1.89 (d, 3HJup = 4.5 Hz, P-Me),
1.97 (d, 3H,J4p = 6.0 Hz, P-Me), 2.26 (br m, 9H, 4CH COD
and=CH COD), 2.28 (s, 3H, ArMe), 2.31 (s, 3H, Ar-Me), 3.35
(br m, 1H,=CH COD), 5.25 (br m, 1H=CH COD), 5.39 (br m,

was stirred for 0.5 h. The suspension was filtered through Celite, 1H,=CH COD), 6.85 (br m, 1H, H arom), 7.21 (s, 1H, H arom),

and to the solution obtained was added dropwise ligéa(D.100
g, 0.15 mmol) dissolved in DME (10 mL). The color changed from

7.33 (s, 1H, H arom), 7.40 (m, 38 H arom).3P{'H} NMR
(CD.Cl,, 121.5 MHz): 6 —23.3 (d, P-C), 114.5 (d, P-O, Jpp =

orange to red. The reaction mixture was evaporated, and the42 Hz).'3C{*H} NMR (CD.Cl,, 75.5 MHz): 6 10.0 (d,Jcp = 36

resulting solid was washed with & (2 x 5 mL). The solid
obtained was dissolved in GBI, and precipitated by slow addition
of E,O (30 mL), producinglOaas a red powder (0.112 g, 70%).
IH NMR (CDCl3, 300 MHz): 6 1.23 (s, 9H, CMg), 1.25 (s, 9H,
CMey), 1.74 (s, 3H, A-Me), 1.88 (s, 3H, Ar-Me), 2.28 (m, 8H,

4 CH, COD), 2.29 (s, 3H, A+Me), 2.33 (s, 3H, Ar-Me), 3.10 (br

m, 1H,=CH COD), 4.49 (br m, 1H=CH COD), 4.90 (br m, 1H,
=CH COD), 5.40 (br m, 1Hs=CH COD), 7.25 (m, 414 H arom),
7.24 (s, 1H, H arom), 7.31 (s, 1H, H arom), 7.55 (m, 1H, H arom),
7.52 (m, 6H 6 H arom), 7.84 (m, 2H, H arom¥$!P{*H} NMR
(CDCls, 121.5 MHz): 6 3.2 (d, P-C), 113.5 (d, P-O, Jpp = 42
Hz). BC{H} NMR (CDCl, 75.5 MHz): 6 16.6 (Ar—Me), 16.7
(Ar—Me), 20.4 (Ar—Me), 20,6 (Ar—Me), 29.4 (CH COD), 30.8
(CH, COD), 31.4 (®/e3), 31.7 (CH COD), 32.1 (®/e3), 32.8 (CH
COD), 82.5 (d,Jcp = 12 Hz,=CH COD), 95.5 (dJcp = 8 Hz,
=CH COD), 101.0 (dJcp = 15 Hz,=CH COD), 103.4 (dJcp =

16 Hz,=CH COD), 123.4 (garom), 123.7 (CH arom), 124.6 {C
arom), 125.4 (garom), 126.7 (dJcp = 6 Hz, CH arom), 128.0
(Cq arom), 128.9 (garom), 129.0 (CH arom), 129.7 (CH arom),
129.7 (CH arom), 129.8 (CH arom), 129.9 (CH arom), 132.1 (CH
arom), 132.7 (CH arom), 132.9 (2 CH arom), 133.2 (CH arom),
133.3 (CH arom), 134.2 (CH arom), 134.6 (4 &om), 135.0 (2
Cq arom), 135.5 (CH arom), 135.7 (CH arom), 135.9 (2atom),
137.0 (2 G arom), 137.4 (Ogarom), 137.7 (Ogarom), 139.1
(OCyarom). Anal. Calcd for €HsgBF4lrOsP,:0.5CHCL,: C, 55.90;

H, 5.74. Found: C, 56.19; H, 5.63.

[Ir(COD)(4b)]BF 4 (10b). This complex was prepared as de-
scribed forl0a Red solid (0.130 g, 78%}H NMR (CD,Cl,, 300
MHZ)Z 0 0.99 (dd,SJHp =14 HZ,SJHH = 6.9 Hz, 3H, CHMGMG),
1.16 (s, 9H, CMg), 1.25 (dd 2Jyp = 17.4 Hz,3Jyy = 10.5 Hz, 3H,
CHMeMe), 1.43 (dd3Jpy = 18.9 Hz,2Jyy = 9 Hz, 3H, CHVieMe),
1.47 (s, 9H, CMg), 1.52 (dd, 3H3J4p = 19.4 Hz,3Jyy = 7.5 Hz,
CHMeMe), 1.52 (dd, 1H3Jyp = 19.4 Hz,2Jyy = 7.5 Hz, (HMey),
1.76 (s, 3H, Ar-Me), 1.84 (s, 3H, Ar-Me), 2.35 (m, 9H, 4 CH
COD, (HMey), 2.29 (s, 3H, Ar-Me), 2.31 (s, 3H, Ar-Me), 3.42
(br m, 1H,=CH COD), 5.11 (br m, 1H=CH COD), 5.68 (br m,
1H, =CH COD), 6.01 (br m, 1H=CH COD), 6.70 (m, 1H, H
arom), 7.22 (s, 1H, H arom), 7.33 (s, 1H, H arom), 7.45 (m, 1H, H
arom), 7.49 (m, 2H, H arom)3P{H} NMR (CD,Cl,, 121.5
MHz): ¢ 7.4 (d, P-C), 111.0 (d, P-O, Jpp = 37 Hz).13C{1H}
NMR (CD.Cly, 75.5 MHz): 6 16.5 (Ar—Me), 16.7 (Ar—Me), 17.3
(CHMeMe), 17.6 (d,Jcp = 5 Hz, CHVeMe), 19.6 (CHVieMe),
20.3 (Ar—Me), 20.5 (Ar-Me), 21.9 (CHVieMe), 24.4 (d Jcp = 28
Hz, CHMe,), 28.8 (CH COD), 29.3 (CH COD), 29.9 (dJcp =
29 Hz,CHMey), 31.8 ((Mes), 32.5 (QMle3), 33.2 (CH COD), 33.4
(CH, COD), 35.0 CMe3), 35.2 CMe3), 79.4 (d,Jcp = 11 Hz,=
CH COD), 90.8 (dJcp = 8 Hz, =CH COD), 98.1 (dJcp = 13
Hz,=CH COD), 99.6 (dJcp= 17 Hz,=CH COD), 113.1 (dJcp
= 7 Hz, G, arom), 124.0 (CH arom), 126.6 (dep = 3 Hz, CH
arom), 129.2 (CH arom), 129.4 {@rom), 129.7 (CH arom), 131.9
(CH arom), 133.8 (CH arom), 134.2 {@rom), 134.6 (Garom),
134.7 (G arom), 135.8 (garom), 136.6 (Garom), 137.4 (dJcp
= 14 Hz, G arom), 138.0 (g arom), 143.9 (dJcp = 7 Hz, OG,
arom), 144.3 (Og arom), 144.5 (Og arom). Anal. Calcd for

Hz, P-Me), 16.1 (d,Jcp = 37 Hz, P-Me), 16.6 (Ar-Me), 16.7
(Ar—Me), 20.4 (Ar-Me), 20.6 (Ar—Me), 30.0 (CH COD), 30.8
(CH, COD), 31.7 (®/e3), 31.8 (AVle3), 32.3 (CH COD), 32.4 (CH
COD), 34.8 CMe3), 35.2 CMej), 83.5 (d,Jcp = 11 Hz,=CH
COD), 94.3 (d,Jcp = 7 Hz,=CH COD), 98.8 (dJcp = 17 Hz,
=CH COD), 100.5 (dJcp = 14 Hz,=CH COD), 123.4 (CH arom),
127.1 (d,Jcp = 6 Hz, CH arom), 129.0 (CH arom), 129.6 (2 CH
arom), 133.8 (CH arom), 134.2 {@rom), 134.6 (garom), 134.7
(Cq arom), 135.8 (garom), 136.7 (Garom), 137.5 (dJcp = 14
Hz, G arom), 143.7 (garom), 144.5 (garom), 144.7 (garom),
149.2 (OG arom), 150.4 (Ogarom), 154.3 (dJcp = 7 Hz, OG,
arom). Anal. Calcd for ¢gHs54BF4IrO3P,-0.5CHCl,: C, 50.34; H,
5.74. Found: C, 50.06; H, 5.54.

[Ir(COD)(6a)]BF 4 (11a). This complex was prepared as de-
scribed forl0a Red solid (0.108 g, 65%}H NMR (CDCl;, 500
MHz): ¢ 1.34 (s, 9H, CMg), 1.57 (s, 9H, CMg), 1.73 (s, 3H,
Ar—Me), 1.82 (s, 3H, Ar-Me), 1.97 (m, 4H, 2 CH COD), 2.23
(m, 10H, Ar—Me, 2 CH, COD), 3.04 (m, 1H, PEH), 3.19 (m,
1H, PCHH), 3.56 (br m, 1H=CH COD), 4.06 (br m, IHCHHO),
4.27 (br m, 1IH=CHCOD), 4.71 (br m, 1H, 6HO), 4.92 (br m,
1H, =CHCOD), 5.43 (br m, 1H=CHCOD), 7.15 (br s, 1H, CH
arom), 7.20 (br s, 1H, CH arom), 7.35 (m, 2H, 2 CH arom), 7.52
(br m, 3H, 3 CH arom), 7.59 (m, 3H, 3 CH arom), 7.94 (m, 2H, 2
CH arom).3'P{*H} NMR (CDCl;, 202.4 MHz): 6 —5.1 (d, P-C),
98.9 (d, P-O, Jep = 42.5 Hz). 13C{H} NMR (CDCl;, 125.8
MHz): ¢ 16.4 (Ar—Me), 16.6 (Ar—Me), 20.3 (Ar—Me), 20.4 (Ar—
Me), 25.0 (dd,Jcp = 9 Hz, CHP), 29.3 (CH COD), 30.6 (CH
COD), 31.2 (CH COD), 31.6 (Q/e3), 32.0 (CH COD), 32.4
(CMe3), 34.9 CMes), 35.0 CMe3), 65.1 (OCH), 82.6 (d,Jcp =
11 Hz,=CH COD), 94.4 (d,Jcp = 8 Hz,=CH COD), 98.1 (dJcp
= 14 Hz,=CH COD), 100.5 (dJcp = 15 Hz,=CH COD), 127.9
(d, Jcp = 10 Hz, G, arom), 128.0 (CH arom), 128.3 {Grom),
128.4 (G arom), 129.0 (garom), 129.2 (CH arom), 129.5 (CH
arom), 129.6 (CH arom), 129.7 (CH arom), 129.8 (CH arom), 131.1
(CH arom), 131.2 (CH arom), 131.9 (CH arom), 133.0 (CH arom),
133.8 (G arom), 134.0 (g arom), 134.9 (CH arom), 135.0 (CH
arom), 135.3 (garom), 136.0 (garom), 136.9 (garom), 137.1
(Cq arom), 143.7 (dJcp = 13 Hz, OG, arom), 144.5 (dJcp = 7
Hz, OG, arom). Anal. Calcd for ggHsgBF4lrO3P,:0.5CHCl,: C,
53.58; H, 5.71. Found: C, 53.60; H, 5.37.

[Ir(COD)(61)]BF 4 (11i). This complex was obtained as described
for 10a Red solid (0.108 g, 65%JH NMR (CDCl;, 500 MHz):

0 1.33 (s, 18H, 2 CMg), 1.51 (s, 18H, 2 CMg, 2.14 (m, 8H, 4
CH, COD), 3.17 (m, 2H, PCh), 4.48 (m, 2H, CHO), 4.6 (br m,
2H, 2=CH COD), 4.72 (br m, 2H, 2=CH COD), 7.14 (br m, 2H,
2 CH arom), 7.47 (br m, 2H, 2 CH arom), 7.59 (m, 6H, 6 CH
arom), 7.68 (m, 4H, 4 CH arom§!P{*H} NMR (CDCl;, 202.4
MHz): 6 —3.53 (d, P-C), 101.0 (d, P-O, Jpp= 42.5 Hz).23C{1H}
NMR (CDCl; 125.8 MHz): 6 25.0 (PCH), 30.0 (2 CH COD),
31.4 (2 Mes), 31.5 (2 CH COD), 31.7 (2 ®/e3), 34.8 (2CMey),
35.6 (2CMe;), 65.2 (CHO), 88.8 (br, 2=CH COD), 99.7 (dJcp

= 15 Hz, 2=CH COD), 125.3 (2 CH arom), 127.4 (2 CH arom),
127.9 (G arom), 128.4 (g arom), 129.6 (2 CH arom), 129.7 (2
CH arom), 130.6 (2 g¢arom), 132.6 (2 CH arom), 133.1 (2 CH
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arom), 133.2 (2 CH arom), 139.5 (2,@rom), 144.7 (g arom),
144.8 (G arom), 148.4 (2 g¢arom). Anal. Calcd for GHeeBFs-
IrOsP,:CH,Cl,: C, 53.70; H, 6.01. Found: C, 53.58; H, 6.05.
Ir(Cl)(CO)(4a) (12i). A solution of ligand4a (0.100 g, 0.14
mmol) in THF (5 mL) was added slowly over a stirred solution of
[Ir(COD)CI], (0.047 g, 0.07 mmol) in THF (5 mL). The mixture

was stirred for 0.5 h, and then CO was bubbled through the solution fw

for 0.25 h, changing the solution color from orange to yellow. The
solvent was evaporated and the resulting solid crystallized from
n-hexane as pale yellow crystals (0.090 g, 66%). IRCO) 2027
cm~1 (Nujol mull). IH NMR (CDCls, 400 MHz): ¢ 1.28 (s, 18H,

2 CMe), 1.32 (s, 18H, 2 CMg, 6.7 (t,dun = 8 Hz, 1H, H arom),
7.14 (m, 3H 3 H arom), 7.50 (m, 14H, 14 H aron?P{*H} NMR
(CDCl;, 121.5 MHz): 6 10.6 (d, P-C), 101.6 (d, P-O, Jpp = 49
Hz).13C{H} NMR (CDCl;, 75.5 MHz): 6 31.7 (2 QMe3), 31.9 (2
CMez), 35.0 (2CMejy), 35.8 (2CMejy), 119.8 (d,Jcp = 7 Hz, G
arom), 120.6 (dJcp = 8 Hz, G, arom), 122.9 (2 garom), 125.6

(2 CH arom), 125.7 (garom), 127.0 (2 CH arom), 127.8 (2,C
arom), 128.8 (2 CH arom), 128.9 (2 CH arom), 131.4 (2 CH arom),
131.6 (CH arom), 133.4 (CH arom), 135.1 (2 CH arom), 135.2 (2
CH arom), 140.3 (dJcp = 4 Hz, CH arom), 144.8 (2 £arom),
145.0 (2 OG arom), 147.7 (CH arom), 155.2 {Grom), 178.0
(dd, Jep = 119, 15 Hz, CO). Anal. Calcd for fHs4ClirO4P,: C,
58.04; H, 5.60. Found: C, 57.62; H, 5.59.

General Procedure for Catalytic Hydrogenations. These
reactions were performed from the appropriate phosphine
phosphite, imine, and [Ir(COD)Cllas exemplified by entry 1 of
Table 3. Over a solution of [Ir(COD)CJ](0.0033 g, 4.2«mol) in
CH,CI; (1 mL) was added dropwise a solution & (0.0069 g,
10.8umol) in CHCI, (1 mL). The mixture was stirred for 15 min
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Table 4. Crystallographic Data and Structure Refinement
Details for 11i and 12i

11i 12i

chem formula G1HgeBCloF4IrOsP; Cy4H54ClIrO4P»
((CsoHeeO3PoIr) *(BF4)
CH.Cly)
1140.90 972.49

cryst size, mm 0.3% 0.32x 0.27 0.35x 0.29x 0.23
cryst syst orthorhombic monoclinic
space group P2,2:21 P2:/n
a, 9.3435(4) 12.7635(3)
b, A 13.4875(7) 13.3844(3)
c, A 39.710(2) 26.0174(7)
o, deg 90.0 90.0
f, deg 90.0 98.6940(10)
y, deg 90.0 90.0
vV, A3 5004.3(4) 4393.53(19)
VA 4 4
Deaics g CNT3 1.514 1.470
u, mnrt 2.895 3.214
F(000) 2320 1968
6 range, deg 2.1630.79 2.22-30.54
no. of measd rfins 48 981 34 557

no. of unique rfins 14 714K, = 0.0259)
min, max transm factors 0.4307, 0.508

13 414R, = 0.0206)
0.3992, 0.5252

no. of data/restraints/  14714/554/578 13414/0/496
params

R(F) (F2= 20(F?)2 0.0363 0.0227

no. of obsd reflections 13567 12 034

R.(F?) (all data¥y 0.0904 0.0555

GOF (all datad 1.032 1.058

abs structure pargdm ~ —0.001(5)

aR(F) = 3||Fol — [Fell/S||Fol for 13 567 (for1li) or 12 034 (for12i)
observed reflection®.Ry(F?) = (S [W(Fo? — FAY/3[W(FAY)Y2 ¢ GOF

and then transferred to the pressure reactor, and finally a solution= (s [w(F,2 — F2/(n — p))~2 wheren andp are the number of data and

of substrated 3a(0.192 g, 0.98 mmol) in CkCl, (8 mL) was added.
The reactor was purged three times with &hd then pressurized
to 30 atm of H. The reaction mixture was stirred for 22 h, the

parameters? Flack, H. D.Acta Crystallogr.1983 A39, 876-881.

arom), 147.2 (C+Cq arom). p]?%5 = —6.7 (c 1.0, MeOH).

volatiles were evaporated, and the conversion was determined byChiralcel OJ, 30C, n-hexane-'PrOH (93:7), flow 1.0 mL/mintg

IH NMR on the resulting residue. The latter was redissolved in a
n-hexane-AcOEt (1:1) mixture and the solution filtered through

Celite to remove metal impurities. The enantiomeric excess was

determined in the resulting solution by chiral HPLC.

N-(1-Phenyl)-1-phenylethylamine (14a)Chiralcel OJ, 3C°C,
n-hexane-"PrOH (93:7), flow 1 mL/mintz = 15.5 min R), tr =
17.7 min §).

N-(1-Phenyl)-1{p-tolyl)ethylamine (14b). Colorless oil. H
NMR (CDCls, 300 MHz): 6 1.53 (d,Jun = 6.9 Hz, 3H, CH), 4.0
(brs, 1H, NH), 4,5 (9Jun = 6.3 Hz, 1H, CH), 6.54 (dJun = 8.1
Hz, 2H, 2 H arom), 6.68 (tJuy = 7.2 Hz, 1H, 1 H arom), 7.10
7.18 (m, 4H 4 H arom), 7.28 (dJun = 7.8 Hz, 2H, 2 H arom).
13C{*H} NMR (CDCl3 75.5 MHz): 6 21.4 (Ar—Me), 25.4 (CH),
53.4 (CH), 113.6 (2), 117.4, 126.0 (2), 129.4 (2), 129.6 (2) (9 CH
arom), 136.7 (Garom), 142.5 (garom), 147.6 (N-Cy). [0]%% =
—2.6° (c 1.0, MeOH). Chiracel 0J, 38C, n-hexane-'PrOH (93:
7), flow 1.0 mL/min,tg = 11.6 min ), tr = 13.9 min ). HRMS
(El): m/z 211.1362, [M] (exact mass calculated for;4E;7N
211.1361).

N-(1-Phenyl)-1-f-methoxyphenyl)ethylamine (14c)Chiralcel
AD, 30 °C, n-hexane, flow 1.0 mL/mintg = 8.4 min (-), tr =
9.2 min ().

N-(1-Phenyl)-1-p-fluorophenyl)ethylamine (14d). Chiralcel
0J, 30°C, n-hexane-'PrOH (99:1), flow 1.0 mL/mintr = 30.2
min (+), tr = 34.0 min ).

N-(1-Phenyl)-1-fp-chlorophenyl)ethylamine (14e).Colorless
oil. 'H NMR (CDCls, 300 MHz): 6 1.47 (d,Jun = 6.6 Hz, 3H,
CHs), 3.99 (br s, 1H, NH), 4.4 (gluw = 2.1 Hz, 1H, CH), 6.46 (d,
Jun = 7.8 Hz, 2H, 2 H arom), 6.6 (4 = 7.2 Hz, 1H, 1 H arom),
7.23-7.31 (m, 4H 4 H arom).*3C{*H} NMR (CDCl; 75.5 MHz):
0 25.4 (CHy), 53.2 (CH), 113.5 (2CH arom), 117.4 (2CH arom),
129.0 (2CH arom), 129.4 (2CH arom), 132.6,@om), 144.1 (¢

= 14.3 min (+), tg = 16.2 min ). HRMS (EI): m/z 231.0810,
[M]* (exact mass calculated for4,/N 231.0815).

N-(p-Methoxyphenyl)-1-phenylethylamine (14f).Chiralcel AD,
30 °C, n-hexane-'PrOH (99:1), flow 1.0 mL/mintg = 8.0 min
(+), tr = 8.6 min ().

Computational Details. The electronic structures and geometries
of the model complexeb—V were computed within the density
functional theory at the B3LYP levé!3>Two different basis sets
have been used depending on the size of the system. Forlcases
andll, all the H, C, O, and P atoms were described using the
6-31G* basis set. For cas#$ —V the O and P atoms, and the H
and C atoms corresponding to the iridacycle, were described with
the 6-31G* basis set while other H and C atoms were described
with the 3-21G* basis set. In all cases, the Ir atom is described
with the Stuttgart Relativistic Small Core ECP Basis 3&or cases
I—11l" vibrational frequency calculations were done by diagonal-
ization of the analytically computed Hessian to ensure that the
optimized structures were real minima (NImag 0). All the
calculations were performed using the Gaussian98 packat)¢Z
coordinates of all optimized complexes are given in the Supporting
Information.

X-ray Structure Determinations. Crystallographic data were
collected with a Bruker-Nonius X8Apex-1l CCD diffractometer
using graphite-monochromated MauK radiation ¢ = 0.710 73
A). The data were reduced (SAIN)and corrected for Lorentz
polarization and absorption effects by multiscan methods
(SADABS)3® Structures were solved by direct methods (SIR-
2002Y9 and refined against ali? data by full-matrix least-squares

(34) Becke, A. D.J. Chem. Phys1993 98, 5648.

(35) Lee, C.; Wang, Y.; Parr, R. ®hys. Re. B 1988 37, 785.

(36) Dolg, M.; Stoll, H.; Preuss, H.; Pitzer, R. M. Phys. Chenl993
97, 5852.
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techniques (SHELXTL-6.12% All the non-hydrogen atoms were
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on their respective carbon atoms with isotropic displacement

refined with anisotropic displacement parameters. The hydrogen parameters. A summary of cell parameters and data collection and
atoms were included from calculated positions and refined riding structure solution and refinement details is given in Table 4.

(37) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.
W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. AGaussian 98revision A.7; Gaussian,
Inc.: Pittsburgh, PA, 1998.

(38) SAINT 6.02; BRUKER-AXS, Inc., Madison, WI, 19971.999.

(39) Sheldrick, G. SADABS; Bruker AXS, Inc., Madison, WI, 1999.

(40) Burla, M. C.; Camalli, M.; Carrozzini, B.; Cascarano, G. L;
Giacovazzo, C.; Polidori, G.; Spagna, R.Appl. Crystallogr.2003 36,
1103.

Acknowledgment. We gratefully acknowledge the Minis-
terio de Educacio y Ciencia (Grant No. PPQ2003-00975) and
the Fundacin Ramm Areces for financial support. S.G. and
M.R. thank the Ministerio de Educdcicgy Ciencia for FPI and
FPU fellowships, respectively.

Supporting Information Available: Crystallographic details
as CIF files and tables giviniYZ coordinates of the optimized
structures of model complexés V. This material is available free
of charge via the Internet at http://pubs.acs.org.

OMO050885T

(41) SHELXTL 6.14; Bruker AXS, Inc., Madison, WI, 206@003.
(42) Grotjahn, D. B.; Joubran, C.; Combs,DOrganomet. Cheni999
589, 115.



