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27.1
Introduction

Bidentate phosphorus ligands containing one or more heteroatom-phosphorus
bonds are of high interest because they are relatively easy to prepare, and be-
cause a huge multitude of inexpensive, commercially available chiral diols, dia-
mines, amino alcohols and amino acids can serve as the scaffold. Although the
heteroatoms in these scaffolds are usually electronegative in nature, the reactiv-
ity and enantioselectivity of the metal complexes based on some of these ligands
are quite remarkable, and sometimes even surpass those of the complexes
based on electron-rich phosphines. This chapter compiles the comprehensive
data concerning the asymmetric hydrogenation of various prochiral olefins
mediated by the rhodium(I) complexes of this class of chiral ligands.

27.2
Aminophosphine-Phosphinites (AMPPs)

The ease of synthesis from chiral amino alcohols with a wide array of deriva-
tives in one step established its good potential in the field of asymmetric cataly-
sis. The general preparation of “semi-symmetrical”’ AMPPs involves the nucleo-
philic attack of two equivalents of chlorophosphine in the presence of a base
(Fig. 27.1). A “mixed” AMPP can also be prepared by virtue of the fact that phos-
phorus-based electrophiles have a strong preference for hydroxy over secondary
amine or amide. Clearly, this synthetic method allows the preparation of a large
variety of AMPP ligands with adjustable electronic and steric properties. Agbos-
sou recently reviewed the state of the art of AMPPs [1]. In consideration to the
modern high-throughput methods, this approach allowed a rapid combinatorial
screening of various catalysts and reactions.

In general, applications of AMPP have concentrated on the asymmetric hy-
drogenation of functionalized olefins, especially dehydroamino acids. Among
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Fig. 27.1 The preparation of AMPPs.

these substrates, (Z)-methyl a-acetamidocinnamate was the most frequently
used benchmark substrate. A strong influence of the solvent on catalytic activity
and enantioselectivity was a common phenomenon, and protic solvents were
found to be the most effective. However, to avoid the problem of solvolysis of
the ligands, polar aprotic solvents were commonly used to obtain the best re-
sults. Although the in-situ preparation of cationic rhodium complexes was fre-
quently used, no significant dependence of their catalytic performance on the
manner of their preparation could be observed. Most Rh complexes allowed the
use of atmospheric pressure for hydrogenation with high reaction rate at room
temperature. In all cases, the ligands formed a chelation ring with the metal.
Many structurally diverse ephedrine-derived AMPP ligands (Fig. 27.2) have
been prepared, and most of these were applied to the asymmetric hydrogena-
tion of olefins. Cesarotti was one of the earliest pioneers in the development of
aminophosphine-phosphinite 1 based on (S)-2-(ethylamino)butan-1-ol as a start-
ing material. However, the results were only moderate to good [2]. Almost si-
multaneously with Cesarotti in 1982, Pracejus reported a similar approach [3].
Ephedrine-based Propraphos and its derivatives occupied the major area of this
research field. The chiral Rh—Propraphos systems were widely applied in the
enantiomeric hydrogenation of a-dehydroamino acids, with 31 to 95% e.e. The
products included (S) and (R)-aromatic [4-6] and heteroaromatic alanine deriva-
tives [7-16], and usually have a configuration which is opposite to that of the li-
gand. 2-Acetamido-cinnamic acid derivatives carrying an electron-withdrawing
group at the para-position of the phenyl ring could be hydrogenated with rela-
tively high enantioselectivities. In most cases, turnover frequencies (TOFs) could
be obtained of up to 3000 h™", and up to 11515 h™" for a special case (Table 27.1,
entry 392). The use of Rh-15 in the hydrogenation of dimethyl itaconate gave
the product with 80% ee (Table 27.1, entry 432). Structural analogues of Propra-
phos, Pindophos and Caraphos [7, 17] led to similar ee-values; however, a longer
reaction time was required with the Caraphos—Rh complex. Use of (R)-Pindo-
phos—Rh in the diastereoselective hydrogenation of dehydrodipetides produced
good selectivity (up to 91% ee in the case of para-trifluoromethyl-phenylalanyl-
phenylalanine [7] (Table 27.2, entry 10). A series of novel ephedrine-based li-
gands have been shown to be highly effective in the Rh-catalyzed hydrogenation
of dehydroamino acids, giving the products with 95-99% ee [18, 19]. The hydro-
genation of (Z)-acetamidocinnamate with a substrate:catalyst ratio (SCR) of
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Fig. 27.2 AMPP chiral ligands.
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27.2 Aminophosphine-Phosphinites (AMPPs)
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27.2 Aminophosphine-Phosphinites (AMPPs)
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27.2 Aminophosphine-Phosphinites (AMPPs)
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27.2 Aminophosphine-Phosphinites (AMPPs)
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27.2 Aminophosphine-Phosphinites (AMPPs)
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27.2 Aminophosphine-Phosphinites (AMPPs)

10000 was completed within 16 h, giving the desired product in 97% ee (Table
27.1, entry 120; 98.3% ee at SCR 100, Table 27.1, entry 118). These results were
comparable to those using phosphine and phosphinite ligands (e.g., DuPhos,
99% ee [20; DIPAMP, 96% ee [21]; TRAP, 92% ee [22); DIOP, 55% ee [23];
CAPP, 95.6% ee [24]; BPPFA, 21% ee [25]; Ph-f-Glup, 91.5% ee [26]; SpirOP,
95.7% ee [27]). Further application in the hydrogenation of methyl 2-acetamido-
3-(3-methoxy-4-acetoxyphenyl)-acrylate (a crucial intermediate in the synthesis of
L-dopa [28]) was successfully achieved in 97.4% ee (Table 27.1, entry 324). Simi-
larly, the enantioselective hydrogenation of ethyl (Z)-2-acetamido-4-phenylcroto-
nate gave the homophenylalanine derivative in 92.5% ee (Table 27.1, entry 401).
This product is a key component of (S,S)-benazepril, an angiotensin-converting
enzyme inhibitor widely used as an antihypertensive agent [29]. Jiang studied
the hydrogenation of N-protected (Z)-2-aminocrotonates and found that the en-
antioselectivity and activity were strongly dependent on the type of N-protecting
group used (NHAc, 95.7% ee with 100% conv.; NHCO,Me, 85% ee with 19%
conv.; Table 27.1, entry 412 versus 415) [30]. The results from using Rh-
DPAMPP compared favorably with many commonly used chiral Rh—dipho-
sphine catalysts (e.g., Rh—-BINAP, 21.8% ee with 100% conv.; Rh—DIPAMP,
50.8% ee with 100% conv.; Rh—-BDPP, 69.4% ee with 100% conv.,; Rh—-PPM,
14.4% ee with 7.9% conv. under the same reaction conditions).

The introduction of extra stereogenicity at the phosphorus centers is one of
the methods used to increase chiral induction. Indeed, replacement of the pro-
R phenyl with an o-anisyl group on the ephedrine backbone of EPHOS 17 gave
19 which was highly effective in the hydrogenation of methyl a-acetamidocinna-
mate, giving the product in 99% ee (Table 27.1, entry 147). In contrast, the use
of EPHOS 17 induced only 46% ee (Table 27.1, entry 144) under the same con-
ditions [31]. Similarly, replacement of the phenyl group with 1-naphthyl gave li-
gand 20 which led to 95% ee in the same reaction (Table 27.1, entry 149). It is
interesting to note that the structurally similar o-anisyl ligands 19 and 23 de-
rived from (+) and (-)-ephedrine, respectively, both induce high ee-values with
the same (S) configuration of the product amino ester. This clearly shows the
predominance of the chiral P center over the carbon backbone effect. However,
the poor result obtained in the case of 24 bearing o-anisyl (Sp) aminophosphine
and (Rp) phosphinite groups might be due to the quasi-meso structure that did
not give any asymmetric induction (Fig. 27.3¢) [1, 31].

Petit reported a close analogue to ProNOP lacking the rigid pyrrolidine ring,
yet, the results with both ligands in the hydrogenation of (E)-acetamidocinnamic
acid derivatives were similar (ProNOP, 61-86% ee; NETAlaNOP, 53-83% ee)
[32]. With these substrates, it is important that the problem of E/Z isomeriza-
tion (as highlighted by Noyori) should be considered [33]. Ligands 25 to 27 are
the only type of amidophosphine-phosphinites applied in asymmetric hydroge-
nation [34]. Ligand 33 was found to be highly effective in the hydrogenation of
4-oxoisophorone enol acetate (100% conversion, 95% ee (R): Table 27.2, entry 5;
Scheme 27.1). The product, (S)-phorenol acetate, is an intermediate in the syn-
thesis of the natural pigment zeaxanthin [35]. The Rh complexes with 25 or 26
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Fig. 27.3 Quasi-meso effect in asymmetric induction.

gave 71% ee in the same reaction (Table 27.2, entries 1 and 2). The other ephe-
drine-based ligands, including 1 and 3 to 6 [2, 36], afforded poor to moderate
enantioselectivity in the rhodium-catalyzed hydrogenation of 2-acetamido-cin-
namic acid derivatives. Structural variation leading to increased rigidity of the li-
gand backbone is one of the promising methods to enhance enantioselectivity.
Cesarotti developed an aminophosphine-phosphinite based on the rigid pyrroli-
dine structure of prolinol [2]. However, results with this ligand in the enantio-
meric hydrogenation of dehydroamino acid derivatives were only poor to moder-
ate. Petit [32] improved the results and obtained up to 86% ee. Interestingly,
when using [Rh(COD)(L)]ClOy as catalyst, both the Z and E isomeric substrates
were converted to products with the same configuration (Table 27.1, entries 93
versus 200).

During the late 1980s, Débler and Pracejus introduced the bicyclic [2.2.1] sys-
tem to provide extra conformational rigidity to the ligand backbone [37]. The
synthesis of these new chiral ligands was based on the resolution of the amino
alcohol obtained from the aminolysis of exo-norbornane epoxide [38], followed
by reaction with the corresponding chlorophosphine. Indeed, the in-situ-pre-
pared cationic or neutral Rh catalysts based on ligand 35 resulted in better en-
antioselectivity in hydrogenation of 2-acetamido-acrylic acid (up to 89% ee: Ta-
ble 27.1, entry 6).

The ease of preparation of (1S,2R)-1-hydroxylmethyl-2-amino-7,7-dimethylbicy-
clo [2.2.1] heptane from ketopinic acid prompted us to synthesize a new AMPP
ligand (i.e., ex0-40) [39]. The rhodium-catalyzed enantioselective hydrogenation
of 2-acetamido-acrylic acid using this ligand gave the product in 77% ee with
95-100% conversion. Electron-withdrawing groups on the f-substituted phenyl
ring of the substrate resulted in significant enantioselectivity enhancement (Ph,
77% ee; 4-MePh, 62% ee; 4-NO,Ph, 90% ee). The effect of solvents on the enan-
tioselectivity of the reaction was also quite significant, with acetone being found
the best. Dobler performed the enantiomeric hydrogenation of standard dehy-
droamino acid and other heteroaryl derivatives using the rhodium complex
based on bicyclo [3.3.0]-octane (i.e., 28), resulting in moderate enantioselectiv-
ities (58-73% ee) [40]. More recently, ligands 36 to 39 based on the bicyclic

/ij/o [RhCI(S)-23]BF, ﬁjo
AcO AcO"

Scheme 27.1 95% ee




27.3 Bisphosphinamidite Ligands

[2.2.1] system were prepared [41]. The effect of the additional P-stereogenic cen-
ter(s) was also explored with these ligands. The application of these ligands in
enantiomeric hydrogenation resulted in products with up to 91% ee and TOFs
ranging from 600 to 4000 h™'. The substitution of one or both P-phenyl groups
by a p-tolyl group resulted in a slight decrease of the enantioselectivity, regard-
less of the heteroatom linker (N or O) [42].

27.3
Bisphosphinamidite Ligands

The early development of this type of ligand was concentrated during the late
1970s and early 1980s. In 1976, the first article published on this topic was writ-
ten by Giongo and co-workers, who described the initial synthesis of a chiral
bisphosphinamidite 41 and its application in the enantiomeric hydrogenation of
a number of dehydroamino acid derivatives [43]. The resulting enantioselectiv-
ities were comparable to the state-of-the-art ligand DIOP. In pursuing the same
line of research, the Pracejus group also prepared (S,S)-41 and achieved similar
results [44]. Subsequently, the Giongo group further introduced other C,-sym-
metric, 1,2-diamine-tethered bisphosphinites 42-49 with ee-values reaching 94%
in the hydrogenation of (Z)-2-acetamidoacrylic acid (Table 27.3) [45]. Interest-
ingly, both Giongo and Onuma noticed that when the hydrogen atoms of the
amino groups were replaced with methyl groups whilst keeping the backbone
chirality unchanged (as in the cases of 45 versus 46 and 47 versus 48), a rever-
sal of product configuration was observed. The Onuma group rationalized this
by proposing a model wherein the helicity of the edge-phenyl groups on the
phosphorus atoms were of opposite sense in the presence and absence of the
methyl groups, respectively, as a result of a change of chirality on the nitrogen
atoms. Non-C,-symmetric pyrrolidine-based ligands 50-52 were also tested in
asymmetric hydrogenation [47], though the results obtained were unsatisfactory.
The use of a 1,4-diamino bridged bisphosphinamidite 53 was described in a re-
cent publication in which excellent selectivity was recorded for the hydrogena-
tion of g¢-acylaminocinnamic acid [48].

Surprisingly, given that many P-chiral ligands are efficient chiral inducers,
only one example has been reported of a C,-symmetric, P-chiral bisphosphina-
midite. Ligand 54 was prepared by Wills et al. and tested in the Rh-catalyzed en-
antioselective hydrogenation of a-acylaminoacrylate to give disappointingly low
selectivity (33% ee) and low efficiency (TON=20, TOF=0.4) [49].

Bisphosphinamidites which are supported by an axially chiral framework are
another important class of ligands. Although reported as early as 1980 [50], no
reports on the use of binaphthyl-based bisphosphinamidite in asymmetric cata-
lysis were published during the decade thereafter. As described above, the selec-
tivity and substrate generality in these early attempts were very limited in scope.
In 1998, we unveiled that by partially hydrogenating BINAM to Hg-BINAM and
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41aR=R',R'=Ph, g :
41bR=R' R'=Et, z
42 R=R%R'=Ph, S
43 R= Ra, R'= th R1 R2 RS R4

44 R=R* R =Ph,

Ph  Ph Ph. Ph
- § > - LN
R-N  N-R

R—N N-R Ph,P—N N—PPh, ! N~
I | N PhoP R
PhoP  PPh, Ph:P  PPh cs © Pthh .
(S,5)-45:R=H 47a°R = S,5)-49 (S,5)-50 R = (S)-a-methylbenzy|
(S,5)-46: R = Me ggg)fgta) E - E (59 (S,R)-50 R = (R)-a-methylbenzyl
B B-48: R —_M (S)-51 R = benzyl
(R,R)-48: R = Me (S)-52 R = phenyl

PPh,HN  NHPPh,
oy e (LN Cry
00 R R

>< < %h A
(R)-55a (R)-BDPAB: R = Ph
53 54 (S)-55a (S)-BDPAB: R = Ph
(S)-55b (S)-Xylyl-BDPAB: R = 3,5-Me,Ph
(R)-55¢ (S)-Cy- BDPAB: R = Cy

‘O _NHPPh,
NHPR, MeO NHPPh, .NHPPh,
NHPR, MeO. NHPPh,

(R)-56a (R)-Hg-BDPAB: R = Ph (S)-57 (DMBDPPAB ) (1R,5R,6R)-58 (SpiroNP)
(S)-56a (S)-Hg-BDPAB: R = Ph
(S)-56b (S)-Hg-Xylyl-BDPAB: R = 3,5-Me,Ph

Fig. 27.4 Bisphosphinamidite ligands.

subsequently preparing the corresponding 2,2'-bis(diphenylphosphinoamino)-
1,1-binaphthyl (BDPABs), the enantioselectivities in the hydrogenation of en-
amides were significantly improved in the case of (S)-55a versus (S)-56a [51].
Similarly, in the asymmetric hydrogenation of (Z)-2-acetamido-3-arylacrylic
acids, the same observation was noted [52]. A boost in ee-value was also induced
by replacing Ph with 3,5-Me,Ph (55a versus 55b) [53, 54]. A TOF as high as
3000 and a selectivity of up to 99% ee with the use of 55b were observed, indi-
cative of its high efficiency and effectiveness. In our recent findings, the confor-
mationally rigid SpiroNP 58 also led to high enantioselectivities in the asym-
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metric hydrogenation of dehydroamino acid derivatives [55]. An analogous bi-
phenyl-based ligand 57, however, was much less efficient than the binaphthyl-
based or spiro-based counterparts [56].

27.4
Mixed Phosphine-Phosphoramidites and Phosphine-Aminophosphine Ligands

In contrast to the remarkable development of C,-symmetrical ligands and C;-
nonsymmetrical ligands, the mixed bidentate ligands mentioned in the title
were rather underdeveloped. The use of a ferrocene-based chiral backbone led
to a promising class of new ligands having a wide scope and inducing good ac-
tivity. Bophoz [57, 58] (Fig. 27.5, 68) represented the first mixed phosphine-ami-
nophosphine ligands for asymmetric catalysis with a wide scope of alkene sub-
strates, including a,f-unsaturated acids, enamides, and acetamidocinnamic acid
derivatives. The TON of these catalytic asymmetric hydrogenations was gener-

-
(Eg - =
~ < Y
(Rc,Sp,Sa)-59: R = Me (Sc,Fp)-65 (56,7066
(Sc,Rp,Sa)-60: R = Me
(Sc,Rp,Ra)-61: R = Me
(gasp,ga;-ggt S = Me
,oP,0a)-63: R = Me
ESC,%,Sa)—Gm R=H AP R1\N'P(R2)2
| X
N~ “Bu (Rc,Sp)-67: R' = H, R? = Ph, Ar = Ph

)
I (Rc,Sp)-68: R' = Me, R2 = Ph, Ar = Ph
o Yo (Rc,Sp)-69: R = Et, R2 = Ph, Ar = Ph
(Rc,Sp)-70: R' = Pr, R? = Ph, Ar = Ph
Q O (Re,Sp)-71: R' = Me, R2 = /Pr, Ar = Ph
(Rc,Sp)-72: R' = Me, R2 = Cy, Ar = Ph
O O (Sc,Ap)-73: R' = Me, R2 = Ph, Ar = Ph
(Sc,Rp)-74: R' = Et, R? = Ph, Ar = Ph
(Sc,Rp)-75: R' = Pr, R? = Ph, Ar = Ph
(Sc,Ra)-83 (Sc,Rp)-76: R' = Me, R? = Et, Ar = Ph
(Re,Ra)-84 (Sc,Rp)-77: R' = Me, R? = /Pr, Ar = Ph
(Sc,Rp)-78: R! = Me, R? = Ph, Ar = Ph
(Rc,Sp)-79: R' = Me, R? = 3,5-(CH3),CgHs, Ar = Ph
(Rc,Sp)-80: R' = Me, R? = 3,5-(CF3),CgH3, Ar = Ph
(Rc,Sp)-81: R' = Me, R? = Ph, Ar = 3,5-(CF3),CgHs
(Rc,Sp)-82: R = Me, R? = 3,5-(CF3),CgHs, Ar = 3,5-(CHg)-CgHs

Fig. 27.5 Mixed phosphine-phosphoramidites and phosphine-aminophosphine ligands.
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ally in the range of 15.8 to 100. The potential of industrial usage was increased
by improving its SCR to 10000 (Table 27.4, entry 53). The shelf stability is an at-
tractive point of this type of ligand. Somewhat surprisingly, Maligres and Krska
found that 73 was unable to induce enantioselectivity in the Ru(Il)-catalyzed hy-
drogenation of (Z)-a-phenoxybutenoic acid (Table 27.4, entry 96) [59].

The introduction of a third chiral element onto the chiral backbone was of in-
terest, and we constructed a modified PPFA [60] with extra axial chirality from
BINOL (Fig. 27.5, 59) [61]. This type of ligand contains three chirality elements.
Indeed, the enantioselectivity and activity remained excellent in the enantio-
meric hydrogenation of ¢-dehydroamino acid derivatives and enamides using
these ligands (Table 27.4, entries 1, 52, 67, 69-71, 79), regardless of the electron-
ic properties of the para-substituting group. A similar approach was taken by
Zheng's group using different diastereomers [62]. The scope was further ex-
tended to dimethyl itaconate, which was hydrogenated with a higher TON and
with excellent ee and activity (Table 27.4, entry 91).

Recently, we developed three new fluorinated ferrocenyl phosphine-amino-
phosphine ligands derived from N,N-dimethyl-1-ferrocenylethylamine (Ugi’s
amine) [63]. These ligands were efficiently applied in the Rh-catalyzed hydroge-
nation of various aryl enamides (92.1 to 99.7% ee) and a-dehydroamino acid de-
rivatives (98.5 to 99.7% ee), with complete conversion. The Rh—complex based
on 80 led to somewhat lower enantioselectivities in the hydrogenation of aryle-
namides with para-EDG; however, the enantioselectivities were almost equally
high for substrates containing para-EDG or para-EWG (98.5 to 99.7% ee) at
5°C. These ligands also showed a remarkable air- and water-stability.

The ferrocene-based ligands have proven to be promising in most aspects of
asymmetric catalysis. The only drawback was, however, the laborious resolution
of Ugi's amine [64] which is used as a starting material, although this problem
was solved by the facile asymmetric hydrogenation of ferrocenyl ketones using
(XylylP-Phos-Ru—DPEN)CI, (with a nonoptimized SCR of up to 100000 on a
150-g scale; Scheme 27.2) [65]. With this method in hand, it became more flex-
ible and almost effortless to generate a large structural diversity of ferrocene-
based chiral ligands.

Mixed phosphine-phosphoramidite ligands QUINAPHOS 83 and 84, as devel-
oped by Leitner, worked well for the Rh-catalyzed hydrogenation of itaconic acid
and a-dehydroamino acid derivatives. The ligand 84 also exerted extra reactivity,
leading to an average TOF of 36000 h™" in the hydrogenation of dimethyl itaco-
nate after the addition of a second batch of substrate with SCR 6000:1 [66]. In
contrast to BINAPHOS-type ligands, the major asymmetric induction relied on
the 2-position of the alkyl groups embedded in the fairly rigid heterocyclic skele-
ton.
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27.4 Mixed Phosphine-Phosphoramidites and Phosphine-Aminophosphine Ligands
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27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

o} OH
i S/C = 100,000
>99% ee, >99% conv.
Scheme 27.2
27.5

Bisphosphinite Ligands (One P-O Bond)

A large number of bidentate phosphinites have been reported, with sugars
being the most abundantly used backbone. trans-BDPCH 85 (Fig. 27.6) is the
earliest example of a bisphosphinite used in the rhodium-catalyzed asymmetric
hydrogenation of functionalized olefins inducing moderate ee-values (48.5—
78.9%) [67]. A similar approach using a more rigid pentacyclic system as back-
bone (trans-BDPCP 86) induced only poor to moderate ee-values. The best ee-
value (78.9%) was obtained in the enantiomeric hydrogenation of ¢-acetami-
doacrylic acid [68]. In 2000, Leitner developed a perfluorinated analogue 87
which induced 72% ee in the Rh-catalyzed hydrogenation of dimethyl methyl-
succinate (Table 27.5, entry 934) in a supercritical CO, (scCO,) and perfluori-
nated alcohol solvent [69]. An average TOF up to 40000 h™" was obtained with
this system.

3g (Me-0-BINAPO) ~ Ar = Ph; R=Me
3h (Ph-0-BINAPO) Ar=R = Ph
3i (Xylyl-o-BINAPO) Ar = Ph, R = 3,5- MeZCGHg

OPPh
WOPAr, Ph 2 PhoR |/3Ph2
Q\ OPPh, 0QH
n OPAr, OPPh N Ph 7
2 Ph
(5,5)-85 (BDPCH) n=1 OPPh, Ph)
(5,5)-86 (BDPCP) n =0 Ar = Ph 88 (Camphinite) (R)-91 (SpirOP)
(S,S) -87 n =1 Ar = PhC,H,CgF 3 (2S,4R)-89 (S)-92 (SpirOP) - not shown
(25,45)-90
CCC DEQ)
OPAr, ‘O H
OPAr,
PPh,O OPPh
OPAr OPA, 2 2
i ‘O (1R,1'R,25,2'S)-95 (BICPO)
(1R1'R,2R,2'R)-96 (BICPO)
_ - S)-94a (Hg-BINAPO) Ar = Ph
(S)-93a (BINAPO) Ar=Ph, R=H ( 8
(S)-93b Ar =4-MeCgH, R=H (S)-94b Ar = 3,5-(CF3),CgH3
(S)-93c Ar = 4-MeOCgH, R=H (S)-94c Ar =4-CF3CeH,
(S)-93d Ar = 4-CF;C¢H, R=H (S)-94d Ar = 4-MeCgH,
(S)-93e Ar = 3,5-Me,CgHs R=H (S)-94e Ar = 3,5-Me,CgHs
g; g3f Ar =3,5-(CF3),CeH; R=H (S)-94f Ar = 4-MeOCgH,
(S)-9
(S)-9
(S)-9

3j (Ph-o-Xylyl-BINAPO) Ar = 3,5-Me,CgHa, R = Ph

Fig. 27.6 Bisphosphinite ligands (one P-O bond).



27.5 Bisphosphinite Ligands (One P-O Bond)

The binaphthyl system has served as the basis of a several classes of ligands.
It has been suggested that the highly skewed position of the naphthyl rings in
BINAP is the determining factor in its effectiveness in asymmetric catalytic re-
actions [70]. In an early study by Grubbs, the use of atropisomeric BINAPO 93a
based on the binaphthol skeleton induced 6 to 76% ee in the Rh-catalyzed hy-
drogenation of a-dehydroamino acids and enamides [71]. Interestingly, we found
that the partially hydrogenated Hg-BINAPO was more effective than BINAPO
in the Rh-catalyzed hydrogenation of (Z)-acetamido-3-arylacrylic acids and their
methyl esters (63.9-84% ee) [52]. In fact, recent research showed that chiral cat-
alysts derived from the 5,5,6,6',7,7',8,8"-octahydro-1,1"-bi-2,2"-naphthyl backbone
(e.g., Hg-BINAP [72], Hg-BINOL [73, 74], Hg-BINAM [9], Hg-BDPAB [51], Hg-bi-
naphthoxy [75], Hg-MAPs [76]) exhibited higher efficiency and enantioselectivity
in asymmetric catalytic reactions than those prepared from the parent bi-
naphthyl backbone, probably due to the steric and electronic modulation in the
Hg-binaphthyl backbone [77]. A systematic quantification of the electronic and
steric influences of these ligands were carried out by Bakos and Gergely [78]. A
detrimental effect of para-electron-withdrawing substituents on the phenyl rings
of this class of ligands was observed on enantioselectivity and activity in the hy-
drogenation of dimethyl itaconate (94b with 51.6% ee, Table 27.5, entry 939). In
contrast, para-electron-donating groups (i.e., p-OMe group) enhanced the enan-
tioselectivity (93.9% ee, Table 27.5, entry 944). Similarly, the use of 94f (i.e., p-
OMe group) in the hydrogenation of methyl (Z)-a-acetamido-cinnamate gave
98.6% ee. The 3,3'-disubstituted bisphosphinite ligand o-BINAPO (93a,b) re-
ported by Zhang was successfully applied in the hydrogenation of enamides
(67.2-96.3% ee) and a-dehydroamino acid derivatives (81.5-99.9% ee) [79]. The
further demonstration of its application in the hydrogenation of f-aryl-substi-
tuted f-(acylamino)acrylates was also successful, leading to formation of the
products with 80 to 99% ee (with 93i) [80].

Chiral ligands 88 [81], 89 and 90 [82] with rigid backbones were found to be
less effective in Rh-catalyzed hydrogenation reactions. In 1997, we introduced
the novel ligand SpirOP (91 and 92) based on a rigid spiro backbone which
mimics the binaphthyl rings in BINAP in its most effective state (skewed posi-
tion), giving rise to an eight-membered chelate ring [27, 83]. Indeed, the desired
hydrogenation product 2-acetamidopropionic acid was obtained in >99.9% ee,
with complete conversion in 10 min using Rh—SpirOP. Similarly remarkable
activity and enantioselectivity was found upon hydrogenation of the correspond-
ing methyl ester using the same catalyst (99% ee, 99.9% conv.). The TOF
of the hydrogenation of 2-acetamido-acrylic acid could be further increased
to 10000 h™" at ambient temperature whilst retaining 96.8% ee. The sub-
strate’s scope was also excellent (>97% ee for (Z)-2-acetamido-3-arylacrylic acids
and 94.2-97.2% ee for the corresponding methyl esters). It is of interest
to note that the Rh—SpirOP complexes in methanol showed unexpected stability
based on a *'P-NMR study at ambient temperature for two days. It was further
demonstrated that the use of SpirOP in the hydrogenation of a-phenylen-
amide gave rise to good to excellent enantioselectivities (85.6-97.4% ee) [84].

925



926 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

88 (S) 08 (4001 00T 001 1 07— HOM 1 ﬁ&ﬁiomzzm_ SYHN  HY0D H 61
88 (S)¥L Q00T 007 00T S0 0 HOW I *ddlez6(@aN)yd]  SYHN  HPOD H 81
88 (5)89 (00T 00¢ 001 €60 0¢ HO 1 ddles6(aan)y _ SYHN  HY0D H L1
88 (5) L9 (q00L oTI o €0 0¢ HOW 1 ddlez6(@aN)yd]  SYHN  HPOD H 91
194 ©9  @00T T 0S T 0 1:1 Suopde/[o], 6 U_mmamouEm_ SYHN  HY0D H 1
|94 ©6  @0S 1 T T 94 [oL 201 Dleg6(OD)IA]  SVHN  H®OD H 1
q56 6'96 - - - £ 1 dHL 87— °1qslage(@od)ud]  SVHN  HPOD H €1
86 (s)z6 o001 €€ 001 € 1 dHL 8T vadlqge(@od)dl  SVHN  HPOD H a
9z (s) 6€6 - - 001 - ST HO2N 00T vidlege(@OD)W]  OVHN — HOD H T
9z () L4605 00T 0 ST0 94 HOIW I vidlege(@OD)W]  SVHN  HYOD H o1
9z (§) 426 0S  TLOT  0S (/YOO 94 HONW 3 vadlege(@od)mdl  SVHN  HCOD H 6
q16 (5)§96  0S  000€  0S (L9100 94 HO N I vadpse(@od)ydl  SVHN  HY0D H 8
Q16 (S) L6 05  000€ 0SS (L9100 94 HON I vadles6(@od)yd]  SVHN  HYOD H L
9z  9TL  0S  6LST  0S  (LI€0°0 94 HON I vadlez6(@od)yd]l  SVHN  HY0D H 9
S8 (S)8+v6 001 ¥ 001 4 11 vdl I vadlse(@od)dl  SVHN  HPOD H S
Lz (1) 896 666< 0000T 00001 T 94 HOW  8'¢€T vadlie(@od)mal  SYHN  H®OD H 4
Lz (1) 6°66< 6'66< 009 001 £91°0 94 HO N I vadlie(@od)ydl  SYHN  HOD H 3
[Dl9g-suviz-(+)
€89 0 - - - ¥z 0T- - 0S (euotpexoy-¢‘T)yy]  SVHN ~ HY0D H z
[Dlsg-suvig-(+)
L9 (S) 6'8L - - - ¥z 0T~ - 0S (puotpexoy-¢‘T)yy]  SVHN  HY0D H I
[ul bl [req]
swiy  dway woanps  [PHld | A A
(s)oous gl [l [yl
-19J9Y 99  ‘AU0) 401 NOL suoljipuod 1sAje1ed ajelisqns Kiuz

ed s ed o
;v|\ - vH\
zd zd

‘ayydsoydsiq Jo ‘@yuoydsoydsiq ‘apuiydsoydsiq Suisn uoneusdoipAy suswonueuy ¢z d|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 927

6t (@) ot oo ¢ 0S ¥T 11 OH s vaglogr(@od)myl  SYHN  HYOD
L (8) 26 66< 000T 0001 S0 11 HOSW &€ vagalqrri(@dod)u _ SYHN  H®D
01 () £96 001 00F 001 ST0 ST QUOIDY  §pE vaglzst(@od)wd]  dVHN  HY0D
901 #1001 09 097 I 11 HOSIN 9 Dlezr(@od)yd]l  dYHN  HYOD
91 ()9t 00T 026 0€T ST0 ¥I HO?N 01 plgzi(ao Em_ SYHN  HYOD
01 (s)s9 00T 9 94 0T 11 YOM/O'H 87 %1qsPerr(@oD)]  OVHN  H0D
01 (S)e6s  00r €9 44! z I O‘H 8T o4qslperr(@dod)yd] SVHN  HY0D
86 0 001 - 0SI - 1 dHL 87 vgabsit(@on)yal  dYHN  HYOD
86 ()t 001 - 001 - 11 (1:1) ovo¥/O*H 8¢ vaglpstit(@od)yd]l  SVHN  HYOD
86 (s)t 001 - 001 - VI O°H 8T vaglpstr(@od)ydl  SVHN  HYOD
86 (s)es 001 - 001 - 11 HOM 87 vgalpsti(@od)wd]  SVHN  HYOD
86 (s)se o001 - 001 - Y1 HON 87T vaglpstr(@od)ydl  SVHN  HYOD
86 (S) €6 oo1 - 001 - 11 dHL 8¢ vgalpsti(@od)wd]  SVHN  HYOD
86 ()9 001 - 001 - 11 (1:1) ovo¥/O*H 87 vggbsit(@od)w]  SVHN  HYOD
86 (S) €S 00T - 0SI - Y1 O°H 8T vgabsit(@od)y]  SVHN  HYOD
86 (S)¥s o001 - 0SI - 1 HON 87 vggabsit(@od)wd]  SVHN  HYOD
86 (s) L8 00T - 0SI - VI dHL 87T raghsti(@od)uydl  SVHN  HY0D
86 (S)o6  o0r €€ 001 € I dHL 8¢ oqqslqstr(@od)yd]l  dvHN  HY0D
86 (S)¥r 00T S 001 61 VI O‘H 8T 24qs[esr1 EouEm_ SYHN  H®D
86 (S)9g o001 €€ 001 € VI dHL 87T o4qslesti(@od)yd]  SVHN — HYOD
(fowrtx 6°0)
66 (S)zv  0S 0001  0S 3500 ST 001-X UOHIL+O'H 1 vaglgprr(@od)udl  SVHN - HCOD
(fowru 1-0)
66 (s)zy oS  00S 0S 4100 ST 00T°X UOMIL+O’H 3 vadlaprr(@od)d]  OVHN - HYOD
66 ()12 05 9 0S 4808 T Hud 1 vgalgpri(@od)yd]  SVHN  HYOD
66 (S)9s 05 TH6T  0S  (L100 4 HO°W I vadlaprr(@on)uyd]  SVHN - HPOD
66 (S)vy1 05 ¢ 0S 48S°L Y4 OH 13 vagleyrr(@od)yy]  SYHN  HYOD
66 (s)8yr 05 8 0S 4199 4 HUd I vagleprr(@od)ud]  OYHN  HPOD
66 (S)6s 05 T¥6T 0S  (L100 T HOW 1 vadleytr(@oD)yd]  SYHN  HY0D
qs6 () 806 - - - € VI dHL 87 o4qslecor(@od)w]  SVHN  HYOD
qs6 () 0s6 - - - € 11 dHL 87 vgglezor(@od)ydl  dVHN — HCOD

ITIITTITTITITITIZTTZIZIITIITITZIITITITIT

T

ITTTTITITT



928 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

vadqy

66 (S)zy oS 8 0S 790 ST [owwr 1°0+O%H I vqdlqze(@od)yd]l  SVHN  SINC0D H L9
g
66 (S)zy oS ¥6 0S €50 ST [oww ['0+0%H I vadlqz6(@oD)w]  SVHN  3N¢0D H 99
vIdeN
66 (S)ov oS 16 0S S50 ST [oww 1'0+0%H I vadlaze(@od)yd]  SVHN  SIN‘0D H <9
vadr1
66 (S)ev oS L6 0S 750 ST [owwt 1'0+0%H I vadlqze(@od)ydl  dSVHN  SIN0D H ¥9
66 (S)¥v oS 0ST 0S €60 ST O'H I vqdalqze(@od)yd]l  SVHN  SINC0D H €9
88 (S)8L (00T 007 0L S0 0 HOM I 2ddlez6(@aN)md]  SYHN 20D H (&)
88 (S)es (oOT 009 001  £9T°0 3 HOMW 13 24dlez6(@aN)yd]  OYHN  2N°0D H 19
Q16 (8) 606 0S 000€ 0S (L9100 94 HON I adles6 Eouzm_ SYHN dW°0D H 09
9z ¥E€L 05 /81 0S (;L920°0 94 HOW 3 vadlez6(@od)yd]  SVHN  2IN°0D H 6S
97 78S 0S 886 0S ;5800 ST HOSIN T vadlese(@od)ud]l  OVHN - 30D H 8¢
s (818 ov 22 YT L1°0 VI WDa 69 vqdlepe(@OD)d]  SVHN  SWYOD H LS
6, (s)e6 o001 €8 001 4 11 oL € °4dlle6(@od)ud]l  SVHN  SIW‘0OD H 9
6L (S)+'s6 00T €8 001 4 VI [oL 3 °4dliee(@od)wd]  SVHN  SWY0D H 99
6L (S) 666 00T €8 001 4 11 [oL 3 °4dlyse(@od)ma]  IVHN SIN0D H S
6L (S)8¥6 00T €8 001 4 11 oL € *4dBs6(@od)md]  SVHN  SWYOD H €S
6L (S)zeL 001 €8 001 4 11 [oL ¢ o4dles6(@od)md]  OVHN SINC0D H 49
1L ©9Z (00T L0 0S $'89 0 11 duolde/[0], 16 Dleg6(@OD)M]  SVHN  SW°0D H 1s
1L ¥y @09 90 0¢ S'es 0 [oL 66 Dlece(OD)E]  SVHN  SW'OD H 0S
LT 1) 066 666< 009 00T £91°0 ST HO’IN I vadlte(@od)yd]  SYHN  SWCOD H 6¥
[ul . [req]
swiy  dway woanps  [*Hld d A A
(s)eoua el ool [yl
.._w.www_ 99 ‘AU0) 401 NOL w:O__—_V:OU uwx_NaNU wum.__—mn_sm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 929

66
66
66
66
66
66
66
L6
L6
L6
L6
216
9t
9t
q16

66

66

66

66

66

66

66

(s) 89
(s) 89
(s) 89
(s) 89
(s) 69

(S) v

0S
0S
0S
0S
0S
0S
0S
0S
0S
0s
0S
0S
0S
0S
0s

0S

0S

0S

08

08

0S

0S

9L
(4%
1¥6¢
1¥6C
1¥6¢
184
1¥6C
00¢1
SLE
L01
00ST
€eee
evie
80¢€¢
00ST

SLE

€ee

00S

00S

(Ya4

0SL

18

0S
0S
0S
0S
0S
0S
0S
0S
0S
0S
0S
0S
0S
0S

0S

0S

0S

08

0S

0S

0S

10

10

o

£90°0

790

Y4

4

Y4

S¢

S¢

(fowrwx 1°0)

001-X UOMIT+QH
O'H

HUd

HO’IN

HO’N

O'H

HUd

@ELT°0 ‘SAS+O'H
3S€0°0 ‘SAS+O°H
O'H

HOSIN

HOSIN

HO’IN

HO?N

HOSIN

ragsD owwr 1°0
+001X UOMIL+OH
v1dqy

fowrwt 1°0+00TX
uoy, +O°H

gy [owwt 170
+001X UOIIL+OH
YgeN [oww 1°Q
+001X UoyIL+OH
rAgr1 jowat 1
+00TX UOMIL+Q'H
(fowrwr 1-0)

00TX UOIIL+QH
vadsD

fowwr 1°0+0O°H

B T L T T T B T T T e T

ddalarit(ao Em_
ddglar1r(@od)uy
Qm: 1(@dod)ud
sz: (ao Em_
v1dlerTT(@0D) 1)
vadley1r(@oD)uyl
vagaler1r(aoD) vl
v1glig6(aoD)uy]
vadlig6(aod)udl
v14[186(@0D) Y]
vadlig6(aoD)uy]
v14leg6(aoD)udl
vaglege(@oD)uy]
vadalege(@oD) ]
vaaze(aod) vl
vaalqze(aoD) vl
v1dlaz6(aon)yd]
vadlqze(aoD) vl
vadlaze(@aod)udl
vadlaze(aod)udl
v1dlaz6(aod)yd]
vadlaze6(@od)uy]

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

SVHN

SVHN

SVHN

SVHN

SVHN

SVHN

SVHN

SNC0D
AN0OD
SNC0D
AN0OD
AN0D
ANC0D
AN0D
ANCOD
AN0D
SNC0D
AN0D
SNC0D

140D
AN0D
SNC0D

AN0D

SNC0D
SINC0OD
SNY0D
SN0D
SNC0D

SNY0D

junije vienjenianiiia vifenjilenjaniija vifesiunjlaniila e

T

68
88
L8
98
S8
¥8
€8
78
18
08
6L
8L
LL
9L
SL

YL

€L

L

1L

0L

69

89



o1 (¥) 6s 00T - 00T - VI ELUER 1 vadlqrzr(ao Em_ SYHN 20D H 111
sor (s oo1 - 00T - VI 2U0}IY 1 vgglerzr(@od)ydl  dVHN  SINC0D H 011
sor ()81 o001 - 001 - 11 3U0320Y 1 vadlozTus(@od)y _ SYHN 90D H 601
701 (S)6¥ 001 €9 441 z VI O'H 87  %dqsberr(@od)wd]l dVHN SNC0D H 801
70t (S) ss o001 €9 441 z VI O'H 87  %dqslperr(@od)ud]l  dVHN  SNC0D H L01
701 (s) €8 00T~ - - - ¥I dHL L0z °dqslgett(@o Em_ SYHN 20D H 901
7ot (S) s9 o001~ - - - I dHL 0T °4qsleeIt(@OD)W]  SVHN SWCOD H So1
ot  (s)og o001 €€ 0S ST ¥I O‘H S vadlzit(@od)yd]  SVHN  SIN‘0D H 0T
86  (S) 98 o001 0ST 0ST I Y1 dHL 87  °4qsi8sit(@od)wa]l  dVHN  SINC0D H €01
86 (S)s9 /6 €¢ 001 € Y1 O‘H 8T °dqsl8sit EouEm_ SYHN SI%0D H 701
86  (S) 19 o001 0ST 0ST I VI O‘H g7  %dqsl8sir(@od)yd]  SVHN  SIWC0D H 101
86  (S) s o001 0ST 0ST I 11 (1:1) O'H/HOM 8T vadlpstI Eouzm_ SYHN 90D H 001
86  (s)8s ¢¢ 4 STs 4 Y1 O‘H 8T vgalpsti(@od)wd]  SVHN  SWYOD H 66
86 (S)z oo1 S 00T 17 VI O'H 8T vgalpsti(@od)wd]  SVHN  SWYOD H 86
86  (S) s oo1 0S 0S1 € 11 (07:1) O°H/HOSN 8T vaglpstit(@od)ydl  SVHN  SINYOD H L6
86  (S) ¥, o001 €€ 00T € VI (¢:1) O*H/HOSIN 8T vgalpsti(@od)wd]  SVHN  SIWYOD H 9
86  (S) o6 o001 ¥L 001 L 11 (1:1) O*H/HOW 8T vgalpsti(@od)wd]  SVHN  SWYOD H 6
86  (S) ¢ oo1 €¢ 00T € 11 HOW 8T vaglpstr(@od)ydl  SVHN  SIN‘OD H ¥6
86  (S) /8 o001 0S 00T z g (1:¢) 4HL/OH 8T vgalpsti(@od)wd]  SVHN  SIWY0D H €6
86  (S) 68 o001 0ST 0ST T RS HOM 8T vaglpstr(@od)ydl  SVHN  SINYOD H 76
86  (S) €6 o001 €€ 001 € VI dHL 8T vgalpsti(@od)wd]  SVHN  SIWYOD H 16
(fowrtu 6°0)
66 (S)oz oS 000 05  (;S0°0 ST 001°X UOHIL+O‘H 1 vagalqr1t(@od)dl  SVHN  SWY0D H 06
[ul . [req]
swiy  dway woanps  [*Hld d A A
(s)eoua el ool [yl
.._w.www_ 99 ‘AU0) 401 NOL w:O__—_V:OU uwx_NaNU wum.__—mn_sm x.__—:w

930 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 931

PLIT
11T
111
11T
111
111
111
111
11t
0TL
601
(U
601
8y
14
8y
01
Y01
01
Y01
01
SOt
S0t
SOt
S0t
SOT
SOt
SOT
SOt

(s) 61
(S) 9%
(S) vz

(S) 66
(S) 66
(s) 86
(S) 96
() 96
() €z
() s'66
(1) 06
() 06

0t
Y4
86

66<
66<
66<
66<
66<
66

001
001
001
08

LL

(44

96

001
9L

001
001
001
001
001
001
001
001
001
001

48
19
0S
000C
000C
0001
€ee
000C
8S1
0S
091
0S

8C1
000S
101
00¥
8¢T
00¢

€0¢

000C

0C
0S¢
086
0S
0001
0001
0001
0001
0001
YLy
0001
6LY
0001
08
LL
[44
96
001
9L
001
001
001
001
001
001
001
001
00S
001

0t
1c
91

S0
S0

S0

0T

0t

144

144

144
SL°0
00
SL°0
S0
w0
S0

€€0

ST0

o
1
11
11
11
1
11
11
11
S¢
11
S¢
T
11
11
71
S¢
S¢
S¢
S¢
ST
Yo
11
11
11

11
11
11

1:7 HOPW: DA
HOSIN

HOSW

HOSN

HOW

oL

DA

1:6 O‘H/HOSN
HOSIN

WDA

WDa

WDa

jielel

vdI

vdl

vdl

WDA

jielel

WDa

WDA

WDa

U0y

QU0}Y

T:€1 WDA/3uokdy
QU01Y

€1 INDA/2uo03edy

T:€1 INDQA/2u03dy
QU01ADY

QU01Y

S

el Tl AN Vo R P R Vo I F o I VN TN Fa I F o I P}
Al B e B e o T o I o BN A TN o A TN S o BN s o B s 0 ]

o e e e e e e e e e e e e

vgalezy(@on)l
vaalp1r1(aoDd) ]
vgab1r1(aod) il
v1aP1IYT(@oD) ]
radlqryr(@aod)yl
vagalery(aon) vyl
vagle1v1(aoD)uyl
vagaleryi(aon)yl
v1dle1¥1(@0D) 1]
vadlor1(aoD)yd]
v1gl8eT(@oD) ]
vaglogt(aon)u]
vagalogt(aon) vl
vagPeeT(@od)udl
vadlqest(@od)yl
v1gleee1(@OD) 1)
dmrﬂﬁouzm_
vadlzzi(aon) vl

vaglzzi(@on)l
vadloz1(aoD)udl

vadlozr(aon)l
vadfezzi(aoD)uyl

vgabrzi(aon) vl
vadlpzzi(aoDd)uy]
vgabzzi(aod)yl
vadalqzzi(aoDd) ]
vaglqzzi(aod)uyl
v1dlezzT(@oD) )
vggalprei(@oD)uyl

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

AN0D
SNC0D
AN0D
AN0D
AN0D
AN0D
ANCOD
AN0D
SINC0D
IN0D
SNC0D
SINC0D
AN0D
SNC0D
AN0D
AN0D
ANC0OD
AN0D
ANCOD
AN0OD
SNC0D
ANC0D
AN0OD
SINC0D
AN0D
SNC0D
AN0D
AN0OD
SINC0D

ITITITITTITIIITITIZIIITZTIIITZI I IITZ T IITIITIIIT

ol
6¢l
8¢l
Lel
9¢l
Sel
el
€el
(438
1€l
0¢l
671
8Tl
LTl
9Cl
SCl
1448
€Cl
i
[¥45
(48
611
SLL
L1T
911
STT
1418
€1l
(48



932 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

cer () v6 8 1T ¥3 ¥ 1T dH.L I vggleest(@od)yd]l  dVHN  SINCOD H ¥91

€71 () €6 L6 €T L6 ¥ 31 HOW I vadleesT(@OD)M]  OVHN  SIN0D H €91

911 () £08 66< 0S 0001 0t 0t WDA €0 vgaberr(@od)ydl  SVHN  SINCOD H 91

911 (¥) 888 66< 0§ 0001 0T 0T WDa €0 r1gPer1(@oD)yd]  OVHN SWC0D H 191

911 (s) ¢t LL OGS 0LL 0t 0t jelel €0 vgdalqer1(@od)wd]  SVHN  SIWYOD H 09T

911 (S) 8'¢¥ 99 ¢¢ 099 0T 0T WDa €0 vggleeyr(@oD)yd]l  dVHN  SINCOD H 651
qLIT (S) 6T 06 ST1T 6 8 Y4 WDA S vadPor1(@dod)uyd]l  SVHN  SWC0D H 8ST
q/1t (S) 1L L6 TTI L6 8 ST jelel S vgaleoyr(@oD)yd]l  OVHN  SINC0D H LST
qLIL () ¢ 00T STI 001 8 ST WDA S vadlesy1(@oD)wd]  OVHN  SINC0D H 961
q/it (S) 66< 00T 0ST 0001 4 S jielel 0¢ vgabyri(@od)]  SVHN  SIWC0D H SST
qL1L (s) L6 001 £9T 001 9 ST WDa S r3gPyI Eouzm_ SYHN SI%0D H ¥ST
q/It (S) z6 86 €71 86 8 Y4 WDA S vadleyyi(@oD)md]  OVHN  SINC0D H €SI
st (o 88 V¥ 83 0T 0O 1:7 HOSIW:[OL S vgalqer(@od)wd]  SVHN  SWYOD H 491
S/11 () st YT Tl ¥ 0T 0ov 1:T HOSW:WDA I vadlqerr(@od)al  OVHN  SINC0D H ST
It v 96 8T 9 0t O 1:7 HOSW:[OL S vgalesyr(@od)yd]l  dVHN  SINC0D H 0ST
1L () Lg 0f §1 0¢ 0T 0¥ 1:7 HOSW:IWDA I vagleeyr(@od)i]  SVHN  SIWCOD H 6¥1
pLIL (s) ot 00T S 001 0t oy jelel S vgalqzri(@od)wd]  SVHN  SIWYOD H 8r1
AN (s) 12 00T S 001 0z 0Oy 1:7 HOSIW:[OL z vgalqzri(@od)wd]  SVHN  SWYOD H L¥1
pLIL (s) s¢ 66 S 66 0z O 1:7 HOSW:[OL S vadlqzyr(@od)ydl  SVHN  SINFOD H 991
pLIL (s) vz w Tl a4 0t 0Ov 1:7 HOPW:IWDA I vgdalqzri(@od)il  dSVHN  SN¢0D H Sr1
psir - (S)9 0 S0 01 0z 0F 1:7 HOSIW:IWDA S vgdalqzri(@od)il  dVHN  SIN0D H 24!
pLIL (S) €¢ 6 LV ¥6 0t 0O 1:7 HOSW:[OL S vgalezyr(@oD)ydl  dSVHN  SINC0D H 34
PLIL (s) s¢ 1€ 91 ¢ 0t 0Ov 1:T HOSW:WDA I vadlezy1(@oD)i]  SVHN  SWC0D H Wi
PLIT (S) 6 S¥o 6 0z 0ov 1:T HORW:WDA S vadlezyr(@oD)i]  SVHN  SWC0D H 32!

[yl Db.] [req]
awill  dway woanps  [*Hld d A A
(s)ooua [%] lel [yl

.._w.www_ 299 ‘AU0C) 401 NOL m:O_”—_v:OU uwx_mamU wum‘_amn_sm x._a:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 933

+8

91
91
91
91
9Z1
qerzI
qQerzl
qrel
qQerzl
qIet
qrel
qIee
qrer
qizt
qerTI
6C1
871
871
8Tl
871
4!
4!
4!
4!
4!
4
4!
4!
4!
4!
4!

001
23

9

1L

001
001
001
001
001
001
001
001
001
001
001
001
00T
001
001
001
001
001
[43

1c

001
001
001
001
001
6¢

LL

8L

009

[o) =]

128

€0¢
€0¢

or
(U4
or
0S
01
0¥
LL

00¢1I<

€8
€8
€8
€8

001

8l
(44
(U4
or
(U4
()4
1L
9°s1
S'S
9'S

001
€€

9

1L

001
001
001
001
001
001
001
001
001
001
001
001
0S

001
001
001
001
001
[43

1c

001
001
001
001
001
6¢

LL

8L

L91°0

[4)

€0
€0

ST
ST
ST
01
ST
€1

80°0

144
45
[4)
45
45

ST

ST
ST
ST
ST
14!
ST
71
14

11

Y4
Y4
S¢
Y4
S¢

11
11

S¢
S¢
S¢

S¢
Y4
Y4

‘11

.E
i
i
11
i
i
i
i
i
.
i
i
i
.

HO°N

WDAa
WDd
DA
WDAa
DA
WDAa
DA
DA
DA
DA
dHL
[OL
WDAa

HO’IN

DA

(1:1) ovo¥a /0'H

dHL

dHL

dHL

dHL
NDd
DA
WDAa
DA
DA
WDd
DA
WDAa
DA
WDAa

1:6 HOSW/WDA

i B T B B e B B B I U I e
on

—
wn

LB T B T T T B T T B e T R ]

vadli6
v14(pg9t
v44[>891
v14lq89t

vadlego1
vadlpLo1
vag[d£91
vadlqso
Qmw_s:

91(a
A
91(a
A
aaﬁ A
vagdles
vadl9

°4dlqy

91
i
91
91
°1d[er9T
€91
91
91
91

tao

°4dlq

°1d[eg
v14lqo
v1gd[eo
va4yest
vq4[86ST
vadl3est
v34a[e6ST
v1d[p6S1
v14[6ST
v14lq6S1
vadle6sT

A
A
A
A
A
A
A
(
A
A
A
A
A
A
vagleest(ao

A
A
A
A
vqdlego1(do
A
A
A
I

oDyl
D)yl
D)l
D)yl
D)yl
oDyl
D)yl
oDyl

91(pqu) ]

D)yl
oDyl
D)yl
felo)l’kl|
D)yl
D)yl
D)yl
D)yl
oDyl
D)yl
oDyl
D)yl
D)yl
oDyl
D)yl

oouzm_

D)yl
D)l
oDyl
D)yl
felo)l’kl|
D)yl
D)l

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

Yd
SNC0D
SNC0D
AN0D
SNC0D
AN0D
AN0D
AN0D
AN0D
ANCOD
ANOD
SNC0D
AN0D
SNC0D
SNC0D
AN0OD
SNC0D
AN0OD
AN0D
ANC0OD
AN0D
ANC0D
ANOD
SNC0D
ANC0D
AN0D
SINC0D
AN0D
SNC0D
AN0D
ANOD
SINC0D

ITITITITITIIITITIIITZIIIIZI I IITZ T ITITTIT T I T

961
S61
61
€61
61
161
061
681
881
L81
981
S81
81
€81
[4:18
181
081
6L1
8L1
LL1
9.1
SL1
VL1
€L
(448
141
0L1
691
891
L91
991
91



934 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

qs6 () 9's - - - € VI dHL 87T °4qslpge(@od)wll  SVHN  SWYOD g+ 07t
qs6 S98 - - - € VI dHL 87T °4qslqse(@od)uyd]l  dSVHN  SWOD (7/z) 1d+t 61T
q56 06 - - - € VI dHL 87T °4qslqge(@od)wd]  dVHN SW0D  (Z) 1d+ 81T
9 198 0S  00ST 0S (200 T HOSW 1 ﬁm?wioouvﬁ_ SYHN 2WN°0D 1+ L1
qs6 () T68 - - - € VI dHL 87—z  °dqslesor(@od)yd]l SvHN  HYOD g 91z
q56 9¢8 - - - € 31 dHL 87T °4qs8ge(@dod)wi]  SVHN  HPOD g+ S1T
q56 09T - - - € 31 dHL  87¢C °49s[ps6(aoD)y _ SYHN  H0D 14+ $1¢C
q56 %9 - - - € ¥ dHL 87T °4qsbge(@od)ydl  dVHN  HYOD g €1
qs6 (S) 016 - - - € 31 dHL 87T 24qslqge(aod)y _ SYHN  HY0D 1d+ e
qs6 ($) 006 - - - € VI dHL 87T °gqslege(@od)yal  SVHN  HYOD 14+ 11¢
9 €56 0S 0SL€ 0S ;E€10°0 94 HOW 1 adlege(aod)y _ SYHN  HY0D 1d+t 01¢
92 LS 08 6451 0S (;91€0°0 94 HOW 1 vadles6(@od)yd]l  SVHN  HYOD 1g+t 60T
8 (S)zsy oo ¥ 001 ¥T VI vdlI 1 vgalse(@od)wd]  SVYHN — HPOD g+ 807
¥8 (1) 98 001 009 00T £9T°0 0 vdl 1 ropliel@od)yd]  SVHN Yd-=W-¥ H L0T
¥8 (1) 9°s8 001 009 00T  £91°0 0 vdl 1 roplie(@dod)wd]  SVHN Yd-2N-€ H 90T
¥8 (1) 0006 001 009 00T  £91°0 0 vdlI 1 ropliel@od)yd]  SVHN Yd-f4D-+ H S0T
¥8 () 648 00T 009 00T  £91°0 0 vdl 1 ropliel@od)yd]  SVHN  Yd-d-+ H ¥0T
¥8 (1) 198 001 009 00T £91°0 0 vdl 1 roplie(@od)wd]  SVHN  Ud- D+ H €0
¥8 (d) 068 00T 009 00T /910 0 VdI 1 rol16(@od)y _ SVHN ud H 70T
¥8 () €64 00T 009 00T  £91°0 RS [oL 69 vadlie(@dod)wi]  SVHN ud H 10T
¥8 (¥) T8 00T 009 00T /910 V1 WDA 69 vadl16(@od)y _ SVHN yd H 002
¥8 () 618 00T 009 00T £9T°0 11 dHL 69 vgdliel@dod)wd]  SVHN yd H 661
8 () 1°¢8 001 009 00T  £9T°0 V1 U0}V 69 vadl16(@od)y _ SVHN yd H 861
¥8 (¥) s€8 00T 009 00T  £91°0 31 vdl 69 vadlte(@od)ydl  SVHN Yd H L61
[ul . [1eq]
swiy  -dwsy woanps  [*Hld d ] R
(s)eoua [%] loel  [-ul
Lw.*mw_ 299 ‘AU0) 401 NOL m_._o__—_ﬁ:OU _—mx_mumU wush—mn_:m x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 935

9z (S) 69
97 () 12
9z (S) TeL
c8 (¥) s¢8
s8 () 6€9
c8 (S) 196
S8 (S) L¥6
sg (S) 116
68 (S) €08
s8 (S) o6
c8 (S)67L9
S8 (S)+76
s8 (S) 6'0¢
68 (S) 168
sg (s) 788
s (S) e
s (s)s1
1z () 6°L6
18 ¥
€89 .(S) eI
£9(S) §°'89
qs6 (1) 029
qs6 (S) 9or
q56 €€l
qs6 () s98
qs6 () 698
qs6 (S) /8

05
05
0S
001

998
001
001
001
001
001
001
001
0€
001
001

618

T

6'66<

(001

L£91
00S
Sy

e o
<+ s

T YT T T T TS

078

[4¥4

009
1'c

0S
0S
0S
001
998
00T
001
00T
001
001
001
001
0¢
001
00T
(1184
95¢
00T
08

¢
¢1'0
G110

144

144

144

4

144

144

144

144

i

144

144

144
S0
S0
£9T°0

i

144
€€
€T

€C
€€
€€

ﬁ
1
71
1
1
11
1

S¢
09

.G
1
41
1
11
1

HOM
HOM

HOSIW

vdI

vdI

vdI

vdl

Hong-
HO®HD D
HOM
1:T=N:HON
HOSIW

T T=NS:dHL
dHL

a0da

HOSIW

HOSW

HOSIW

1:1 HO¥/HYd

dHL
dHL
dHL
dHL
dHL
dHL

1
L0t

0S

0S
8¢
87
8¢
8¢
8¢
8¢

(termau)
e/6+1D(@oD) ]
vagalez6(dod)wyl
vagles6(@od)vl
v1dlo6(aoD)ud]
vadls6(@od)uyl
vgdlse(aod)myl
vagls6(@od)uyl
vadlse(@od)uyl
vadlse(doD)wyl
vadls6(@od)uyl
vgdlse(doD)myl
v1dls6(aod)ud]
vgdlse(aod) il
vadlse(dod)wyl
vadlse(@od)uyl
vadalere(doD) il
vadlee6(@oD)yl
v1da(16(@od) vyl
Dlss(@od)wyl
Dl9g-suv.1g
-p(oustpexoy-¢ 1)1yl
Dlsg-suvis-(+)
(suarpexey-¢‘1) ]
24qslesot(aod)yy]
249slqg6(aoD) vyl
24qslqg86(aoD) il
24qs[8gor(aod)yl
°4qs[esot(aoD)yul
2.1qs([886(qoD) ]

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

SVHN

SVHN
SVHN
SVHN
SNY0D
SVHN
SVHN
SVHN

H0D
H“0D
H®0D
H“0D
H®0D
H‘0D
H®0D
H0D
H‘0D
H®0D
H‘0D
H®0D
H0D
H‘0D
H0D
H“0D
H®0D
H0D
H®0D

H“0D

H0D
SNC0D
AN0D

SVHN
IN0OD
AN0D
SNC0D

Ud
Ud
Ud
Ud
ud
Ud
ud
Ud
Ud
ud
Ud
Ud
Ud
Ud
ud
Ud
Ud
Ud
ud

Ud

yd
ug
ug
(7) 1d-1
1d-t
14+
1d-

L¥T
9¥C
S¥T
j444
1344
we
844
ove
6¢C
8¢C
LET
9¢tC
S€T
1474
1234
[4%4
|34
0¢c
67T

8CC

LTC
97t
Y44
(44
[ X44
(444
|44



936 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

9z (S) L€s - - - - 94 HOW 13 vadlpz6(@oD)W]  OVHN  HY0D ud 997
qie (§)ee8 05 ST9 0S 48 94 IoL 13 vadabze(@od)mdl  SVHN  HCOD 4d 14
q16 (8) 558 0S L0T 0S  (L9%0 4 HUd I rqabsel@od)ydl  SVHN - HYOD  ud Y9
q16 (S)1'S6  0S 0SL 0S ;L9900 94 HO°W I vadbze(@od)wdl  SVHN  HOD  ud €97

vadsD

66 (s) €8 oS 0zt 0S L¥0 94 [owur 1°0+Q%H 13 vadlqze(@od)dl  SVHN  HP0D ud 79

Y4999

66 (S)z8 oS 0ST 0S €€°0 T [oww 1°0+0%H T vadlqze(@od)wdl  SVHN  HP0D ud 192

vagM

66 (S)z8 oS It 0S S0 94 [owur 1°0+0Q%H 3 vidlqze(@od)mdl  SVHN  HP0D ud 09T

TadeN

66 () €8 0S L9T 0S €0 ST fowwr 1°0+0%H 13 vadlqz6(@od)wd]  SVHN  HC0D ud 65T

vadr1

66 (S)+9  0S 00T 0S S0 94 fowur 1°0+QH 3 vadlqz6(@od)yd]  OVHN  HC0D ud 86T

66 (s)og8 oS 16 0S 750 94 OH 13 vadlqze(@od)mdl  SVHN  HP0D ud LST

68 ((S) 9¢ - - (-001 8 94 - 0S Dlazel@od)yd]  SvHN  HYOD yd 95T

06 (s)19  oo1 - 0S - 94 HOM T voplese(@od)l  SVHN  HCOD ud 954

68 () 9¥ - - (001 8 94 - 0S Dlez6l@od)dl  SVHN  HP0D yd ¥ST
q16 (S) 686 0S 951 0S €0 ST oL 13 vadles6(@od)ydl  SVHN  HYOD qd €5
q16 (8) 686 0S 8ST 0S  (LI€0 4 [oL I *qgles6(@od)ydl  OYHN  HYOD  ud 474
Q16 (5)986 05 €LT 0S (€810 4 HUd I raglez6(@od)yd]l  SYHN  HPOD  ud 15T
q16 (§)996  0S 00ST 05 (€€€0°0 T HOWN I vagles6(@od)ydl  OVHN  HOD  ud 05

88 (S)sL (qooT 49 001 ST 0 HOW I %ddleze(@aN)pdl  SYHN  HOD  ud 6¥C

88 (S)19 (00T 00T 001 1 0¢ HOMW 13 d4dlez6(@aN)yd]  SYHN  HYOD ud 8T

[yl b [req]
swiy  dway woanps  [*Hld d A A
(s)eoua el ool [yl
.._w.www_ 99 ‘AU0) 401 NOL m:O__—_“v:OU uwx_mamu wum.__—mn_sm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 937

q56 0°L6 - - - € VI dHL 87 o4qslesor(@od)ydl  SVHN  HYOD ud 967
q56 856 - - - € 11 dHL 87 vagalesor(@od)y _ SYHN  HY0D yd S6T
q56 S¥6 - - - € VI dHL 87T oqqslqzor(@od)yd]l  dvHN  HY0D yd ¥6T7
®G6 £'86 - - - - VI dHL 87<¢ vgglezor(@od)ydl  dVHN — HYOD yd €6T
q56 Sv6 - - - € ¥I dHL 87C vadlezor(ao Em_ SYHN  HYOD yd 76T
216 (S)9¢6 0§ €s¢ 0S  (T¥10 T HO°W I *qglyror(@od)udl  dSVHN  HOD  ud 16T
216 (S)+'06  0S 719 0S (L1800 4 HOWN I vagleror(@od)yyl  SYHN  HOD  ud 062
216 (S)6v6  0S (47 0S (;€8900 T HO°W I raglprot(@od)yyl  SVHN - HY0D  ud 687
316 (8) ¥'16  0S 68L 0S  (;££90°0 94 HO°W I vadbrot(@od)wd]  dSVHN  HYOD  ud 887
216 (§) 796 0S 68L 0S  (;€£€90°0 Y4 HOW 13 vaglqrot(@od)udl  SVHN  HCOD 4d 8T
216 (S) s¥6 oS 018 0S (L1900 4 HOWN I vagleror(@od)udl  SYHN  HOD  ud 987
316 (S) 06 0S - 0S - ST HOW I vadlqoor(@od)yd]l SVHN  HOD yd S8z
68 (=(s) 08 - - (001 8 94 - 0S ploor(@od)w]  SvHN  H0D ud ¥8T
q56 016 - - - € 11 dHL 87 °4qsluge(@od)uyd]l  dvHN  HCOD yd €8¢
q56 9°L6 - - - € VI dHL 87 °4qsl8ge(@od)]  SVHN  HY0D ud T8¢
qs6 0€6 - - - €T VI dHL 87-¢ o4qslyse(@od)ydl  dVHN  HCOD qd 18¢
q56 096 - - - € ¥I dHL 87T jLolysel@dod)uydl  SvHN  HY0D ud 082
99 L - - - - g dHL 87 °4qslpge(@od)]  SVHN  HYOD ud 64T
qes6 009 — - - €T Y1 dHL 87 °4qsbge(@od)yd]  dVHN  HY0D yd 8/T
qes6 066 - - - € VI dHL 87 °4qslqge(@od)d]  SVHN  HY0D ud LLT
qes6 06 - - - € 11 dHL 87 °4qslege(@od)yd]  dvHN  HYOD yd 9/T
316 (S) 96 0S £991 0S €0°0 Y4 HO’N I vqdlege(@od)a] SVHN  HYOD yd SLT
(tenmau)

97 ()8 05 0¢ 0S 191 44 HOM 1 eg6+[D(@OD)W]  OVHN  HCOD yd YLT
97 (S) 96 05 6T 0S  (LITO ST HOM I vgglege(@od)wdl  SVHN  HYOD yd €LT
9z (S) £'T6 - - - - Tss HO2I I vadlege(@od)wd]  SVHN  HYOD yd e
9z (S) 16 - - - - ST HOI I vqdlegse(@od)a] OVHN  HOD Yd 1944
9z (S) £'L6 - - - - 0 HOSIN 1 vgglege(@od)wd]  SVHN  HYOD ud 04T
9z (S) £'86 - - - - Tt HOSN I vqdlege(@od)] SVHN  HYOD yd 69T
9z (S) €66 - - - - LT~ HOI I vgdlege(@od)yd]  SVHN — HYOD ud 897
9z (S) 996 0 £Y1T 0S (€£20°0 ST HOSIN I vaglege(@od)yd]  SVHN  HYOD yd L9T



938 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

€01 (1) zs 001 00T 001 1 0 dHL 1 vadlyzr(aod)ud _ SYHN  H®0D yd  8I¢
€01 &) oy o001 001 001 1 ST dHL 1 vgdlyzr(@od)yd]l  SVHN  HYOD yd  LIg
€01 ) oc o001 001 001 I ST HOM I vadlyzr(aod)y _ SYHN  H®D yd  91¢
701 (s)oz oot €9 441 z VI dHL 8T °4qslpert(@od)wd]  SvHN  HYOD yd  SIg
201 (S)so 90 ST ¥T VI (1:1)4H.L/O*H 8'C °4qslper(@od)wd]  SvHN  HYOD yd  vIg
101 (s) s6 oot L9 001 ST 11 (2:¢)HOSW/O'H S vadlzit(@od)ud _ SYHN  H®OD yd  ¢I¢
(z:%0:9°0) ovoma
101 (s) 96 o001 €€ 001 ¢ V1 /HOPW/O*H S vadlzit(@o Em_ SVYHN  H®OD yd  7ig
86 () 00T - 001 - Y1 (1:1) ov0¥/0'H 8T vgalpsti(@od)wd]  SvHN  HYOD yd  II€
86 (s) 6 o001 - 0S1 - VI dHL 8T vggalpst(@dod)y _ SYHN  HY0D yd  0I€
66 (s)og oS L6 0S  (4TS00 94 HYd 13 vaglgprr(@od)mdl  OSVHN - HYOD qd  60¢
66 (S)es oS 000 05  (;S00 94 HON I vaglapr(@od)udl  SYHN  HOD  ud  80¢
66 (s)8s oS YL 0S 4890 94 HYd 13 vadley1r(@od)y _ SYHN  H°0D qd  L0€
66 (s)ss oS 209 0S (€800 94 HON I vagleprr(@od)ud]  SYHN  HOD  ud  90¢
316 (S)or oS yARS 0S AN ST HOSW I vgaPe1T(@on)y _ SYHN  H®D yd <o
216 (S)ov  os 6T¥ 0S (4X0) ST HON 1 vqalpert(@od)wd]  SvHN  HYOD yd  +0€
216 (s)z 0S Y6 0S LT°0 ST HON I vaabert(@od)u _ SYHN  H®0D yd  €0¢
68 0 - - (001 8 4 0S plastr(aod)uy _ SYHN  H®0D yd  o0¢
68 0 - - 001 8 ST - 0S plectr(@od)wa]  SYHN  HY0D yd  10¢
216 (s) 1 0S L1¥ 0S 0o (4 HOSIW I vaglqzrr(@od)y _ SVYHN  H®OD yd  00¢
06 &) oz oot 0S 0S 1 0 HOM 1 roplitt(@od)ydl  SvHN — HYOD Yd  66C
06 (1) ss  oo1 L91 0S €0 ST HOM I voplrtt(aod)y _ SYHN  HY0D yd  86¢
EG6 €6 - - - - 11 dHL 87 °4qsfesor(@od)uydl  SVHN  HYOD Ud  L6C
[yl b.] [1eq]
swiyy  dway woanps  [*Hld d A R
(s)eoua [%] (%] [,-ul
.._w.wwm 299 ‘AUOC) 401 NOL wr_o_“—_v:OU umx_NuNU wuw‘_umn_zm x._a:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 939

PLIT (s) s1 81 60 81 0z Ov  1:7 HOMW:IWDA S vadlqzyr(@od)il  dSvHN  HYOD yd  Sve
pLIL (s)og  oo1 S 001 0t (114 1:7 HOPW: oL S vgalqzri(@od)wd]  SVHN  HYOD yd  b¥e
PLIT (s) 1e oot S 001 0z (114 1:7 HOPW oL S raglezvi(ao Em_ SVHN  H®OD yd  e¥e
111 (S) 66  66< 000Z 0001 ) VI HOSW 3 vgalquri(@od)wdl  SVHN  HYOD yd Tk
111 (S) €6 66< 000Z 0001 S0 V1 HON S'¢ vaglerv(@oD)u _ SYHN  HY0D yd 843
801 ()18 ¥¢6 u ¥'¢6 Sl ST Hud I radlse1(@aod)y _ SYHN  H®OD yd  ove
801 () 9szT 98 L1 968 0°S ST Hud 1 vadlyer(@od)yd]l  SVYHN  HYOD Yd  6g€
8% (L6 86 14 ¥6 4 ¥ vdI ! vaabegt(aod)y _ SYHN  H®0D yd  8¢g
8% (68 ¥6 4 ¥6 4 11 vdl 3 vaglacet(@aod)wdl  SVHN  HCOD ud  Lg€
34 (v6 86 ¥ 86 T 1 vdl I vadlegeT(@od)y _ SYHN  H®0D yd  9¢g
01 @) T/6 00T 00¥00T 00T 1-ST°0 S1- UORDY  GHE vgdleer(@od)yd]l  SVHN  HY0D yd  sgg
01 @) +¥6 00T 007001 00T 1-ST°0 ST U032y S¥e vgdlest(@od)yd]l  dYHN  HCOD yd  veg
01 () 8T6 00T 00¥—001 00T  1-ST°0 94 aU0}IY 69 vadlzer(@od)y _ SYHN  H®OD yd  ¢gg
01 () 106 00T 00¥00T 00T 1-ST°0 ST 2U0}2IY 1 vgdlzst(@od)yd]l  SVHN  HYOD yd  Tgg
801 () 8or S68 ST $'68 9 ST Hud I radlier(@aod)y _ SVHN  H®OD yd  1gg
901 (&) st oot 04T 04T 1 VI HON 1S Dlezr(@od)wal  SvHN  HYOD yd  0g€
901 (s)9¢ o001 076 07 ST0 V1 HOSIN IS Dlgz1(@od)y _ SYHN  HY0D yd  6z¢
68 «&) 79 o001 00T (001 3 ST - 0S plozr(aod)y _ SYHN  H®0D yd  8ce
€01 (S)vs o001 001 001 1 ST dHL 1 vgalszr(@od)ydl  dVHN  HYOD yd  Lzg
€01 (1) o o001 001 001 1 ST HO¥ I °4dlyzr(@od)y _ SYHN  HY0D yd  9z¢
€01 () z¢ 001 00T 001 1 ST dHL 1 °ddlyzi(@od)pal SYHN  HYOD yd  Szg
€01 (1) 8z o001 001 001 I ST HOM I roplyzr(@od)ydl  dYHN  HYOD yd  ves
€01 (1) 9¢ o001 00T 00T 1 ST AHL I voplrzr(aod)y _ SVYHN  H®OD yd - €ee
cor ) 001 z 001 ¥T 09 1:1 HO¥/HUd ¥0T Dlrzi(@od)yd]l  dvHN  HYOD yd  cee
€01 (1) s¢  oo1 001 001 1 ST HOM I ryddlyzi(@aod)y _ SYHN  H%D yd - 1eg
€01 (&) oc o001 001 001 1 ST AH.L 1 ryddlyzi(@od)ydl  SvHN  HYOD yd  0zg
€01 () ot oo1 €¢ 001 € 8/~ dH.L I vadlyzi(ao Em_ SYHN  H®D yd  6I¢



940 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

€6 (S) r08 0T € 0T 9 07— 01 SI— I:I=HO¥M:HUd 8¥1 oplsot(@gN)wd]  SVHN  HYOD ud  £9¢€
€6 (S)ezr 001 ¥ 001 ¥T 08 I:I=HO¥M:HUd S8Vl roplgot(@gN)yd]l  SVHN  HYOD ud  99¢
€6 (S) €9 001 ¥ 001 ¥T 09 I:I=HO¥M:HUd 8¥1 opIsot(@gN)wd]  SVHN  HYOD Ud  S9¢
€6 (S) oSy 001 ¥ 001 ¥T o L:I=HOM:HUd 8¥1 roplsot(@gN)wd]  SYHN  HYOD ud  +9¢
€6 (S) 968 ¥6 ¥ 76 ¥ ST I[:1=HO¥:HUd 8¥'1 roplgor(@gN)ydl  SVHN  HYOD uUd  £9¢
€6 (S) 699 001 0S 001 z ST L:I=HO¥M:HUd 8¥1 roplsot(@gN)wd]  SVHN  HYOD ud  79¢
€6 (S) ¥09 96 96 96 I ST I1:1=HO¥:HUd S8¥'1 roplgor(@gN)yd]l  SVHN  HY0D ud 19¢
€6 (S) I'vb 001 60 0T ¥T ST L:I=HO¥M:HUd 8¥1 oplsot(@gN)wd]  SVHN  HYOD Ud  09¢
€6 (S) 7’89 001 z 0S ¥T ST I:I=HO¥M:HUd S8Vl roplgot(@gN)yd]l  SVHN  HYOD Ud  6S€
€6 (S)¥€9 00T ¥ 001 ¥T ST I[:1=HO¥:HUd 8¥'1 roplgor(@gN)ydl  SVHN  HYOD Ud  8S¢
€6 ) 60T 06 4 06 ¥T ST L:I=HOM:HUd /61 roplzot(@gN)yd]  SYHN  HOD  Ud /S
c6 () L/t ¥6 < 881 L 070} SI- I1:1=HO¥M:HUd 8¥'1 roplzot(agaN)y _ SYHN  H®0D Ud  95¢
€6 ) L79 €S 8 €S L 07— 0} SI— L:I=HOM:HUd 8¥1 roplzot(@gN)yd]  SVHN  HOD Ud  SS¢€
€6 )¢S 9 4 9 ¥T 08 I:I=HO¥:'HUd S8Vl roplzot(@adaN)y _ SYHN  HYOD ud  #S¢
6 @) v 001 ¥ 001 ¥T 09 L:I=HO¥M:HUd 8¥1 roplzot(@gN)yd]  SVHN  HYOD Ud €€
€6 () 6yl S6 4 6 ¥T (114 L:I=HOM:HUd 851 roplzot(@gN)ydl  SYHN  HOD Ud 7S¢
€6 () zot 6 80 ¥'81 ¥ ST I[:1=HO¥:HUd 8¥'1 roplzoT(@gN)y _ S5YHN H'OD ud IS¢
€6 () o1¢ S6 z Sy ¥T ST L:I=HOM:HUd 8¥1 roplzot(@gN)yd]  SVHN  HOD Ud 0S¢
¢6 () vt 00T ¥ 001 ¥ ST I1:1=HO¥:HUd S8¥'1 roplot(@gN)yd]  SVHN  HOD Ud  6¥E
6zt ( (1) 0S 00T 1T 0S ¥T 11 (1:1) ov0M/0*H 1$ *adl99t(@oD)yd]  SVHN  HYOD ud 8¢
8zl (S) 66< 001 €8 66< 4 Y1 dHL 1 °gdleror(@od)yd]l SVHN  HYOD Ud b€
871 (S) 66 00T €8 66 45 11 dHL I °gdlesor(@od)ydl SVHN  HYOD Ud  9v¢
[ul b.] [req]
awiy *dwiay wonps  [PHld d A
(s)eoua el ool [yl
.._w.wwm 99 ‘AU0) 401 NOL m:O_u__o_._OU _—mx_m_—mu wuw‘_umn_zm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 941

<
(=)}

<
[<)}

<
[<)}

<
[*)}

<
(=)}

<
(=)}

6

6

6

V6
€6
€6
€6
€6
€6
€6

(00T
(@001
(@001
(@€6
(qO00T
(qO00T
(@001
(@001
(@001
@€
001
0L
6L
€6

001
001

Mt T e Ne

0S
001
0T
€6
001
001
001
0T
0S
€9
001
0L
6L
€6

001
0T

144

T

144

144

144

T

e

144
0S
144
144
T
144
8

S¢

4

0¢— 01 G1—

0¢— 01 61—

08
09
0¥
4
Y4
S¢
4
S¢
S1-

G
0

0¢— 03 G1—

HUd
HUd
HUd
HYd
Hud
HUd

8Y'l

8¥'1

8¥'1

87’1

8yl

8Y'L

8Y'l

8¥'1

8¥'1

8Y'L

0L'61

60T
8¥'1
8Y'l
8¥'1
8¥'1

Iowirp
rolort(agN) vyl
Iswip
rolort(agN) vyl
Iswp

ropleor(agN) il
owirp

ropleorT(agN) vyl
Iowirp

roleoT(agN) vyl
Iowp

*O1Dl60T(a@gN) vyl
Ioawirp

*O1Dl60T(agN) vyl
Iswip
*O1Dl60T(agN) Y]
Iowirp

roleoT(a@gN) vyl

.ngﬂu
roleoT(agN)yl
YorI8oT(agaN) vl
rorlgoT(agN) vyl
roDISoT(agN) il
rord[goT(agN) vyl
roIsoT(@gN) il
Yo1I80T(agaN) vl

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN

SVHN
SVHN

ud
ud
ud
ud
ud
ud
ud
ud
ud
ud
ud
ud
ud
ud

ud
Uud

€8¢
8¢
18¢
08¢
6LE
8L¢
LLE
9L¢
SLE
YLE
€LE
(443
1L¢
0L

69¢
89¢



942 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

Lz M) Lse  666< 009 00T £9T°0 ST HON 3 vadlte(@od)yd]l  SYHN P2W0D Ud 20
I:1=
18 €01 ® - 0S8 8¥ 00I HOM:HUd 69 DIgg(@od)yd]l OVHN SW°0D Ud  10¥
[Dlog-suvy
eg9 . (S)¢v - - - - 0S - 0S -pleustpexoy-¢‘T)idl  SVHN SWYOD  Ud 00
8zl (s)e6< 001 €8 66< 4 1 dHL I3 °ddley9r(@oD)yd]l  zdHN  H®OD Yd  66¢
87T (S)e6< 00T €8 66< 4 11 dH.L I3 %4dleeot(@od)wd]  ZgHN  HYOD ud  86¢
9ot ()1 00L 001 001 1 11 HO3W s Dlezt(@od)yd]  zdHN  HYOD Ud  £6¢
90T (S)vv 00r  OLI 01T I 11 HO3W (s plgzr(@dod)yd]  zgdHN  HOD Ud  96¢
9z (s) s6 (00T 4 HOW 0S viglege(@od)yd]  zZgHN  H®OD Ud  S6¢
92 (s) 96 0S 6T 0S (LIT0 4 HOW 1 vaglege(@od)wd]  ZgHN  HYOD Ud  ¥6¢
Q16 () L€ 0S 0001 0S (500 94 HO°W I vagbze(@od)ud]  zdHN  HYOD ud  €6¢
Q6 (s)0s6 0S 00ST 0S ££€0°0 194 HOW 1 vadleze(@od)ydl  zgHN  HYOD Ud  T6¢
8 (s)zes 00r ¥ 001 4 11 vdlI I vadlse(@od)w]  zgHN  HPOD Ud 16
1:1=
61T (o () L 00 ¢ 00T 34 11 HYd:HOMW I N9g+s9r+(@od)pw] OSvHN  HOD Ud  06¢
07~
v6 () $6 €6 € 981 L 0} §T- - gy'T  wip *OP[0IT(@gN)yd]  dYHN  HPOD Ud  68¢
v6 @ rer g6 €1 6 L 07— 01 S1— - gyt puwp *oP[oI(agN)yd]  dYHN  HYOD Ud  88¢
v6 () 1e Q00T ¥ 001 14 08 - gy'1  wip *OP[oIt(agN)yd]  dYHN  HPOD ud /8¢
v6 @) ST q001 ¥ 00T T 09 - gyt puwp *oPloI(agN)yyd]  SYHN  HYOD ud 98¢
v6 () 1e Q00T ¥ 001 4 o - gy'T  rwip *OP[0IL(agN)yd]  dYHN  HYOD uUd  S8¢
v6 (M) ST @l6 80 761 14 4 - gy'T  wip *OP[0IL(@gN)yd]  SYHN  HY0D Ud  ¥8¢
[yl bl [req]
awiy *dwiay juaAjos [*Hld d A
(s)eoua (74 B C74 I Wt
.‘_w.u—ww_ 99 ‘AU0) 401 NOL m:O_u__o_._OU “—w>_mumu wuw‘_umn_:m x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 943

66

66

66

66

66

88

88

06

68

916
916
q16
E16
916 9

0s
0S
0S
0S

0S

00T
(@001

001

0S
0S
0S

0S

0S
08
0S
0S
001

@l¥
68

00ST

00SsT

000¢

000¢

00ST
€€
00C

S¢9
L1¥
00S

00S

vy
90

()8

6y

1¥6¢

60
81S¢C

08  €€00
0S  €€00
0S L1100
0S  L10°0
05 €€00
001 ¢
00l S0
0S -
© 001 8
0S 800
0S 710
0S (10
0s (10
0S (€110
08 (€€8<
05 (LL'S
05 (LIT0
00S L1°0
§'0C 144
8Ty L1°0

Y4

Y4

S¢

S¢

S¢

0¢
4
Y4
S¢
Y4
S¢
S¢
St
S0
¢€'1C
S¢
S¢

S¢
11

rg4gsD [owmt
T'0+0‘H
Y1gqy [owrtu
T'0+0‘H
gy [oww
T'0+0‘H
Y4geN [oww
T'0+0°H
YAgr] ow
1'0+0%H
HOM

HOM

HOM

Hud

HO°IN
HO°IN
HOSIN

HO¥

HOSIN
HO°IN
HOSIN

Hud

HO¥

Hud

WoHa

1
QU03228/[0],
WDa

I vadlqze(aod)ul
I vadlqze(aod)ul
I vaglqze(aod)ul
1 vadlqze(@od)ud]

v1dlqz6(aoD)uyl
ogdles6(agN)uyl
ogdles6(adaN) ]
voplese(@aod)yl
Dlese6(@od)uyl
vadlez6(@od)yl
vagalesz6(@oD)uyl
vadlese(aod)uy]
vadaleze(@aod)uyl
Rl

]

)

]

)

)

]

]

— o

(=3
1a}

vadlez6(@od)y
vadlesz6(aod)uy
vadlez6(@od)y
vadlesz6(aod)yy
(remmau) ez6+D(AOD)Y
(remnau) ez6+[D(@OD)Y
(oruoned) ez6+D(AOD)UY
vadlere(aod)yd

S = = =

(=)}

L6 Dles6(aOD) Y]
6'9 vagalese(aod) il

SVHN

SVHN

SVHN

SVHN

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

SVHN
SVHN

BAKe)
ANC0D
SANC0D
SNC0D

SN0D
SNCOD
SNC0D
AN0D
SNC0D
AN0D
AN0D
AN0D
AN0D
ANOD
AN0D
SNC0D
AN0D
AN0D
SNC0D
AN0D
SNC0D

AN0D
ANC0D

ud

ud

ud

ud

ud
Ud
Uud
ud
Ud
ud
ud
Ud
ud
ud
ud
Ud
ud
ud
Ud
ud
Ud

ud
Uud

Sty

vy

[¥44

wy

[¥44
(a4
6Ly
8Ly
L1¥
91y
STy
1454
1384
(454
11y
oLy
601
80%
L0Y
90%
SOy

0¥
€0y



944 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

9z (S)¥'s6 - - - - 00— HOSIN I vidlegse(@oD)a]  OVHN 20D ud 9y
9z (S) §'16 0S  THT09 0S (€8000°0 4 HO N 001 vadlege(@oD)ud]  SVHN OWOD  Ud Sty
9z (8) 116 0S 8 0S (€010 94 HOW 3 vadlege(@OD)]  OVHN SW0D  Ud Py
97 (S) 68 0S 6T 0S (4110 ST HOM I vgdalege(@od)d]  SVHN  SWCOD yd 1344
(tenmnau)
97 ((S) 6L 0S 69 A T HOW I eg6+D(@OD)YY]  SVHN SW0D  Ud wr
(otuoned)
97 () 69 0S 6T 05  (LIT'O 4 HYd I ege+7D(@oD)wd]  SVHN AWOD  Ud 5274
el6  (S) €9 - - - - ST HOW I vgdalpze(@od)yd]l  SVHN  2INY0D yd ob¥
9z (S)zLt - - - - ST HOSN I vadlpz6(@od)md]  OVHN SIN‘OD yd 34
q16 (S) 86 0S 0001 0S ;500 ST HOW 1 vaabze(@od)wd]  SVHN  SIWY0D yd 8ch
el6  (S) s 0S  00S 0S 10 ST 8/ (1g + HOSW I v4d26 EouEm_ SVHN SN0D yd LEY
el6  (S)¢8 0s  LI¥ 0S AN ST 9/ lug+HON I vqdbze(@od)a]  dVHN  2IWC0D yd 9¢¥
el6  (S) 8 0S 79 0S 80°0 ST 8S (11g + HOSW 1 vagabze(@od)wd]  dVHN  SWCOD yd Sev
el6  (S) €8 0S  00S 0S 10 ST 96 (11g + HOSW I vqdbz6(@od)]  dVHN  2IWC0D yd 1434
el6  (S) /8 0S <8¢ 0S €T°0 ST 08 U99MT,+ HOSIN I vaabse(ao Em_ SYHN SINOD ud €ct
el6  (S) S8 0S LY 0S 0 ST 09 U22MT,+ HOSIN I vagabsze(@od)md]  dVHN  SIWCOD yd 434
el6  (S) 98 0S  00S 0S 10 Y4 0t UeaML + HOW I vqdz6(@od)y _ SVHN 2IW°0D yd £3%
el6  (S) 98 0S  LI¥ 0S 0 ST 0T U99MT,+ HOSIN 1 vgabze(@od)uyd]l  SVHN  2IN0D yd osy
el6  (S) /8 0S  vIL 0S £0°0 ST 001-X UOHIL+HOSN I vqdz6(@od)y _ OSYHN 90D ud 6TY
el6  (S) 19 0S 98 0S 850 ST HOSIN I vaabze(@od)wd]  dVHN  SIWCOD yd 8TH
68 ((s) o1 - - (> 00T 8 44 0S plaze(aod)y _ OSYHN  2IN0D Yd LTy
66 (S) 1¥ 0S  00ST 0S £€0°0 Y4 O’H I v4dlqz6(@od)mi]  SVHN SIWOD ud 9T¥
[yl b.] [req]
swil  “dwdy wonps  [*HId d A R
(s)oouo el [l [,-ul

.._w.*ww_ 299 ‘AU0) 401 NOL m:o_”—_v:ou um>_NuNU w”—m;umnzm x._a:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 945

L6 (S) ¥6 0s S 0S GTT ST (3S€0°0 ‘SAS+OH I vaglige(@od)ud]  SYHN PWY0D  ud LLY
L6 (S) 48 0s 8 0$ 49 94 OH I vadlige(@od)ud]  SYHN PWY0D  ud 9y
L6 (s)s6 0S 788 0S ;49500 ST HOW I vgalige(@od)]  SVHN  9IN¢0D yd SLy
qs6 018 - - - € VI dHIL 87 °4qsluge(@od)uyd]  SVHN SW‘0D qd YLy
qs6 066 - - - € VI dHL 87T 24qs[8g6(@od)uyd]l  SVHN SIWCOD qd €Ly
q56 86 - - - € VI dHL 87T v1d[886(@OD)W]  SVHN  SIN¢0D ud wuy
qs6 07 - . - € Y1 dHL 87 °4qs[ege(@oD)m]  SVHN  =SNOD yd 942
qs6 86 - - - €T Y1 AHL 87— vgaPge(@od)md]  dVHN  SIWCOD ud 0Ly
q56 L - - - o4 11 dHL 87T v14[pg6(@oD)d]  SVHN 20D yd 69%
qs6 07 - - - €7 VI dHL 87T °1qs86(@oD)d]  SVHN 90D yd 89%
qs6 9 - - - € 11 dHL 87 vgabse(@od)uyd]  SVHN  SNOD yd LY
qs6 ¥'L6 - - - £ 11 dHL 87 °4qslqg6(aoD)]  SVHN  SIN°0D yd 99%
qs6 716 - - - € I dHL 87T vgdalqge(@od)yd]  SVHN  SIN¢0D yd S9¥
qs6 706 - - - £ 11 dHL 87T 24qslege(@oD)yd]  SVHN SW0D yd 9%
qs6 L'Y8 - - - €T VI AHL 87 vgalege(@od)d]  SVHN  SWCOD yd €9%
216 (s) 018 0S  00S 0S 610 4 [oL I vidlege(@oD)ud]  OVHN OWOD  Ud 97
216 (s) 018 0S 6T 0S  GLIT°0 94 Hud 1 vadlege(@oD)]  OVHN 2WY0D  Ud 19%
216 (S) 198 0S  0SL 0S (4900 94 dHL I viglege(@oD)ud]  SVHN OWOD  Ud 09%
a16  (s) 68 0S 009 05 (€800 4 HOM I vidlege(@oD)yd]  SVHN OWOD  Ud 65¥
216 (S) 18 0S <8¢ 0S €T°0 ST SURIAX-d I vgalege(@od)d]  SVHN  SWCOD Ud 8S¥
216 (S) s8 0S  S79 0S 80°0 ST SURIAX-W 1 viglegse(@od)qd] OVHN 2WP0D yd LSV
316 (S) €8 0S 2991 0S €00 Y4 SUD[AX-0 I vidlegse(@oDd)a]  SVHN 2WCOD ud 9G¥
216 (S) 68 0S 6T 0S L1°0 ST DHD 1 vgdalege(@oD)d]  SVHN  SWCOD yd SS
216 (S) 06 0S  S79 0S 80°0 ST [DYHDYHDID I vidlegse(@od)] OVHN 2WP0D yd ¥
216 (S) s'16 0S  00S 0S 410 ST HOW 1 vgalege(@od)d]  SVHN  SWCOD yd €S
el6  (S) 16 - - - - ST HO°IN I vgglege(@oOD)d]  OVHN  SWCOD yd 494
9z (S) 798 - - - - 9%S HOSN I vidlegse(@od)]  SVHN 20D Yd 157
9z (s) 088 - - - - 90F HOSW I vgalege(@oD)md]  SVHN  SWCOD yd 0S¥
9z (S) s°06 - - - - ST HOSW I viglegse(@od)] OVHN 20D yd 6¥v
9z (S) €6 - - - - T0I HOSW I vgdalege(@oD)d]  SVHN  SWCOD ud 44
9z () 6¢6 - - - - TS HOSW I vgglege(@oD)d]  SVHN SWCOD yd L¥v



946 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

q'es6 0T - - - €T 11 dHL 87 vadleeor(@oD)ud]  OYHN 9WOD  ud  66¥
q'es6 €T - - - - 11 dHL 87¢ vadlpeot(@od)y _ SYHN 9W°0D yd 86
qQes6 01 - - - €T 11 dHL 87 *qaPeor(@od)d]  SVHN PWYOD  ud  L6¥
qs6 L - - €T 11 dHL 87¢ vadlqeot(aod)y _ SYHN PWY0D  Ud  96¥
®S6 TL - - - - 1 dHL 87 vaglqeor(@od)ydl  SVHN PWFOD  ud  S6¥
qs6 €96 - - - €T 11 dHL 87 %1qslecot(@od)wdl  SYHN °WOD  ud  #6¥
q56 0¢6 - - - €T 11 dHL 87¢ vadlecot(@od)y _ SVHN  dN°0D yd  €6¥
qs6 6v6 - - - €T 11 dHL 87-r  °4qslqeor(@od)wd]  SVHN PW0D  ud  T6¥
qs6 86 - - - €-C 11 dHL 87¢ °4qs[ezor(@od)y _ SYHN 90D yd 16%
qs6 €86 - - - € 11 dHL 87 vaglezor(@oD)wd]  OYHN °WOD  ud  06¥
16 (s) g'€8  0S 19¢ 0S  (+10 4 HOW I *aalyror(aod)y _ SVHN PW‘0D  Ud 68
216 (S) €68 05 L0V 0S  4CI'0 94 HOW 13 vadP1oT(@od)yyd]  SYHN 20D yd 88t
216 (s) 806 05 949 0S (ST T HO N I vadlprot(@od)udl  SVHN °WOD  ud L8
216 (S)zes oS 69 0S  (IT°0 94 HOW I3 vadpProt(aod)y _ SYHN 9W°0D yd 98t
216 (s) 816 05 9¢s 05 (€600 T HON I vaglqrot(@od)udl  SYHN °WOD  ud S8y
216 S) 116 05 999 0S (4600 94 HON 1 vadleror(aod)y _ SYHN PWY0D  Ud +8%
216 (s) o8 oS - 0s - 94 HO N I vadlqoort(@od)d]  SVHN PWFOD  ud €8
eL6 (S)eg - - - - 4 HOW I *149001(@OD)UY]  SVHN PWOD  Ud  8F
68 @s)or - - 001 8 Y4 0S ploot(ao Em_ SYHN 3°0D yd 18¥
sl’0
L6 (s) s6 oS 0ST 0S  (€€0 ST ‘001-X UOYIL+OH I vadlige(@on)ud]  SVHN 9WPOD  Ud 08
©€00
L6 (S) s6 oS 9% 0S (;€80°T ST “001°X UOIIL+OH I *1dl186(AOD)YM]  SYHN 2WY0D  Ud  6L¥
L6 (S) L6 oS 69% 0S  (IT°0 ST g€L1°0 ‘'SASTO’H 1 vadlige(@od)ydl  SYHN  2N°0D yd 8Ly
[ul b [req]
swil  dway wanes  [*Hld d A R

(s)eoua [%] el [yl

-13)9y 99 ‘AU0) 401 NOL suoljipuo) _—mx_m_—mU ajelisqns x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 947

01
01
101

101
101
101
101
<01
01

00T ~

001

001
001
001
001

0S
0S
0S
0S

0S
0S

0S

0S

0S

001

L9

123
23
001

001

001
0S
001
0t

0S
0S
0S

€C

‘1
1
11

ﬁ
11
1
71
91
11

Y4
S¢
Y4
Y4
Y4
Y4
S¢
Y4
S¢
S¢
Y4
S¢
Y4

11

S¢

.E
91
11
11
11
11

AHL

dHL

(z:€) HOPW/OH
(1:%°0:9°0)

oy0¥ /HOSN/O'H
(1:1) ovo¥a/o*H
SAs % 01 +0°H
OH

dHL

AHL

HUYd

HOW

HUd

HOSW

HOW

HOSW

HOW

HOSW

HOW

HOSW

HOSIN
dHL
HOM
dHL
dHL
AHL
dHL
dHL
dHL

L0'C
L0'C

wm NN

L0°C
L0'C

O = o o
w

— O
)

8T

8¢
8¢
8¢
8¢
8¢
8¢

°4qsleert(a
°24qslgrila
vaalzit(a

vagalzii(a@o
vadlzit(@o
vagalzit(do
vagalzrr(@o
°4qslqoti(ao
°4qsleort(@o
vadlarri(ao
vagleyri(ao
vadlerir(ao
vadlerir(@do
vaglyerr(@o
vagaberr(ao
vagalpert(ao
vgalperi(ao
vqdPerr(ao
vgabert(ao
plagtt(@o
plecit(@o
vagalqzir(ao
vqdlezit(@o
roplrrr(@o
°4qs[e9ot(ao
vaglesor(ao
vqgalpyor(ao
vagalqror(ao
vadaleror(ao
vgdl3cot(@o

o)yl
oDyl
0Dyl

_
]
]
_
_

_

_
_

_
_

_
]
l
_

v
oLt
o)L}
o)k}
o)L}
o)L}
oy
o)L}
Oy
o)L}
Dy
oy
o)k}
Oy
o)L}
D)uy
o)L}
o)L}
oy
o)L}
o)k}
o)L}
o)L}
oy
o)L} _
Oy

v

ﬁ:

SVHN
SVHN
SVHN

SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN

SAN0D
SNY0D
SNC0D

AN0D
AN0D
IN0OD
AN0D
ANOD
ANOD
SNCOD
ANOD
SNCOD
SNC0D
AN0OD
SNC0D
AN0D
AN0D
INOD
AN0OD
ANOD
AN0D
SNCOD
IN0D
AN0D
SNC0D
AN0D
SNCOD
INOD
AN0D
SNC0D

Ud
Ud
ud

ud
Ud
ud
ud
ud
Ud
Ud
ud
Ud
Ud
ud
Ud
ud
Ud
ud
ud
ud
ud
Ud
ud
ud
Ud
ud
Ud
ud
Ud
Ud

6¢S
8¢S
LTS

9¢s
S¢S
4
€S
(449
1es
0cs
61S
81S
L1S
91S
SIS
145
€1s
(45
LIS
01S
608
80S
L0S
90S
S0S
0S
€0S
08
10§
00S



948 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

¥oI () s€ 001 000S 00T 700 ST Jielel 1 vadlzzi(@od)ydl  SVHN  SINC0D ud 499
¥0T () oz 00T 8¢T 001 wo ST NDA 1 vadlozi(@od)il  SVHN 20D ud 155
68 )8y o001 00T 00T I Y4 - 0S plozr(@od)wa]  SYHN 30D Yd 0SS
¥0I () or 001 000S 001 200 ST DA 1 vadlozr(ao Em_ SYHN SW°0D yd 6¥S
cor  (s)se  oo1 001 001 1 ST dHL 1 vgdalszi(@od)ydl  SVHN  SIN¢0D yd 8¥S
cor ) +ve o001 |4 001 8 001 1:T=HO¥:Hud 89 Dlvzr(@od)ydl  SVHN  SIN°0D ud L¥S
€01 () ¥z oor 001 001 1 ST dHL 1 vadlyzi(ao Em_ SYHN 20D ud 9hS
qs6 0'6% - - - €T ERS AHL 87 °4qslqezi(@od)ydl  SvHN 20D Ud S¥S
o1 () 9s o001 0SZT 001 80°0 31 3U03dY 1 vadlrzi(@od)yd]  SVHN  SIWC0D yd ¥
sor () sz  oo1 0SZT 001 800 I 7iEl WDA/Puody 1 vadlpzzi(@od)wd]  SVHN  SIWCOD yd €95
sor )z oot 0SZT 001 80°0 11 aU03dY 1 vagbrzi(@od)yd]l SVHN  PWC0D yd ws
01 ()18 96 00ZI 96 80°0 ¥ 7] WDQA/uoidy 1 vadlqzzi(@od)yd]l  SVHN 20D yd 1S
ot e <6 8311 S6 80°0 11 SUO0IDY 1 vgglezzr(@od)ydl  SVHN  SIN°0D ud ovS
so1 () ze oo1 0SZT 001 80°0 T1 au03dY 1 vadlprzi(@dod)ydl  SVHN  PIWCOD yd 6€S
sor () es o001 0SZ1 001 80°0 VI 9UOIDY 1 vqdalqrzi(@od)yd]l  SVHN 20D Ud 8¢S
sor () st oo1 0SZT 001 80°0 V1 SU0}DY 1 vaglerzi(@od)yd]  SVHN  SIWC0D yd L£S
sor () sz oo1 0SZT 001 80°0 VI 3U0320Y 1 *dadloziiuws(do Em_ SVHN SWY0D yd 9¢¢
10T () 06 00T 001 001 I 11 SAS %M 0T+OH S vadlpe1t(@od)ud]  OVHN °WOD  Ud  S€S
ot () ss oot ¢ (014 9 11 OH S vadlper1(@OD)Y _ SYHN 20D ud ¥€S
ot (s) sz oor L9 001 ST VI (z:¢) HOPW/OH S vgaber1(@od)w]  SVHN  SWCOD Ud €€s
(T:4°0:9°0)
o1 (s)9z oo1 13 001 € I OVOM/HOSN/OH S vgaPer1(@od)wd]  SVHN  SIWCOD Ud 459
ot (s)89 o001 €€ 0S ST VI (1:1) svo¥a/0*H S vagberr(@od)yd]l SVHN 2WFOD yd €S
01 () /8 001~ - - - 31 dHL /0T °4qslqerr(@od)ydl  SVHN 20D yd 0€S
[yl b.] [1eq]
awiry  dway wanps  [°HId d A R
(s)eoua el el [yl
.._w.www_ 299 ‘AUOD) 401 NOL m_._o_u__u:OU um>_muNU wum‘_umn:m x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 949

8I1L
SLL
811
8I1
STT
qQL11
qQL1T
qL11
qL11
qLIT
qQL11
11t
111
11T
11t
111
011l
€Il
€1l
(A8
801
801
L01
JA
L01
L01
L01
L01
801
01

€1

2
~
I

aa
N o
=

2D

66<

a
0
)

a
—
(=2}

DD
NN N B
TR NN

—_ Y
oo

<
—

Ly

() s1¢
() o1

001
001
001
001

96
86
001
001
001
96
66<
66<
86
66<
66<
001
Y6
001
18
996
S'C6
001
001
001
001
001
001
6'66
001

€'ee
€'ee
€0¢
'Sy

45
€l
STl

08¢
L91

45

€€8

00S

0961

00ST

000¢

144

Ly

61l

¢l

1c

00

00¥

00%

00¥

00%

00

81

eel

001
001
001
001
96
86
001
0001
001
96
0008
0001
086
0005
0001
6LY
¥6
001
88¢
996
SC6
001
001
001
001
001
001
6'66
001

4
€'e

jTa)
NS N O ® Ot 0 R 0

[4

n
N o S

0C
S'L
N4
SC0
S0
SC0
S0
SC0
SC0
S'S
SL0

S¢
S¢
S¢
SC
S¢
S¢
4

4
N4

ﬁ
91
91
11
91

SC

4
S¢
4
N4
S¢
4
S¢
4
14
S¢
4

WDd
WDd
WDAd
WDd
dHL
NDd
WDd
WDd
WDd
WDa
NDd
HO’N
oL
HO°IN
HOSN
HO°IN
WDa
HO°IN
HO°IN
HO>IN
HUd
HUd
HUd
WDd
dHL
Vdl
HOSIN
QU010
HUd
WDd

= o

N wn O
[aa}

e
S'e

§'¢
Sl

(s
ST

Sve
Sve
e
Sve
Sy
Sve

1

vadlpost(aod)uy]
vgaPost(aod)uyl
v4dlqost(@oD) ]
vagleost(@oD) vyl
vadlzyi(@aod)vyul
vagPoy1(dod)y]
v14[e9rT(@0D) Y]
vaglesr1(aoD)yy]
vaabyr1(dod) ]
vagPyy1(@oDd) ]
vadleyr1(aoD)uy]
vaalqrri(aoD) ]
v14lq1y1(doD)yl
vaalqrri(aoD) ]
v14e1¥1(a0oD)uy]
vadalery1(aoD)yul
vaglorT(a@oD)uy]
radles1(@oD)y]
v1dle€T(@oD) Y]
vagalost(@on)yyl
vaglser(aod)u]
v1dlyeT(@od)uy]
vaglzer(aod)y]
vadlzeT(@oD)uy]
vadlzeT(@od)uy]
vaglzer(aod)u]
vadlzeT(@od)uy]
vaglzer(aod)y]
vagal1eT(@oD)uy]
vadlzzr(@od)l

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

SN*0D
ANOD
SN*0D
AN0OD
SN*0D
ANC0D
AN0OD
ANCOD
AN0OD
SN*0D
ANC0D
SN®0D
SN*0D
AN0D
SN*0D
ANC0OD
SN*0D
ANC0D
AN0OD
ANCOD
AN0D
SN*0D
ANC0D
AN0OD
SN*0D
AN0D
SN*0D
AN0D
SN®0D
SN*0D

Uud
ud
Ud
Ud
Ud
Ud
Ud
Uud
Ud
Ud
Ud
Ud
Uud
ud
Ud
Ud
Ud
Ud
Ud
Uud
Ud
Ud
Ud
ud
Uud
Ud
Ud
Ud
Ud
ud

78S
18S
08S
6LS
8LS
LLS
9LS
SLS
VLS
€LS
LS
1LS
0LS
69S
89S
£9S
99S
§9S
95
€9S
98
19¢
09¢
655
8SS
LSS
9SS
§SS
¥SS
€SS



950 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

871 (S)66< 001 €8 66< 4} VI dHL I o1dley91(@od)w]  SVHN SWYOD  Ud 09
gzl (S)66< 001 €8 66< 41 ¥I dHL I °gdlegor(@oD)yd] OVHN SW0D  UYd €09
szl () s6 00T  0S 0S 1 ¥I WDA I vadlqo9t(@od)m]  SVHN SWYOD  Ud 709
gzl (S) 99 00T T¥ 0S 45 VI WDa I vqdleo9t(@oD)W]  SVHN SWOD  ud 109
71 () €9 @8 S¢ 13 ¥z ¥I WDA I vadlyesT(@oD)wd] SVHN SWOD  Ud 009
szt (S) 68 00T T¥ 0S 43 R WDa I vgdal8esT(@oD)yd]  SVHN SWOD  Ud  66S
c71 ()¢ 00T T+ 0S 41 ¥I WDA I vadlyest(@od)yd] OVHN SIW0D  Ud  86S
szl () s6 00T €8 001 43 VI jielel I v1aPesT(@oD)]  SVHN SIW0D  Ud  £6S
szt (S) s6 00T €8 001 43 ¥1 WDa I vadlpest(@oD)yd] OVHN SW0D  Ud 96§
71 (S)o 00T 1°C 0S ¥T ¥I WDA I rqdPesT(@oD)yd]  SVHN PSW0D  Ud  S6S
szt (S) 26 00l T¥ 001 ¥T 11 WDa I vqdalqest(@oD)yd]  SVHN SWYOD  Ud  +6S
¢zl () L6 00T T+ 001 ¥z RS WDA I vqdleest(@oD)md]  OVHN SIWOD  Ud  €6S
eyl () 906 07 €9 001 91 VI WDa 'y vgaPost(@od)w]  SVHN SWYOD  Ud  T6S
eyl () 195 00T  €1¢ 00S 91 VI DA Iy vqdlqost(@od)yd]  OVHN SW0D  Yd 16§
eyl () 66 00T €T€ 00S 91 VI jielel Ty vgdleost(@od)yd]l  SVHN 90D Ud  06S
eyl (S) 0T Y ¥6 544 ¥T VI WDa 'y vgaPsst(@od)wd]  SVHN SWYOD  Ud  68S
eyl (S) 066 00T 88T 00S ¥T ¥I WDA Iy ¥4 dlqsst-(xey‘s) (@od)ydl  SVHN SW0D  Ud 88§
eyl () €0L 06 88l 0S¥ ¥T VI WDa I'v 44 lqssi-(xes‘s)(@od)wd]  SVHN  SWYOD  Ud /8§
Lz () os 00T T'IT 002 8T VI IoL, S jrobrst(@od)yd]l  SVHN SWYOD  ud 98§
71 (S) 68 00T TTI 007 81 VI oL S jrolgrst(@od)ydl  dSvHN 90D Ud  S8S
Lzl (s) s8 00T T'T1 00 8T EE! [oL, S j1olerst(@od)ydl  SVHN SW0D  Yd  #8S
zr (s) 18 00T T'IT 002 ST ¥I HOI S j1olerst(@od)yd]l  SVHN SW0D  Ud €8S
[ul b.] [req]
swiy  dway juanjos [*Hld d . |
(s)eoua el el [yl
.._w.wwm 299 ‘AU0) 401 NOL m:O_u_“v:OU _—mx_m_—mu wum‘_umnzm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 951

101
9z
9z

q16

q16
9zl
9zl
9zl
9zl
91
qerTI
qIet
eIl
qerTI
qQerzt

6C1
6CL
671
6C1
671
671
671
671

€L

001
0S
0s
0S
S€
6T
€S
L
LL
001
001
001
001
001

«(oor)

001
001
001
001
001
88

001
001

€1
€8
€8

L9

€€

(Y44
0001
00S

O N~ <

00¢
00¢
00¢
€

88§

(a4
9
L1
L1
L1
144
00¢
001

06

66<
66<
001

001

(00T

0S
0s
0S
S€
6T
€S
(4
LL
001
001
001
001
001

0S
0S
U4
()4
(114
88
001
001

4!
4!
ST

GLIT0
3500
Glo

45
S0
S0
S0

L1°0

wraat

09
S¢

11
I
11

S¢
S¢
Y4
S¢
Y4
St
S¢
ST
S¢

11

S¢

11

S¢
S¢

.:
.
1
1
1
1
.
1

HOM
HOSN

dHL

dH.L
(z:€)HOSW/O*H
(1:%°0:9°0) ovOM
/HOPW/O'H
HON

HOSN

HOSIN

HON

WDa

WDa

WDa

WDa

WDa

WDa

WDa

WDa

WDa

WDa

(1:1) svos/o*H
HOSN

O'H

O'H

O%H

10da

10a

WDa

o~ =

°41dl6s(ao Em_
vqdaleg6(@oD)ud
°4dler91(aod)ud
°4d[ee91(@oD)Y _
vaglz1T(@od)uy]

vaalz1t(@aod)vyul
vadleg6(@oD)uyl
vadlege(@oD)uul
vaabze(@oD)ud]

(
vagles6(@od)y]
v4dlpgot(aoD) ]
v14[891(qod)y]
vgdlqgot(aoD) ]

v14[e89T(q0OD) Y]
v1dlegot(aoD)yul
vadalpzo1(aod)wyl
vqd[£91(aoD)yy]
vaabz91(aod)yul
vadlqz91(qoD)y]
vqdles91(@oD)uyl

v1gl991(aoD)y]
v14[99T(q0D) 7]
v14[991(q0D) ]
vadlo91(aod)v]
v14[991(@0D) 7]
v1gl991(aoD)y]
v14[99T(q0D) 7]
v14[991(qoD)uy]

SVHN
ZADHN
ZdHN
ZdHN
ZdHN

ZdHN
ZdHN
ZdHN
ZdHN
ZdHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
OVHN
SVHN
OVHN

SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

10D
SNC0D
SNC0D
SNC0D
SNC0D

AN0D
ANOD
AN0D
SNC0D
AN0D
SNC0D
SNC0D
AN0D
SNC0D
AN0D
SNC0D
ANOD
AN0D
AN0OD
AN0D

INOD
AN0D
SNC0D
AN0D
SNC0D
AN0D
SNCOD
SNC0D

Uud
ud
Ud
Ud
Ud

Ud
Ud
Ud
Ud
Ud
Ud
ud
ud
Ud
Ud
Ud
Ud
ud
Uud
Ud

Ud
ud
ud
Ud
Ud
Ud
Ud
ud

(4%}
1€9
0¢9
679
879

L29
979
S79
79
€79
(44}
129
079
619
819
L19
919
S19
19
€19

19
119
019
609
809
£09
909
S09



952 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

01 () 9¥6 001 00¥—00T 00T 1-ST°0 S0 SUORDY  GHE vadlzet(@od)]  SVHN  HCOD UdD+ 959
L01 () €¢€6 00T 00¥—00T 00T 1-ST°0 Y4 QUORDY  GPE vadlzetr EouEm_ SYHN  HOD Ud D+  $S9
z [ €L6 6665 009 00T £91°0 ST HOI 1 vgdltel@dod)wd]l  dSvHN  HYOD YdD+  +59
671 () L9 001 4 0S ¥T 11 (1:1) oVOM/OH IS vadl99t1 Eouzm_ SYHN 90D Ud D€ €59
s (S)ese 001 1767 00S 10 Y1 WDA 69 vgdlep6(@oD)d]  OVHN SWYOD Yd-ID€  TS9
s S)evs  goL 1402 se L1 VI WDd 69 vgdlese(@oD)d]  OVHN SWCOD Ud-ID€ 1S9
01 () €06 00T 00¥—001 001 1-S7°0 ST QUOIDY  §HE vadlzet Eouvﬁ: SYHN  HOD UdD€ 059
49 (S) s 618 088 (1144 S0 VI HON 69 vgalepe(@oD)d]  SVHN  HYOD UdID€  6¥9
s (S)sor  €9s 95 (4:14 S0 ¥I HON 69 vadlese EouEm_ SYHN  HOD UdD€¢ 849
(t WMvie  666< 009 00T £91°0 ST HO?IN I vgdaliel@dod)wd]l  SVHN  HYOD Yd-ID€ Ly
871 (S)66< 001 €8 66< 4 11 dH.L I °1d[er9t(@oD)yd]l  OVHN SWC0D UdIDT 99
87T (s)e6< 001 €8 66< 4! ¥I dHL I °gdleeor(@od)yd]l  OVHN PSW0D UdIDT  S9
6L (S)s18 001 €8 001 (4 I IoL, € o4dlyse(@od)ydl  SVHN SWOD Ud DT  ¥+9
(49 (S) <8 001 17627 00S  L1°0 ¥I WDd 69 vadleve EouEm_ SYHN 90D UYdDT €49
871 (S)66< 001 €8 66< 43 1L dHL 1 o1dley9r(@od)wd] OSVHN  HYOD YdIDT 9
gzl (S)66< 001 €8 66< (4 11 dH.L I °1dleg91 Eouzm_ SYHN  HYOD Ud DT T1+9
01 () €ze6 00T 00¥—001 00T T-ST°0 ST JUOPIY  GpE vgdleer(@oo)ydl  SVHN  H0D Ud- DT  0+9
8 (S)6T6 001 4 001 ¥T VI vdl I v4d [s6(@oD)wd]  dVHN  HYOD UdIDT  6£9
(z WMeLe  666< 009 00T £91°0 Y4 HO’IN I vadl16 Eouﬁm_ SYHN  HOD UdIDT 8¢9
97 706 0S S79 0S (800 ST HOSIN T vqgalege(@od)ud]  SVHN 30D yd  ££9
Q16 (S)¥¥6 0s 0001 0S (500 94 HOW I 1426 EouEm_ SYHN 30D yd  9¢9
q16  (S)9°06 0s 00S 0s  (T0 T HON I radles6(@od)yd]  SVHN 170D yd  S€9
9z €8S 0S 81 0S  (LT0 94 HOW I vadles6(@od)yd]  SVHN 10D yd  +€9
43 (s)zt 8 8¢ 13 € 09 HO¥ S °4dlo6(@od)yd] SVHN 30D ud  €¢9
[yl b.] [req]
swil  -dwsay woanps  [*Hld d A R
(s)eouo [%] [o¢] [,_ul
.._w.www_ 99 ‘AU0C) 401 NOL m:O_u_v:OU uwx_m_—mu w_—m._umn:m x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 953

86
86
86
La
LTl
Ltl
LTl
A4S
Lt
956
956
956
8¢l
8¢l
956
956
956
6L
81
8¢l
86
86
86
ES6
86
86
S8
L01
[49
Lt
LO1

001
001
001
86

001
001
001
001

6°66<

00T
001

001
001
001
001
001
001

001
001
001
001
00T

6'66<

001

23
123
€€
601
'tt
11
I'tt
00¥
009

€8
€8

€8
€8
€8

23
23
123
123
¥y
00%

1¥6¢

009

00¥—001

001
001
00T
961
00¢
00T
00T
00T
001

66<
66<

001
66<
66<
001
001
001

001
001
001
001
00S
001

00T 1-ST°0

.E
i
11
.
1
.
1

S¢
Y4

.Z
.
.
.
i
11
.
.
.
1
11
.
1
.
1
1
.
1

ST

11

Y4

SI-

dHL
dHL
JHL
oL
oL
oL

HO’IN
U012y
HO’IN

dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
oL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
Vdl

U0}y
NWDOa
HO2IN
U0}y

8¢
8¢
8¢

Sye

8T
8¢
8T

8T
8¢
8T

8¢
8¢
8¢

8T

8¢
8¢

Sye

69

43

24qslesT1(@dod)ud
v44lqse oouzm_
vadlege(@oD)mil
JLobysi(@on)wyl
JLolarst(aon)yl
JLoleysi(aoDn)myl
JLoleyst(@oDn)wyl
vadalzet(@od)yl
vadalre(@oD)uyl
°4qsleso1(aoD)udl
24qs[>86(aod) il

(ao

(

(a

(a

(a

(a

(a

(a

(a

(a

(a

°49slq86 Eouzm_

°1dley91(doD) A

o1dleg91 Eouzm_

°4qslecor(@oD) il

°24qslqge(aod) il

24qs[es6 Eouzm_

*1dlys6(aod)uy

°9d[er91 EouEm_
(a
(a
(a
(a
(a
(a
(a
(a
(a
(
(ao
(

91d[ee91(@oD) ]
vaglpstr(@od)yl
°4qslastT(@od)yl
24qslestT(@od)l
24qslecot(@od) il
v1dlqge(@od)vl
vadlege(@oD) ]
vad [s6(aoD)yul
vadlzeT(aod)udl

vadleve aouEm_
vadalrel@dod)ud
vadlzet oouzm_

SVHN
SVHN
OVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

H0D
H®0D
H0D
SNC0D
AN0D
AN0D
ANC0D
AN0D
ANC0OD
H®0D
H0D
H®0D
SNC0D
SINC0D
AN0OD
SNC0D
AN0D
AN0D
H®0D
H0D
H®0D
H®0D
H0D
H®0D
H0D
H®0D
H®0D
SNC0D
9N0D
ANOD
H®0D

Ud-d-¢

Ud-4-t

Ud-d-¢
Ud-1d-v
Ud-1d-v
Ud-1d-v
Ud-1d-+
Ud-1g-v
Ud-1d-+
Ud-1d-v
Ud-1d-v
Ud-1d-v
Yd-1d-¢
Ud-1d-¢
Ud-1g-¢
Ud-1d-¢
Ud-1d-¢
Ud-1d-¢
Ud-1d-¢
Ud-1g-¢
Ud-1d-¢
Ud-1d-¢
Ud-1d-¢
Ud-1d-¢
Ud-1g-¢
Ud-1d-¢
Ud-1d-¢
Ud- 1D+
Ud- 1D+
Ud- 1D+
Ud- 1D+

£89
989
$89
89
€89
89
189
089
6L9
819
LL9
9L9
SL9
¥L9
€49
L9
129
049
699
899
£99
999
S99
99
€99
799
199
099
659
859
LS9



954 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

q56 L'86 - - - T ¥ dHL 87T °4qs8ge(dod)wd]  SVHN  SWOD Yd-d-+ 11
q56 068 - - - T ¥ AHL 87T °49s(386(a@oD)u _ SYHN 2IN°0D yd-d-% 01L
qes6 06 - - - Y1 dHL 87T °4qslpg6(@oD)]  PVHN  SIWYOD Yd-d-+ 60L
qe56 0€l - - - T V1 AHL 87 24qs[>86(aod)y _ SVHN  SIN°0D Yyd-a-¥ 80L
qes6 TL6 - - - T VI dHL 87T °4qslqge(@oD)]  PVHN  SIWYOD Yd-d- LOL
qes6 0S8 - - - Y1 dHL 87T °4qsleg6(@oD)yd]  SVHN  SN0D Yd-d-+ 90L
qs6 0¥8 - - - T ¥ AHL 87T vadlege(@oD)u _ SYHN 2N°0D yd-d-¥ S0Z
6L (S) v'¢6 00T €8 00T 43 11 [oL 3 *qdlyse(@od)ydl  SVHN  SIWC0D Yd-d-+ Y0L
LT (¥) ss6  666< 009 00T £91°0 Y4 HO’N 1 vadlie(@od)pa]  SVHN  =N0D yd-d-v €0L
871 (S)66< 001 €8 66< 43 VI dHL 1 oqdley91(@od)yd]  SVHN  HPOD Yd-d-+ 0L
871 (S) 66 001 €8 66 41 ¥1 dHL 1 °gdlegor(@od)yd] SVHN  HOD Yd-d-+ 0L
q56 ¥'96 - - - VI dHL 87— °4qslesor(@od)yd]  dSVHN  HYOD Yd-d+ 00
S8 (S) 116 001 ¥ 001 ¥T ¥ vdI I v4gq [s6(@od)yd]  SVHN  HP0D Yd-d-+ 669
qs6 €96 - - - 31 dHL 87T °4qslecor(@oD)yd]  SVHN  SWC0D Yd-A-¢ 869
qs6 T'L6 - - - T VI dHL 87T °4qslqge(@od)wd]  PVHN  SIWCOD Yd-i-¢ £69
q6 688 - - - €= 11 dHL 87T 99qsleg6(@od)ydl  SVHN  2IN0D Yd-d-¢ 969
86 (s)z 00T - 001 VI dHL 8T vgaPsIt(@od)y]  PVHN  HYOD Yd-d-¢ S69
86 (s) s6 001 - 001 - VI AHL 8T vgalpstt(@od)wd]  dVHN  HYOD Yd-d-¢ ¥69
86 () 99 001 €¢ 00T € V1 AHL 8T °4qslesTT(@oD)yd]  SVHN 90D yd-i-¢ €69
qs6 9'66 - - - T VI AHL 87T °4qslesor(@oD)wd]  PVHN  SIWCOD yd-i-¢ 769
qs6 816 - - - 31 dHL 87T °4qs[8gs6(@od)yd]  SVHN 20D Yd-4-t 169
q56 896 - - - 7 VI dHL 87T °4qslqge(@oD)wd]  PVHN  SIWCOD Yd-1-T 069
qs6 1'68 - - - T VI dHL 87T °4qsleg6(@oD)q]  SVHN  SN?0D Yd-i-z 689
86 (S) 96 001 €¢ 00T € 31 AHL 8T °4qslqstr(@od)wdl  SVHN  HPOD yd-4-¢ 839
[ul . [1eq]
swiy dwy  juaAjos [tHld d A R

(s)ooua [%] el  [ul

.‘_w.*wm 99 ‘AUOC) 401 NOL m_._o_u__u:OU amx_m”—mU wum‘_amn_sm x._”—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 955

qes6 016 - - - ¢ VI dHL 87T ogqslege(@od)yd]l  SVHN  HPOD Yd-OdW-€ 1574
01 () s'T6 001 00¥ 00T ST0 ST Suody S vqdlzet(@od)y]  OVHN  SIWYOD  Yd-OH-¥ ovL
DIs8-sunis-(+)

L9 (S) g8y - - - T <1 - 0S (pustpexoy-¢‘T)yy]  SVHN  HYOD Yd-OHV  6§L
01 () 06 001 00¥ 00T ST0 G dU0IY Se vqdalzet(@oD)y]  SVHN  SIWYOD  Ud-“ON-¥ 8¢/
LT &) o6 666< 009 00T  £91°0 ST HOI I vgaliel@dod)wd]  SVHN — HOD  Ud-“ON-+¥ LEL
qs6 0°LS - - - T 31 dHL 87T o1qslyezi(@od)nd] zqDHN  SWYOD Yyd-d-+ 9¢/
qs6 0°¢S - - - T V1 AHL 87T °4qslqszr(@od)yd]l zqDHN  SIW0D Yd-a-+ S¢l
q6 895 - - - € EE dHL 87 91qsleczi(@OD)]  ZQDHN  dWYOD Ydd+v  ¥EL
qs6 006 - - - ¥I dHL 87T °4qslecot(@oD)yd] z9DHN  SWCOD Yd-d-+ 1394
qs6 0'96 - - - T VI dHL 87T vqdlezot(@oD)W]  z9DHN  SWCOD Yyd-a- L
q56 0S8 - - - T 31 dHL 87T °4qs(3s6(@od)ydl zqDHN  SIN°0D Yd-d-+ 574
qs6 s> - - - V1 AHL 87T °4qslpg6(@oD)]  zqDHN  SIWCOD yd-i- 0¢L
99 ¥S - - - - 11 dHL  87¢C °4qs[pg6(@oD)]  zqDHN  SWC0D Yd-d-+ 6L
qs6 ©> - - - T V1 AHL 87T °9qshge(@od)ydl  zqDHN  SNC0D yd-d-% 8TL
eG6 > - - - - VI dHL 87— °4qsbge(@od)ydl zqDHN  SINC0D Yyd-a-+ LTl
qs6 LS6 - - - ¥I dHL 87T °4qslase(@od)ud]l zgDHN  2IW‘OD Yd-d-+ 97L
99 L6 - - - - VI AHL  87¢ °4qslqge(@od)w]  zqDHN  SIWYOD Yd-d-¥ 944
qes6 079 - - - T 31 dHL 87T 24qsleg6(@OD)q]  zqDHN  SN?0D Yd-d-+ ¥l
8Tl (S) 66< 00l €8 66< 4! Y1 AHL 1 °1dley91(@oD)d]  SVHN 20D yd-d-% €TL
871 (S) 66 001 €8 66 41 31 dHL 1 °gdlegor(@od)yd]  OVHN 2WYOD Yyd-d-+ (444
o1 @ Tie 001 00¥ 00l  STO YARNE* (=R )74 She vadlzer(@od)uyd]  dVHN  2IWYOD Yyd-d-v %44
qs6 076 - - - T VI dHL 87T vgalepor(@OD)W]  OVHN  SIWCOD Yyd-a- 0ZL
q56 0°/8 - - - T 31 dHL 87T °4qs(yeor(@dod)yd]  OVHN 20D Yd-d-+ 61L
q56 > - - - VI dHL 87 °4qsPeoT(@oD)]  SVHN  SIWYOD Yd-d- 1L
qs6 011l - - - T VI dHL  87¢C °4qslpsor(@od)yd]  SVHN SW0D Yd-d-+ LIL
qs6 > - - - ¥I dHL 87T °4qspPeor(@dod)ydl  dVHN  2IWYOD Yd-d-+ 91L
qs6 S€L - - - T V1 dHL 87T °4qslqsor(@od)uyd]  SVHN  SW‘0D Yyd-a-+ SIL
qs6 796 - - - T 31 dHL 87T °4qslecot(@oD)yd]  SVHN  SW0D Yd-d-+ Y1L
qs6 8,6 - - - ¢ VI AHL 87T vgdalezor(@oD)W]  OVHN  SIWYOD yd-d- €IL
qs6 018 - - - ¥ dHL  87¢C °4qsluyge(@od)yd]l  SVHN  SIN°0D Yd-d-+ (492



(T:%°0:9

0ov0H
o1 (S)s6 o0 €€ 001 € I [HOSW/O'H S vaglzit(@od)yd]  SVHN  SIWCOD  Yd-O3N-¥ 99/,
8, (S) 986 SL6 911 88y  Tr0 g WDA 3 vgal3re(@od)ydl  SVHN  SIWY0D  Yd-OSW-+ S9L
8/ (S)896 001 0005 005 10 11 WDA L v1dl3ve6 EouE ] OSVHN SWOD Ud-O3W-¥  +9L
6/ (S)Ti8 001 €8 001 43 VI [oL 3 °4dlyse(@od)m] IVHN SIW0D UYd-OW-+ €92
(T () 796 6'66< 009 00T /910 ST HOSN I vadlie(@od)uydl  SVHN SWCOD Ud-OdW+  T9L
sg (s)zee  oo1 14 00T ¥ ¥I vdl I vqalse(@od)m]  OVHN  HOD Ud-OW-+ 192
01 (S)ze  oor~ - - - VI dHL L0°T °4qslqe11(@OD)yd]  SVHN SWYOD  Yd-Od-€ 09Z
= ot (S)oL 00T~ - - - 11 JHL L0'T %1qs[e6TL(@OD)]  SVHN SW°OD Yd-OSWE€  6SL
Dm 01 ) ov - - - - VI dHL L0°C °4qslqo1T(@oD)]  SVHN SIW‘OD  Ud-O°W-€ 8SL
o U1 @) oz - - - - 1 dHL L0'T °1qsleorr(@oD)ud]  SVHN 9W°0D Ud-OdW-€  LSL
s qs6 886 - - 4 VI dHL ~ 87¢ °4qs[386(@OD)]  SVHN 2WP0D Ud-OdW-€  9SL
g Q56 0'1C - - - e 11 dHL  87¢C °4qs86(@oD)yd]  SYHN SWPOD Ud-0dW-€  SSL
% qs6 896 - - - VI AHL 87T °1qslage(@oD)yd]  SVHN SWC0D Yd-OdN-€ ¥SL,
£ qs6 088 - - - Y1 dHL 87T oqqsleg6(@od)yd]l  IVHN SN0D  Yd-OPN-€ 1194
3 01 () z€6 001 - 00T 1-ST0 ST SU0}DY SeE vadlest(@od)yd]  dVHN  HP0D  Yd-OdN-€ (494
S qs6 1'€6 - - - e 11 dHL  8T¢ vaglepot(@oD)ydl  OVHN  HPOD UYd-OdW-€  TSL
T qs6 €68 - - - < VI dHL 87 °4qs[3eot(@od)wd]  SVHN  HYOD Ud-OdN-€ 0SZ
S q56 1T - - - VI dHL 87 °4qsfeeor(@od)ydl  SVHN  HYOD Yd-O3N-€ 6¥L
S Q56 4 - - - 1 dHL 87 °4qslpeon(@oD)wd]  SVHN  HPOD Ud-0dW-€  8¥L
m qs6 > - - - 11 dHL 87T °4qsPeor(@od)yd]l  SVHN  HYOD Yd-OdW-€ Lyl
S 456 vEL - - - £ 1 JHL 87T °4qslqgot(@od)yd]  SVHN  HOD Ud-0dW-€  9%L
« qs6 6'56 - - - 1L dHL 87 o4qslecot(@oD)w]  SVHN  HYOD Yd-OdW-€ Syl
S a'Ts6 0's - - - € 11 dHL 87 °4qslpg6(@oD)d]  OVHN ~ H'OD Ud-OdW€  ¥¥L
< aEs6 0°€S - - - g dHL 87 °9qs[86(@oD)yd]  SVHN  HYOD Ud-OdN-€ 374
5§ q'®s6 0'L6 - - - 11 dHL  87¢ °1qs[qg6(@od)ud]  SVHN  HPOD Yd-OdW-€  THL
<
DV
3 M Dbl [eq]
N swyy  dway 1udA[0S [*Hld d A A
—— (s)eoue sl ool vl
% -19)9y 99 ‘AUOD) 401 NOL suoljpuod amx_mamu ojelisqns ba:m

(panunuod) §°/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 957

956
q9s6
956
956
qs6
6L
6L
8C1
8Tl
ES6
956
qs6
956
q9s6
S8
8L
6L
(4%
LTl
LTl
LT1
LTl
L01
8L
49
LT
6L
87
L01

101

001
001
001
001

001
8’18
001
L'S6
€6
001
09
0C
001
001
001
6°66<
001
L6
001

001

€8
€8
€8
€8

€67
€8
818¢C
€01
T'TL
L9
(A4
00
0611
1¥6¢
009
€8

00

€€

001
001
66<
66<

00T
60
001
6Ly
981
00¢
0zl
oy

001
00S
00S
001
001
L6

001

001

€T

€C
€T
€C

€80

48
L1°0

8L

81

81

81
SC0
wo
LT°0
£91°0

48

T
SC0

.E
i
11
.
1
i
1
11
.
1
.
i
.
.
11
i
i
.
1
11
.
i

ST

11
11

S¢

11
11

S¢

11

dHL
JHL
JHL
dHL
JHL
dHL
[oL
JHL
JHL
JHL
dHL
JHL
dHL
JHL
vdl
WDa
JHL
WDa
[oL

[oL

[oL
HOW
QU0
WDa
WDa
HOSIN
JHL
vdl
QU001
(z:¢)
HOSIW/O*H

87T vadaleror(@od)u
87T 24qslecot(@od)y
87T 219s[p86(AoD)y
87T 249slqg6(aod)y
87T °4qs[eg6(aoD)y
€ 24qsluse(@od)y
3 °1dlYg6(a@on)y
I ogdley9r(a
I 24d[ego1(@oD
87T °4qslesot(ao
87T °49slps6(ao
87— °4qs86(a
8¢ °4qslage(a
87T 4qslese(a
I vadlse(a
L vaabre(a
°4qsluse(a
vadler6(ao
JLobvsi(ao
Jrolgyst(a
Jrolerst(@on
JLolerst(@od
vadlzer(@od
radlpre(aoD
vadaler6(@oD
vqdlre(@od
°4qslyg6(@oD
vqgleseT(@oD
€ vadlzet(@od

il

|

|

il

|

|

|
ouv |
)]
D)yl
D)yl
o)l
o)yl
oDyl
o)l
oDyl
o)yl
D)yl
D))
ouv |
)]
)l
)]
)]
)l
)]
)]
)]
)

wm
%ﬁMﬁ\dl\;ﬁmmmm\dm

|
q

S vaglz11(@od)uy]

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
ZdHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN

SVHN

SNC0D
SNC0D
ANOD
SN*0D
AN0OD
AN0OD
ANCOD

H®0D

H®0D

H®0D

H®0D

H®0D

H®0D

H®0D

H®0D
SNC0D
AN0OD
AN0D
ANCOD
AN0OD
ANCOD
AN0OD
SNC0D
ANCOD
AN0OD
SNC0D
AN0D
SNC0D
AN0D

SN‘0D

pydeN-z
IAyiydeNn-g
Kupyden-z
yydeN-g
[AypydeN-g
KpydeN-z
[AypydeN-g
KuydeN-z
IAyydeN-g
[AypydeN-g
uyydeN-g
[AypydeN-g
ApydeN-z
IAyiydeN-g
Kupyden-z
Yd-£4D-¥
Yd-$ID-v
Yd-=W-v
qd-=IN-¥
-y
qd->N-+
Yd-=IN-¥
qd-=W-+
qd-=N-+
qd-=W-v
Yd-aW-+
Yd-oN-€
4d-02N-+
qd-0eWN+¥

Ud-O°N-¥

964
S6L
Y6L
€6L
6L
164
06L
68L
88L
L8L
98L
S8L
V8L
€8L
8L
184
08L
6LL
8LL
LLL
9LL
SLL
YLL
€LL
CLL
LLL
0LL
69L
89L

L9L



958 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

q56 696 - - - € ¥ dHL 87T vgdl8ge(@od)ydl  dVHN SNYOD  Ud-t(EdD)-s€ LIS
q56 1'L6 - - - € VI dHL 87T °4qs[8g6(@od)ydl  SVHN SNYOD  Ud-“(EAD)-s€ 918
q56 S8 - - - € ¥I dHL 87T °9qslege(@od)ydl  SVHN SNYOD  Ud-(edD)-s€  SI8
qs6  (S) 196 00L  000¥  000L  SZ0 VI dHL 8T °4qslqge(@dgN)qd]  SVHN SNYOD  Ud-“(EdD)-s'€  +18
qs6 856 - - - € VI dHL 87T 24qs[qg6(@od)dl  dVHN SNY0D ﬁ (E4D)-¢* m €18
8/ (s)eo0g €6t 78 i1 SLT VI JAielel L vadalqre(@oD)yd]  OVHN SNYOD  Ud-(tdD)-s€ I8
8L (S)vse 00T  €4ZC 00§ 70 31 WDA L vadlye(@od)ydl  SVHN SNC0D d-PN-SC  T18
8, (s)eco 00T 06T  00S wo VI WDa L vggag6(@od)ydl  SVHN SAN0D dPINSE 018
q56 'S8 - - - € V1 dHL 87T °4qsiFcor(@od)nd]  SVHN SNCOD Ud-%-5‘c 608
q56 LT - - - € VI dHL 87T °4qsbeot(@oD)ydl  SVHN  SIWCOD Yd-d-s'c 808
q56 9 - - - € ¥ dHL 87T oqqslpsor(@od)ydl  SVHN 20D Yd-4d-s‘c  L08
q56 0°¢ - - - € ¥I dHL 87T °4qshbeot(@od)md]  SVHN  SIWYOD Yd-4d-s‘c 908
q56 0°¢L - - - €T VI dHL 87T °4qslqeor(@od)uyd]l  SvHN SN?0D Yd-4d-Sc  S08
qs6 ¥'86 - - - € 31 dHL 87T °4qs8ge(aod)md]  SVHN SANY0D Yyd-ed-s‘s  ¥08
qs6 0°£6 - - - €T VI IHL 87 °4qslqge(@od)md]  SVHN SNC0D yd-e4-s‘c €08
qs6 £'88 - - - €T ¥I dHL 87T °9qslege(@od)yd]l  dSvHN SNY0D Yyd-e4-s‘c 708
qes6 796 - - - VI dHL 87T °qqslesot(@od)yal  dVHN H?0D Yd-4a-s’c 108
871 (S)e6< 00T €8 66< 43 ¥ dHL 1 °gdley9r(@od)wd]  SVHN SAN?0D “wpydeN-z 008
871 (S)e6< 00T €8 66< a ¥ dHL 1 °gdlesor(@od)ydl  SVHN SANCOD KupydeN-z  66L

(z:€)
o1 (s) s6 00T €€ 00T € ¥1 HOSIW/OH S vaglzir(@od)ydl  SVHN SNCOD KpydeN-z  86L

(1:¥°0:9

0)ov0H
ot  (s) 96 00T €€ 001 € ¥1 [HOSIW/OH S vaglzrr(@od)uydl  SVHN SANC0D KwpydeN-z 6L

[l Dl [req]
awiy -dway wanps  [PHld A ] R
(s)ooua [%] loel [yl

.‘_w.u—ww_ 299 ‘AUO) 401 NOL m:O_u_v:OU _—mx_m«mu w_—m._“—wn:w x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 959

qd

Q16 (S) 146 0S 05 0S  ;£90°0 T HON I vadpse(@od)ydl  zgHN H?0D -OH-+0N€ 8
ud
q16  (5) 6'96 0s 0SZ 0S  (4£900 T HOWN I vadlese(@od)ud]  zgHN H°OD -OH+-OdW-€ €48
HO'H*D
q16  (5) 6°68 0S 929 0S  (ETo 94 HON I ryabrel@od)yy]  zdHN 0D Yd-UOMW)E  Th8
HO'H®D

Q16 (S) €8 0S 00¢ 0S  (LT0 T HOW I vaglese(@od)ud]  zgHN 0D Yd-UOMW)E 148
qi6  (s) Lz6 0S 12 0S  (4€C0 94 HOW I vadbze(@od)udl  zdHN  1d-°0D  Yd-Y(OM)vE 048
Q16 (S) 1°68 0S 0ST 0S (€0 T HOW I vadlese(@od)yd]l  zgHN  1d1°0D  Yd-HOdN)¥€  6€8
Q16 (S) L¥6 0S €L7 0S (810 T HOWN I vadbse(@od)yd]  SVHN 140D Ud-UOdN)E  8€8
Q16 (S) €16 0S 9¢1 0S  (L£0 T HONW I vadlez6(@od)yd]  SVHN  1d-°0D  Yd-Y(0dW)-¥€  L€8
q16  ($) §°06 0s 923 0S  (E€To 94 HOWN I vadbre(@od)udl  zgHN 0D ud-0aM)+e 9¢8
q16  (S) 6'88 0S 00¢ 0S  4L10 T HON I vadlese(@od)ud]  zgHN 0D Ud-0dW)bE  S€8
q16  ($) Ts6 0S 009 0S (€800 T HOW I vagbre(@od)udl  SVHN 10D Ud-40M)+e  pe8
q16  ($) 9°06 0s 923 0S  (ET0 T HOWN I vadlese(@od)ud]  dYHN HY0D  ud-40aN)+e €8
Q16 (S) 16 0S 67 0S 210 94 HOW I vagbze(@od)wdl  zgHN  AWY0D  Ud-HOM)vE  Te8
q16  (S) L8 0S 943 0S (€10 4 HO?IW I vadlese(@oD)udl  ZEHN  2WCOD  Yd-H(OPW)-¥E€  1€8
Q16 (5) L's6 0s 0ST 0S 4C0 Y4 HO’IW I vadbse(@od)ydl  SVHN  9WCOD é YUON)-+* m 0€8
Q16 (S) ¥'z6 0S 9¢T 0S  (LEO T HOW I vaglese(@oD)udl  OYHN  2WPOD  Yd-H(OPW)bE 678
q16  (s) 026 0S 0SL 0S  ;£90°0 4 HO?W I vadbse(aod)ydl  zgHN H?0D Ud-“(0°W)-+'¢ 88
Q16 (S) 1's6 0S 009 0S (€800 T HOW I vadles6(@od)yy]  zaHN H®0D a (0am)-+ m LT8
q16  (S) 8¥6 0s 009 0S (€800 T HOWN I vadpse(@od)udl  SVHN H?0D ud-“(0aW)-+'¢ 978
Q16 (S) 96 0S 00S 0S 610 94 HOW 1 vadles6(@od)yd]  SVHN H®0D A W)€ S8
Q56 6'¢8 - - - 4 11 dHL 87  °dqslyeor(@od)uy] SVHN  PWYOD  yd-c(faD)-S'c 8
Q56 > - - - €T 11 dHL 87—t  °dqsbeor(@on)ud] SVHN  SWFOD  Ud-C(fdD)-S'e €8
156 > - - - €T 11 dHL  87¢ 21qslpeot(@oD)yd]  SYHN  9WCOD ﬁ “(faD)-s'¢ T8
956 (43 - - - €T 11 dHL 87—t  °dqsbeor(@od)ud] SVHN  SWFOD  Ud-C(fdD)-S'e 18
Q56 6'LL - - - €C 11 dHL  87-C  °4qslqeot(@od)yd] SVHN 20D i “(taD)-s'c 028
956 ¥'L6 - - - € 11 dHL 87t  °dqslecor(@od)yd] SVHN  PWYOD  Ud-“(fdD)-S‘c 618
Q56 L'€6 - - - €T 11 dHL 8T¢ riglezor(@oD)ydl  OYHN  dWCOD  Ud-¥(fdD)-s€ 818



960 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

01 () T¥6 00T 00¥—00T 00T 1-5C°0 ST QUORIY  G¥E vadlzer(@od)uy] SYHN H?0D Yd-(O*HDO)+'¢ 898
Q16 () s06  0S 009 0S ;€800 94 HOPW 1 vadbre(aod)udl zgHN 10D YdOV4OdNE  L98
9z (S)e8 oS €5¢ 0S  (¥10 194 HOW I vaglege(@oD)ud] SVHN 0D UYdOVH-O0dN-E 998
Q16 (S) €16 08 0SL 0S (900 94 HOW 1 vadbse(aod)yd] zgHN SNCOD  YdOdV-+-0dN-€  §98
Q16 (S) T8 oS 009 0S (€800 94 HOW I vadleze(aod)ud] zaHN SN’0D  UdOdV-4-0N-€ 498
9z ()16 0S (339 0S (ST 194 HON 1 vadlege(@oD)wd] SYHN SN0D  UdOdV--03N-€ €98
Q16 (§) 96 0S 0001 0S (500 94 HOW 1 vadb6(@od)uy] SYHN SNC0D  YdOdV-H-0N-€ 798
Q16 (S)+v'ze oS 009 0S (€800 94 HOW 1T *qglez6(aod)ud] SVHN SN®0D  UdOXV-+09N-€ 198
o1 (s)s9 oot 001 001 13 94 dHL I vadlszr(aod)uyl SVHN H0D YdOdV-#-0dN-€ 098
o1 (@) o9g oot 001 001 I 94 dHL I vaglyzi(aod)ud] SVHN H0D YdOdV-+0dN-€ 658
8¢ (s)ose oot 4 001 T 11 vdl 1 r4gls6(@on)uy] SVHN H?0D UdPVO-+-0dN-€ 858
Q6 (§)zse oS €€e 0S  (ST0 4 HOW 1 vadb6(@od)nd] SYHN H0D YdOdV-+-0dN-€ LS8
Q16 (5) 096 0 00€ 0S  (L10 94 HON I radles6(@od)ud] SYHN HY0D UJdOX-+O03N-€ 958
9z (Sl oS $79 0S (4800 194 HOW 1 vadles6(aod)yd] SYHN H®OD YdOdV-+-02W-€  SS8
9z ()6 oS 92§ 0S (5600 194 HOW 1 vaglege(@oD)ud] SVHN HOD UJdOX-+O0N-€  +58
Q16 (S) o6 0S 0S¢ 0s  ¢C0 94 HOW 1 vadbs6(aod)yd] zgHN HO'HYD®0D Ud-OH+O09W-€ €58
Q16 (S)+'88 0§ 831 0S  (4LTO 94 HOW I vadles6(@oD)ud] zdHN HO'H®D’0OD  Ud-OH-+-O2N-¢ S8
Q16 (S) §s6 0S 6T 0S  (4T10 94 HON I radbz6(aod)wd] SVHN HO'H®D?0D  Ud-OH-+09WN-€ 158
Q6 (§) 216 0§ 534 0S  (CT0 94 HOW 1 vadles6(@oD)yd] SVHN HOYH?DOD  Yd-OH-+-OW-€ 0S8
Q16 (S)1T6 08 00S 0S ¢T0 94 HOW I r1abL6(@od)uy] zaHN SNOD  UJd-OH-+-0N-€  6V8
Q16 (s) 068  0S €LT 0S (810 94 HOPW 1 vadles6(aod)ud] zdHN SINFOD  Ud-OH+-OPNE  8Y8
o1 () zoe 001 00¥ 001 STO ST PUORY S vaglzer(@od)uyy] SYHN SN®OD  Ud-OH+-0dW-€  [+8
Q16 (S)0's6  0S 009 0S ;€800 94 HOW 1 raabL6(@oDd)wdl dSVHN SNCOD  Yd-OH+H-0 W€  9¥8
Q6 (§) 16 0§ 0S¢ 0S 40 94 HOW 1 vadles6(aod)yy] SYHN SNYOD  Ud-OH-H-02W-€  §¥8
Ml Dl [req]
awiy  dway wanps  [°HId d A R
(s)ooua 74 I O3 [,-ul
-19)9y 99 ‘AU0) 401 NOL suoljipuo) umx_wuwu ajelisqns x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 961

NSO O
DN DN DN DN DN 00 00

qeS6
956
956
956
86
86
86
86
8¢l
8¢l
956
956
q956
956

£01
Lt

TL6
956
S8

(S) 08
(s) 9z
(S) 96
(S) <8
(S) 1706
(S) 6€9
) L6
(S) zv6
) €6
(1) 6+6

001
001
001
001
001
001
001

89
98
001
001
001
001

8T
16
001
001
001
001
6°66<
001
001
6'66<

YA
YA
€8
€8
€8
€8
€8

€C
6T
€€
€€
6'L
6'L

0¢
€€
€€

1¥6¢
009
€8
001
009

SC

4

001
001
001
001
001

89
98
001
001
S6
S6

8T

16

001
001
001
00S
001
001
001
001

£91°0
45

S0

£L9T°0

0s
0S

.E
1
1
11
1
71
1
1
1
1
11
1
71
1
1
11
1
71
1
1
1
1
1
1
1

4

11

SC
4

HOM
HOM
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
dHL
VdI
NDd
HOSN
dHL
U0}y

HOSN

S'S
§'S

8T
8T
8T
8T
8'C
8'C
8'C
8T

8T
8T
8T
8¢
8'C
8'C
8'C
8T

69

Sye

1

DI8¢6(Puatus>-d)ny]
Dleg6(ousuto-dny]
24qslie6(@oDn)ml
24qslre6(@od)uil

(
°4qsluse(a
°4qsl3¢6(ao
°4qslese(a

4qsleco1(ao
°4qs[8g6(ao
°4qslage(a
°4qsleg6(ao

°4qslqstt(a
4qslest1(@o
v1dlqse(ao
vgdleg6(ao
°1d[ey91(do
24dlesot(a
°4qsleco1(ao
°4qsl8ge(a
21qslq86(ao
°4qsleg6(ao
°4qslqstil(a
4qslest1(@o
vadlqse(a
vadleg6(@o
vqdls6(ao
vqdlere(a
vadlt6(ao
°4qsluge(a
vadlzst(@o
vqdlt6(@o

felo)l’kll
D)yl
oDyl
D)yl
D)yl
felo)l’kl|
D)yl
felo)l’kl|
D)yl
D)l
D)yl
D)yl
felo)l’kll
D)yl
felo)l’kl|
D)yl
D)yl
felo)l’kl|
D)yl
felo)l’kl|
D)l
D)l
oDyl
D)yl
felo)l’kl|
D)yl
D)l

SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
SVHN
SVHN
SVHN
SVHN
OVHN
SVHN
SVHN
OVHN
SVHN
ZdHN
SVHN
SVHN
SVHN
SVHN

yd

Ud

yd

yd

Ud

ud

Ud
AN0OD
AN0D
SN0D
SNC0D
H0D
H“0D
H®0D
H“0D
SN*0D
SAN0D
AN0D
SN0D
AN0OD
AN0D
H®0D
H“0D
H®0D
H“0D
H®0D
SN0D
SNC0D
AN0D

[&-¢-uaydoryy,
[&-¢-usydory,
[4-¢-usydory
[4-¢-uaydoryy,
[4-¢-usydory,
£-¢-uaydory L,
[4-¢-usydory,
[4-¢-uaydory 1,
[&-z-uaydoryy,
[4-z-usydory
[4-g-uaydoryy,
[4-z-usydory,
[4-g-uaydory 1,
[4-z-usydory,
[4-z-usydory
[&-z-uaydoryy,
[4-z-usydory,
[4-g-uaydoryy,
[4-z-usydory,
[Amy-g
[Amg-g
qd-yd-y

SN?0D  Ud-(0YHDO)-¥'€
SN‘0D  Ud-(0*HDO)-¥'€

668
868
L68
968
568
68
€68
768
168
068
688
888
L88
988
688
788
€88
88
188
088
6L8
8.8
LL8
9L8
S8
VL8
€L8
8
148
048
698



962 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

1:C

psit () s¥ 0L L1T 0z 9 ov HOPN:[OL S vagalezyr(@od)ydl  HOD*HD H®0D H 816
1:¢C
pLIt () o 0S €9 0S 8 ST HOSW:WDA I vqdlezyr(@od)i]  HYODHD H‘0D H /16
1:¢C
pLIT () ¥S 001 ST 001 ¥ 0 HOSW:WDA 1 vqdalezyr(@od)a]  HYODHD H‘0D H 916
1:¢C
pLIT () ¥€ 0z 8'S 0L a ST HOPW:WDA S vqgalezyr(@od)i]  HYODHD H?0D H <I6
1:¢C
pLIT (M) s¢ 001 ST 00T 4 0¥ HOSN:WDA S vgdalezyi(@od)i]  HYODHD H‘0D H ¥16
08 (s) 86 001  ST1 54 0T 0S HO¥  §S  DleePuswi>-dny] SVHN Yyd-d+ ¥OD €16
08 (S) <6 00l  STT Y4 0 0S HO¥M  §S  Dleeleusws>-dny] SVHN yd-o+ 10D TI6
08 (s) 6 001  ST1T 54 0T 0S HOM ¢S Dlgelousws>-dny] SVHN yd-ad-+  |0D 116
08 (S) 66 00T  STT 54 (174 0S HO¥M  §S  Dleeeuswi>-dny] SVHN Yd-d+ SW0D 016
08 (S) L6 00T  STT 44 (174 0S HOMW ¢S Dlgelousmso>-dny] SVHN Yd-D¥ SW0D 606
08 (S) L6 001  ST1 54 0z 0S HO¥M  §S  [DleePuswmi>-dny] SVHN Yyd-ag-v SN0D 806
08 (S) 66 00T  STT ST 0z 0S HO¥W S  Dlgeusmid>-dny] SVYHN  Ud=W-+ SW0D  L06
08 (s) 96 001 ST 54 0T 0S HOMW ¢S Dligelusws>-dny] SYHN  Yd-=N-T 20D 906
08 (S) 66 00l  ST1 Y4 0z 0S HO¥M  §S  Dleeeusws>-dny] SVYHN UYd-O3WN-+ 9W‘OD  S06
08 (S) 08 00T  STT ST (174 0S HOMW ¢S Dlgelousmso>-dny] SYHN Ud-OdW-T 9W°0D  ¥06
08 (S) 86 00l  STT Y4 0 0S HO¥M  §S  Dlgeeuswi>-dny] SVHN yd ¥°0D €06
08 (S) L6 00T  STT ST 0z 0S HO¥W S DllgePusmid>-dny] SVHN yd SNOD 706
08 (S) 66 001 ST 54 0T 0S HO¥M  §S  [DleePuswi>-dny] SVHN yd SN‘0D 106
08 (S) 86 00l  STT Y4 0z 0S HO¥M  §S  [Dlyseeusws>-dny] SVHN Ud SW°0D 006
[ul . [1eq]
swiy  dway wanps  [HId d A R
(s)ooue [%l] [%] [,-ul
.._w.www_ 299 ‘AU0) 401 NOL m:O__—_v:OU um>_NuNU wuw‘_umn_zm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 963

[*N)
O

2L11

L11

11

dL11

dLTL

dLTT

PLI1

PLI1

PLI1

PLIL

PLIL

PLI1

PLI1

PLI1

PLIL

001 0S
001 S
Ly ¥'C
001 S
001 L91
001 S
001 L91
0T 1
144 Le
001 S
66 S91
0L 8'8
L8 8'1¢
89 LS
001 S¢
€1 (a4

0001

001

Ly

001

001

001

001

0t

144

001

66

0L

L8

89

001

€1

0T

0t

0T

0t

0T

0t

[4)

0t

45

Sr—0¥

oy

oy

o

(U4

o

0¥

oy

S¢

(U4

0o

Y4

oy

S¢

(U4

(U4

Z0D3s

1:C

HOS 0L
1:C
HOSIN:INDd
1:C

HO°IW oL
1:C
HORIN:INDd
1:C

HO°IW oL
1:C
HOSIW:INDA
1:C

HOS 0L
1:C
HOIN:INDd
1:C
HORIN:INDd
1:C

HO°IW oL
1:C
HO°IW:INDA
1:C
HOSIW:INDd
1:C
HOSIN:INDd
1:C
HORIN:INDd
1:C
HO°IW:INDA

Sr0¢

dyvdlzg(@od)yl
vagaber1(aod)uy]
raabeyt(aod)]
radlqert(aod)udl
*4glqerr(aon)l
vadleer1(@oD)uy]
*qgleeyr(aoD)l
vadabey1(aod)uy]
radbey1(aod)i]
radbeyi(aod)i]
*4dlqerr(aon)y]
radlqeyi(aon)l
radlqeyi(aon)l
radlqeyi(aon)l
radlqeyi(aon)l

vaglezr1(@od)uy]

SNYOD*HD
HYODHD
HYOD*HD
HYOD®HD
HYOD®HD
H®OD*HD
H®OD*HD
HYODHD
HY0D*HD
HYOD®HD
HYOD®HD
H®OD*HD
H®OD*HD
HYODHD
HYOD*HD

H®OD*HD

SNC0D
H0D
H%0D
H®0D
H®0D
H®0D
H®0D
H0D
H0D
H®0D
H®0D
H®0D
H®0D
H®0D
H®0D

H‘0D

€6

£€6

(439

1€6

0€6

626

876

LT6

976

ST6

26

€76

(449

126

0z6

616



964 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

vaglozt

01 ) ¥ 001 0ScI 001 800 11 DA I Ju(qod)ud]  SWFODPHD ANC0D H ¢€S6
N93 70+
06 (s) gz 001 L91 0S €0 ST HOM 1 roplrrr(@od)ydl  SWoD HD SNC0D H 756
N9F 10+
06 (S) 18 001 00S 0S 1°0 ST HOM I YoITIH(@od)yd]  SWFODHD SN?0D H 1%
06 (S) s 001 001 0S S0 0 HOM 1 roplrr(aod)ydl 20D HD SN?0D H 0S6
06 (S) 1€ 001 91 0S €0 ST HOM I YOITII@oD)yd]  SWCODHD SAN0OD H 6v6
06 () €€ 001 0S 0S 1 0 HOM 1 roplrrr(@aod)ydl  SWCoD HD SNY0D H 86
06 () s¥ 001 001 0S S0 ST HOM 1 YOITITI(@oD)Wd]  SWCODHD SN0D H /¥6
N84T 70+
06 () 91 001 001 0S S0 ST HOM 1 roles6(@od)n]  SWCODCHD SNC0D H 946
N9d 10+
06 () 6t 001 001 0S S0 ST HOM 1 roles6(@od)]  SWCODCHD SINCOD H S¥6
8, () 6¢6 001 0611 005 wo VI WDa I vada(3re(@od)uyd]l  SIWCODTHD SN?0D H 6
8, () zze 001 ¥709 00S €800 VI WDa 0T radl3ve(@dod)ud]  SN‘ODHD SNCOD H €6
8, () s16 001 ceee 00S ST'0 11 DA 0t vgaere(ao Em_ SN*OD*HD SANYOD H 6
8/ () 568 001 9Ty 00§ o VI WDa 0z vqalpre(@od)ydl  SWCODHD SAN0OD H 1+6
g8, (et 00T SIST 00S €€°0 11 DA 0z vadPre(aod)u _ SNCODTHD ANC0D H 06
8/ () o1s  £/8 €67 334 ST 11 WDa 0t vadalqre(@od)ydl  SWCOD HD SNOD H 656
8/ (¥) 608 €8 S/t (4574 ST 11 DA 0T rqdl3e6(@od)y _ SNCODHD ANCOD H 8¢
8/ () 9759 001 000T 00S S0 31 DA 0z vqdalpes(@oDd)yal  SWCOD HD SNOD H /£6
8/ () 018 001 16T 00S LT0 VI WDa 0T v1dlqg6(aod)y _ SNYOD*HD SNC0D H 956
g, () ¢18 00T 98/1 005 870 V1 DA 0z vadlece(@od)nal  SNCODHD ANC0D H $¢6
[ul . [req]
swiy  dway wans  [PHld d .| R
(s)ooua [%] [%] [,-ul
.._w.www_ 299 ‘AU0) 401 NOL m:O_u__u:OU _—mx_m_—mU wuw‘_umn_zm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 965

qLIT
qQLIT
qQLIT
qLIT
qQLIT
BLIT
qQLIT
qQLIT
601
601
601
(41"
(48!
601
601
01
01
701
01
SOt

SOt
SOT
SOt

SOt
SOT
SOT
SOt
SOT
SOt

001
66

06
91
06
8T

001
001
001
001
001
001
001
66

001
001

001

001
001
001

001
001
001
001
001
001

vl

€11

€11

G'¢

ST
008
69C
001
788S

000T

0S
001
9¢tC
9°¢
0zl
¥°0
0S¢t

001
(U4
0sz1

08

0S¢t
(U4
0scl
(U4
(U4

001
66

06
91
06
8¢
[4)
0001
08¢S
000C
0001
0001
0001
000C
66
001
001

001

00T
001
001

001
001
001
001
001
001

L1°0
S0
0C
0T
wo
14
€80

80°0

80°0
80°0

ST
80°0
80°0
80°0
80°0
80°0

ST
4
S¢
Y4
S¢
Y4
N4
S¢

11
11
11

€C
€C

1
‘31

Y4
S¢
Y4
N4

‘31

11
11
11

.Z
1
1
1
1
1

DA
dHL

HOYV

WDd
[oL
WDd
WNDd
DA
WNDd
NDd
WDd
NDd
WDd
WDad
DA
WDa
DA
DA
NDd
WDd
el

WD /?uo00y

WDd
NDd
[433¢

WD /2u030y

DA
WDd
WNDd
WDd
WDad

wmwmwmw;mwn wm

S
€1
€1
€1

0T
0T

€1
€1
1

— o

—

— o

vadlery1
vadleryr
vadlery1
vadlepy1
vadlery1
vadlepy1
vaglesyt

v1d(8€T
vadl(8€e1
vadlgeT
vadlqzet
vadleset
vadlogt
vadloct

(@oo)u
(@od)y
(@oo)ya
(@oo)ya
(@oo)y
(@oo)ya
(@oo)y
vaglezr1(@od)y
(@od)y
(@oo)y
(@oo)yy
(@oo)y
(@oo)ya
(@od)y
(@oo)u

Al
_

_
_
]
¥
_

_
_

Al

QmKN:oouEm_
vadlzzr(@on)l
vagloz(aod)ud]
vqdloz1(aon)l
vaarzi(aod) vl

vadlpzzi(@aod)vul
vadlpzzi(@dod)wyl
vgaprzi(aod)yl

vadlqzzi(ao
vaglqezi(a
vaglezzi(@o
vggalprei(ao
vqdalqrei(ao
vaglerzr(ao

D)l
oDyl
D)yl
D)yl
D)yl
D)l

ANYODHD
SNCODHD
ANYODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD

SNCODHD
ANYODHD
SNCODHD

SNCODHD
SNCODHD
ANYODHD
SN*OD*HD
SNCODHD
SNCODHD

SNC0D
SNC0D
AN¢0D
SNC0D
ANOD
AN0D
ANCOD
AN0OD
ANCOD
IN0D
SNC0D
AN0OD
SNC0D
SNC0D
AN¢0D
SNC0D
ANC0D
AN0D
INC0OD
AN0OD

SN0D
SN 0D
SN0D

SNC0D
ANOD
SNC0D
ANC0OD
AN0D
SNC0D

ITITITTITTIITZTTZIZIITITTZIITITTIT

I T T

ITTTTTT

786
186
086
6.6
8.6
LL6
9L6
SL6
¥L6
€L6
L6
16
0L6
696
896
£96
996
596
+96
€96

796
196
096

656
856
LS6
956
SS6
56



91T (S) 6'8¢ YL Lg oL 0T 0T WDA €0 rddlperi(@od)wd] SWCODHD  ANFOD H 9001
911 () S¥6 66< 0S 000T 0z 14 WDA €0 ('ddPerI(@od)ydl eWODPHD ANC0D H So00tl
911 () 796 66< 0S 0001 0tz 01~ WDa €0 vgaPer1(@od)ud]  SINCODTHD SN?0D H +001
911 (S) 848 66< 0S 0001 0 0z WDA €0 'd4lqerT(@od)ydl  eWCODHD SNC0D H €001
911 (S) 01T 59 91 (443 0tz 0tz WDa €0 vadleeyr(@od)ydl  SWCODTHD SN?OD H 7001
qesir ()Lt 69 98 69 8 ST DA S vadlpovT(@od)pdl  SNCODPHD SANOD H 1001
qe/it )6t €L 16 €/ 8 Y4 WDA S vy T(@oD)W]  SWCODCHD ANCOD H 0001
qesIr () €9 08 01 08 8 ST DA S v1d[qorT(@oD)d]  SWCODHD SNOD H 666
qestr () L9 [8 601 (8 8 ST DA S vadleoyr(@oDd)ydl  SWCODHD SANC0D H 866
qesir ()¢ 00T STI 001 8 ST DA S vagPsyT(@od)ndl  SNCODPHD SN0D H 66
qesit M)z 8 €Tl 86 8 ST WDa S vaglqsyi(@od)ud]  SWCODCHD SNC0D H 966
qe/ir ®e 00T ST 00T 8 Y4 DA S vaglesyr(@od)ydl  SWFODHD ANC0D H S66
qur () ze 001 STI 001 8 ST DA S vadBry1(@oD)yd]  SIWCODHD SN?0D H +66
qzit (S) 06 00T STI 001 8 ST WDA S vaal3rvr(@od)pd]  SWCODCHD SANY0D H €66
qur () es 9% 8¢ 9% 8 ST DA S vaaPryI(@od)wd]  SWCODCHD SN?OD H 766
e/1T (4) s 9% 8¢ 9% 8 ST WDa S vqdPrri(@od)md]  SWC0DHD SNC0D H 166
qe/tr  (S)os 0S €9 0S 8 ST WDa S vadalpryI(@od)ydl  SNCODPHD SNC0D H 066
q/ir () 66< 001 0SZ 0001 ¥ S DA o rddbvyi(@od)ydl  SWCODHD SANOD H 686
qesit - ) L6 00T £91 00T 9 Y4 DA S ragabry(@od)n]  SWCODCHD ANC0D H 886
qe/tr  (¥) <8 8 €0l (4] 8 ST DA S vagalapri(@od)uyd]l  SIWCOD*HD SNOD H /86
qzir - (1) 06 06 €11 06 8 Y4 DA S vadleryr(@od)ydl  SWCODHD SN0D H 986
qur ()16 001 Sz 001 80 ST DA o vddlervi(@od)ydl  SWEODTHD SNOD H $86
qzir - (1) 06 06 0¢ 06 € ST WDa o1 *4dleyri(@dod)uydl SWFODPHD SNC0D H +86
qzir () o6 99 ¢§ 99 8 Y4 DA 4 vadlepyr(@od)ydl  SWFODHD ANC0D H €86
[ul . [req]
swiy  dway wans  [PHld d .| R

(s)ooua [%] [%] [,-ul

.._w.www_ 299 ‘AU0) 401 NOL m:O_u__u:OU _—mx_m_—mU wuw‘_umn_zm x.__—:w

966 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 967

€01

06
06

18

€89

qvel
qvel
qvel
qQyel
qvel
qvel
0zl
ozl
(48
0zl
(748
0zl
811
811
8L1
811
911
911
911
911

001

08

6T
6T
L91y
S9L1
'6C
6T
€79
00
ceel
£99
18§
00t
00
€0¢
€0¢
00S
0S

0s
0S

001

0s
0S

00S
00S
00001
000¢
00S
00S
0081
0001
000¢
0001
0981
0001
001
001
001
001
0001
09
0001
0001

144

144

L1
L1
T
L1
L1
L1
8'C
ST
Sl
ST
e
ST
SC0
€'e
€'e
0
0C
0C
0C
0C

S¢

ST
S¢

09

0S

0S
11
1
11
1
e
11
[44
[44
[44
[44
[44
[44
S¢
S¢
S¢
S¢
0C
0c
01—
0C

dHL

HO¥
HO¥

L1=

HO¥ - HUd

WNDd
WDd
WDad
NDd
WDa
DA
DA
NDd
WDd
WDd
DA
WDd
NDd
DA
WDa
DA
WDd
WNDd
WDd
WDad

1

1

L0t

0S

0S

'y
'y
'y
'S
'y
'y
€1
(38
€1
€1
€1
€1

1

1

1

1
€0
€0
€0
€0

vagalyzr(@od)yyl
N9 10

+Yoles6(@od) ]

vo1oles6(aod)udl

Dlgs(@od)wyl
Dlog-suvy

-p(outpexay-¢ 1) Y]

Dlsg-suvis-(+)
(susrpExay-¢“T)1y]
vqd[9s1(aoD)yd]
vadlqost(aoDd)wyl
vagle9st il
vqd[eostT m_
vad[e9st
vagsst
vaglest
vaglest
vadlest
vadlest

(

(ao

(ao

(ao

(ao _

(ao

(ao

(ao

(ao
vagalist(ao

(ao

(ao

(ao

(ao

(ao

(ao

1(@ao

(ao

(ao

_

_
_
vaglist
v14lpost
vgaPost
v14lqost
vqd[eost
v44[86v1
vadlyert
vad[e6r1
vadleerL

_
Al
Al

_

V
v
oy
o)L}
Oy
o)L}
Dy
o)L}
o)L}
oy
o)L}
v
V
o)L}
oy
o)L} _
oy

v

o)’}
o))
o)l’)
o)l’)

m_

Ud

Ud
ud

ud
ud

ud
SNCODHD
ANYODHD
SNCODHD
ANYODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD
SNCODHD
ANYODHD
SNCODHD
ANYODHD
SNCODHD

H‘0D

H®0D
H?0D

H‘0D
H‘0D

H0D
AN¢0D
SNC0D
SNC0D
ANC0OD
SNC0D
ANC0OD
AN0D
INC0OD
ANOD
ANC0OD
ANC0OD
SNC0D
ANC0OD
AN0OD
SNC0D
ANOD
SNC0D
ANC0OD
AN0D
SNC0D

T

jusjeniianiile e niie e e niia e e oiija jianjanjanjaniila e fia nianiien

[430) 8

1¢€01
0€0T

6¢01

8701

L2701
9701
SC0T
201
€01
[440) 8
1201
0201
6101
8101
L101
9101
SI0T
Y101
€101
101
1101
0101
6001
8001
£00T



968 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

N9 T°0+

06 (s)zt  oo1 4 0S ¥ ST HOM 1 roplesel@od)ydl s\ yd H?0D  1S0T
06 (s)s 001 4 0S ¥T ST HOM 1 roplesel@odyd]l s\ yd H?OD  0S0T
N9 T°0+
06 (S)s 00T 4 0S ¥ ST HOM 1 roplesel@od)yd]l  ud SN H?0D  6%01
06 (S)s 001 4 0S ¥ (4 HOM 1 *oplesel@aod)ydl ud N H®0D  8¥01
€0r  (S)8y 00T 00 001 I ST dAH.L 1 ‘tadlszr(@od)yd]l SW HYOD ud [0l
01 () 12 00T ¥ 001 ¥ 09 I:I=HOM:HuUd %0z  Dyzi(@od)yd] =W HYOD yd 901
cor @ +vs 001 00T 001 I 94 dHL 1 vddlyzi(@od)ydl SN HYOD yd Svo1
18 €vT (00T - 08 ¥T 09 L:T=HOM'HYd  £0T DIgg(@od)uydl s HOD ud 901
€01 (S)or o001 o001 001 I 54 dH.L 1 vddlszr(@od)ydl  ud SNC0D H €901
€01 0 001 ¢ 001 8 001 1:T=HO¥:HUd 89  Dlrzi(@od)y] ud SWCoD H 70l
€01 @)z o001 o001 001 I ST dH.L 1 vddlvzr(@od)ydl  uyd SWCoD H 1¥01
9z (S)+9 q00T - T HO N 0s *ddlegsl@od)yd]  yd SWC0D H 0v01
9z ()% 05 9 0S 46 194 HO N 1 tddlege(@od)ydl ud SWCOD H  6£01
I8 0T ® - 08 34 00T  T:1=HO¥:Hud 69 pIsg(@od)al  uyd SWeoDd H 8¢01
[Dlog-suv.-p(auarp
€89  .(S) o - - - - 0S - 0S BRU-ST)R]  yd SWCOD H L£0T
«(s) [Dlsg-suni-(+)
€g9 S - - - - 0S - 0S (Quorpexoy-¢‘1)y]  Yd SWCOD H 9¢01
¥IT 01T 06< - - z 11 3U0}DY 1 vadlsyr(@od)ydl 44  HCOD H S£01
¢0r  (S)Zt 00l 00T 001 I ST dH.L 1 vddlszr(@od)yd]l  ud  HCOD H ¥£01
01 () 17 00T ¥ 001 ¥T 09 1:1=HO¥ HYd yoz  Dlyzil@od)yd]l uya HYOD H ¢£01
[yl b.] [1eq]
swil  dway wonps  [tHld ] A R
(s)ooua 74 I 74 I
J_w.*wm 99 ‘AUO) 401 NOL m:O_u__u:OU _—mx_m«mU w«m‘_umnsm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 969

q16
q16
q16
q16

q16
q16
q16
q16
q16
q16
q16
q16
q16
q16
q16
q16
901
901
901
901
06
06
18
18
€01
18

(s) zs6
(s) 916
(s) 86
(S) £96

0S
0S
0S
0S

N N O R

1333
0001
S79
00S

0001
00S
0001
£991
0001
00S
0001
00S
0001
00S
Y1L
£991

0S
0S
0S
0S

0S
0S
0S
0S
0S
08
0S
0S
0S
0S
0S
0S
0r1

001
001
0S
0S
08
08
001
08

ST°0
S0°0
80°0

10

S0°0
10
S0°0
€00
S0°0
10
S0°0
10
S0°0
1o
£0°0
€00
ST

L1
L1
144
144
8y
14
8y
8y

S¢
St
4
S¢

St
4
N4
SC
4
S¢
14
S¢
SC
St
S¢
4

11

SL
SL

11

4
S¢
001
09
001
001

HOSIN
HO°N
HOPIN
HOSIN

HOSIN

HOSIN

HOPIN

HOSN

HOSIN

HOSIN

HOSN

HOPIN

HOSN

HOPIN

HO°IN

HOPIN

HOSIN

HYd

HYd

HOSIN

HO¥

HO¥
1:1=HO¥ - Hud
1:1=HO¥ HUd
1:1=HO¥‘HUd
1:1=HO¥ - HUd

— o

— o e e e e e e e e o

0S
9s
98

—

L0t
L0t

L0t

vagbzel@od)uyd]l  ew H fH°D-02V-#-03-€
vadaleze(@od)yd]l S H fH°D-02V-#-0-€
vagbzel@od)uyd]l  em H fH*D>Y0N)¥'¢
vgdaleze(@od)qd]l S H  fH*DU0N)'€
vaabzel@od)yd]l  ud SN ud
vadaleze(@od)wd]  ud SN yd
vagabzel@od)yd]l  ud H ud
vaaleze(@od)wd]  ud H yd
vaabzel@od)ud]l  SwW ¥ ud
vaglesz6(@od)wdl  °W | ud
vaabzel@od)ud]l S ¥ Ud
vaglese(@od)wd]l oW ik ud
vaabzel@od)uyd]l S SN yd
vaglese(@dod)yd]l oW SN ud
vgabzel@od)ydl S H Ud
vagleze(@dod)yd]l S H ud
qlezt)ua] “HD qd H
Dlezr(@od)ydl H 0D SN H?0D
Dlgz1(@od)yal H 0D SN H‘0D
p(gzr)yal HY 0D SN HY0D
roplrrr(@od)yd] H 0D SN H‘0D
roles6(@od)ydl H°0D SN H‘0D
plgg(@od)yd]  ud SwWtod yd
plgg(@od)ydl uya HYOD ud
Dlvzi(@od)yal W sSW%oD yd
plsg(@od)yd] S SWfod Ud

€601
601
1601
0601
6801
8801
£801
9801
G801
¥801
€801
801
1801
0801
6L01
801
LLOT
901
0901
6501
8401
LSOT
9601
5601
¥S01
€501
[450) 8



970 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

q16 (S) 716 0s  LI¥ 0S 0 ST HOSIN 1 "ddbze(@dod)uyl Ud N EHODUOSN)¥'E  SITT
q16 (s)22/8 0S <8¢ 0S €10 ST HOSW 1 vddlezelaod)yul yd SN DO+ VITT
q16 (5)o0se6 0S  S79 0S 80°0 ST HOSIN 1 ddbze(@dod)uyl SN AN FH2D-0oVF-OSINE €111
q16 (S) 216 0S 0S¢ 0S 0 ST HOIN 1 vddleze(@dod)uyl SN N fFHD-0oVy-OSINE  CIT1
q16 (S) 956 0S 0001 0S S0°0 ST HOW 1 "ddbze(aod)uyl SN SN FHD-09V-+-09W-€  TIIL
q16 (5)¥6 0S  S79 0S 80°0 ST HOSIN 1 vddleze(@dod)uyl SN 9N fHD-OV-+O03N-¢  OITL
q16 (S) Ls6 0S  0ST 0S 70 ST HOSN 1 *adabze(aod)ud] SN SN FH2D-C(0N)-¥'E€ 60T
q16 (S)¥'26 0S  S€T 0S L£°0 ST HOSIN 1 amanouEm_ SN N EHOD-Y(09W)+'€ 8011
q16 (S) L6 0s  LIT 0S €70 ST HOSW 1 adbzel@aod)yul yd 1d FH2D-C(0N)-v'E  LOTT
q16 (S) 168 0S St 0S €€°0 Y4 HOSW 1 *adleze(@dod)udl ud 1d-t FH2D-C(0)-v'€ 9011
q16 (S) L¥6 0S 8Lt 0S 81°0 ST HOIN 1 "adbze(aod)uyl SN 1d+ EHOD-H(0PW)+'€  SOTT
q16 (S) €16 0S  S¢I 0S L£°0 ST HOSN 1 vddleszel@dod)y _ SN 1d EH2D-C(0N)-¥'E  $OTIT
q16 (S) S06 0S  S79 0S 80°0 ST HOSIN 1 "ddbze(dod)ud yd W EH®D-0dV-OdW€  €01T
q16 (s) /8 0S  S79 0S 80°0 ST HO°IN 1 vddlez6(@dod)y _ yd | FHD-0oV+-0N€ 7011
q16 (S) S06 0S  S8¢ 0S €T°0 ST HOSN 1 "ddbze(aod)ud yd G| EHOD-L(0dW)+'€ 1011
q16 (S) 688 0S  ¥6¢ 0S L1°0 ST HO°N 1 vadlezel@dod)uy yd W EH2D-40W)+'C 0011
q16 (S) Tse 0S  S79 0S 80°0 Y4 HOSIW 1 *aabze(@dod)u _ AN il EH2DC(0)-¥'E 6601
q16 (S) 906 0S  S8¢ 0S €10 ST HOSN 1 vddleze(@dod)uyl SN k| EH2D-Y(0PW)+'E 8601
q16 (S) 16 0s  ¥IL 0S £0°0 ST HOSN 1 *aabze(aod)yd] yd H fHD-OH#03N-€ 60T
q16 (S) 696 0S  VIL 0S £0°0 Y4 HOSIW 1 vddleze(@dod)uyl ud H fHD-OH-¥-0°-¢ 9601
q16 (S) 06 0s  vIL 0S £0°0 ST HO’W 1 vaabze Eouzm_ yd H FH2D-C(09N)-¥'E  S601
q16 (S) 156 0S  S79 0S 80°0 Y4 HOSIW 1 *adleze(@dod)ud] ud H FHD-C(0N)-¥'E  ¥601
[yl Db.] [req]
swil  dway wonps  [PHId d A R
(s)eoua el  [oel  [ul
.._w.wwm 299 ‘AUOCD) 401 NOL w:O_«_v:OU umx_mumu wua‘_uwn_zm x.__—:w

(penunuod) ¢'/z 9|qeL



27.5 Bisphosphinite Ligands (One P-O Bond) | 971

7=one1 [epow: puedry (|

“1sA[e1ed pauurojard yiim Ino patired siskfered  (f

19159 [Apowu )1 se pauturaleg ([

*912A> puodas Ay} woi paureqo anfep (1

1sATered a1y Sururejuod aseyd snoanbe paraaodar Sutsn JAd PU0IS AU} UT ST} UOTIRNY (]
‘syuepepng (8

owm IRy 105 74 @

-aaneIRuEnD 9q 0} punoj pue YNN-H, £q PauruLIalop a1am spRIA uondeas apn1d  (p
‘oner 1sA[ered:agensqng (@

enoads YN uojoid £q parewnsy  (q

PRK eondo (e

q16 () 126
q16 (S) 068
q16 (S) €16
q16 (s) /8

0S
0S
0S
0S

00S
8LC
Y1L
S79

0S
0S
0S
0S

10
810
£0°0
800

ST
S¢
Y4
S¢

HOSIW 1 ddbze(@dod)uyl ud O fH°D-OH-%0°N-¢  6ITT
HOSW T vddlese Eouzm_ yd B EHD-OH-¥0N-¢  8IIT
HOSIW 1 ddbze(@dod)uyl ud SN fH®D-OdV03N-€  LIIT
HON 1 dmwaaouza Ud 9N fHD-OV-+-03N-¢  9IIL



972 | 27 Bidentate Ligands Containing a Heteroatom—Phosphorus Bond

oun ey 10§ /4 (e

qs6 () 1°01 - - - € VI dHL 87—t °4qslecor(@od)yd] OVHN SWY0D 2N =W 9
qs6  (4) 82 - - - o4 ¥ dHL 87—t °49slpse(@od)udl] SVHN SWY0D 2N =W S
wﬁmﬁoﬂ—umu
qs6 (S) 8T - - - £ 31 owdkdord 87—z °4qslq86(AOD)W] OVHN SIWCOD SN SN 4
qs6 SSI - - - € VI dHL 877 °49slqs6(@oD)wd] OVHN HY0D 2N =W €
316 (S) 1T 0S 6T 0S «CT T HOW 001 *ddles6(OD)A] SVHN HYOD W =W z
316 (S) €92 0S € 0S ©L'91 Y4 HON 3 vidlege(@OD)] OVHN HY0D W °W I

[yl . [+eq]
awil dwiy wanos  [tH)d R A A N
[4] el [yl
ERITEIETEN| 2  ‘AU0) 401 NOL suoijipuo) 1sje1e) 9jelisqns Anug
»d d +d d
v ( - v|”
¢ d gd gd

‘spuedl| anuiydsoydsiq 3uisn sajesisqns painiiisqnseslal Jo uoleusdolpAy duswolueul 9°/Z d|qeL



27.5 Bisphosphinite Ligands (One P-O Bond)

The enantioselectivities were found to be relatively independent of the solvent
used. In 1998, Zhang reported a bisphosphinite based on a rigid bis-cyclopentyl
ring system (BICPO, 95, 96) which induced 45.7 to 95% ee in the hydrogena-
tion of a-dehydroamino acid derivatives [85].

Carbohydrate-based ligands represent an interesting area in the field of asym-
metric catalysis (Tables 27.5 and 27.6). Apart from their unique biological prop-
erties, carbohydrates are highly functionalized inexpensive chiral-scaffolds. Var-
ious ligands derived from sugars, including glucose, galactose, mannitol, xylose,
and trehalose, were synthesized and their effectiveness in asymmetric hydroge-
nation was differentiated by modulation of the steric and electronic properties.
Claver and Diéguez summarized the application of carbohydrates in asymmetric
catalysis in a recent review [86]. Other reviews relevant to this field also pro-
vided excellent information on their characterization and application [87].
Among these ligands, bidentate phosphorus donors were widely used in the
form of phosphines, phosphinites, phosphites, or other mixed donor ligands.

Cullen [88], Thompson [89], Descotes [90] and Selke [91] were the early contri-
butors to the use of a carbohydrate backbone in the Rh-catalyzed asymmetric
hydrogenation of a-dehydroamino acid derivatives. A wide variety of 2,3-diphe-
nylphosphinite pyranoside ligands (Fig. 27.7) were synthesized in order to probe
the enantiodiscrimination from the stereocenters of the backbone. Among
these, the best system was found by Selke to be based on f-glucopyranoside 2,3-
diphosphinite ligand (i.e., 98a), which provided up to 96% ee in the hydrogena-
tion of 2-acetamidocinnamic acid [26, 91c]. The company VEB-ISIS produced L-
DOPA in the former German Democratic Republic for many years based on an
asymmetric olefin hydrogenation step using Selke’s Ph -GLUP ligand [92].

OX 97a (Me-a-glup) R =a—-OMe, Ar = Ph, X-X = benzylidene
97b R = 0—OMe, Ar = Ph, X-X = ethylidene
Xogég&w 97¢ R = a-OMe, Ar = Ph, X = H
/ R 97d (Ph-a-glup) R = 0—OPh, Ar = Ph, X-X = benzylidene
AraP 0 98a (Ph-p-glup) R = B—OPh, Ar = Ph, X-X = benzylidene
AryP 98b R = B-OPh, Ar = 3,5-(CHg),CgHg, X-X = benzylidene

98¢ R = B-OPh, Ar = 3,5-F,CgHj3, X-X = benzylidene
98d R = B-OPh, Ar = 3,5-(CF3),CgH3, X-X=benzylidene
98e R = B-OPh, Ar = 4-CF3C¢H4, X = H
98f R = B-OPh, Ar = 4-MeOCgHy4, X = H
989 R = B-OPh, Ar = 3,5-(Me3Si),CgHs, X = H
98h R = B-OPh, Ar = 4-FCgH,4, X =H
98i R = B-OPh, Ar=Ph, X=H
98j R = B—OPh, Ar = Ph, X-X = isopropylidene
99a R =B-Ph, Ar=Ph, X=H
99b R = B—Ph, Ar = Ph, X-X = isopropylidene
100a R = B-OMe, Ar = Ph, X-X = isopropylidene
100b R = p—OMe, Ar = Ph, X-X = benzylidene
101a R = B—OBn, Ar = Ph, X-X = benzylidene
101b R = B-O-2-Naphthyl, Ar = Ph, X-X = benzylidene
101c R = B-0O-(4-MeOCgHy), Ar = Ph, X-X = benzylidene
101d R = p—-0O-(4-NO,CgHy), Ar = Ph, X-X = benzylidene
101e R = B-0O-(2-MeOCgH,), Ar = Ph, X-X = benzylidene
101f R = B-0-(2-NO,CgHy), Ar = Ph, X-X = benzylidene

Fig. 27.7 2,3-Diphosphinite pyranoside ligands.
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Sunji¢ [93] and Snatzke [94] systematically designed a series of pyranoside li-
gands 107-110 (see Fig.27.10) for use in Rh-catalyzed hydrogenation. Ligand
108 proposed by Sunji¢ gave the highest ee-value (up to 90.4%). Thompson
found poor results in the hydrogenation of (Z)-methyl a-acetamido-cinnamate
(20-46% ee) using f-galactoside-based 113b (see Fig. 27.10) [89]. Selke showed
that a-galactose-based ligand 113a induced higher enantioselectivity (86% ee)
[91e].

In 1994, RajanBabu carried out systematic studies on the electronic and steric
properties of the diphosphinite ligands (102-106) [95]. It was determined that,
in the Rh-catalyzed hydrogenation of a wide variety of dehydroamino acid deri-
vatives, high enantioselectivities (ee-values up to 99% in S-configuration) were
obtained with 98b and 98g bearing electron-rich substituents, whereas poor se-
lectivity was obtained using the electron-deficient ligands. These results raised
the question of the preparation of products with the R-configuration. Preparing
the other enantiomer of 98 from L-glucose would be prohibitively expensive.
Nonetheless, RajanBabu developed pseudo-enantiomeric diphosphinite ligands
based on the relationship of the 2,3-diphenylphosphinite and its corresponding
3,4-diphosphinite ligands (98 and 103; Fig. 27.8). Again, electron-rich phosphi-
nites provided up to 99% ee of the products (dehydroamino acids) with the R-
configuration. This might be the most convenient way to synthesize both enan-
tiomers of aromatic and heteroaromatic alanines when using sugar-based di-
phosphinite ligands.

Two-phase catalysis has been established as a new field of study, and has
achieved industrial-scale importance in olefin hydroformylation [96]. A signifi-
cant advantage is the ease of separation of catalyst and product, which may have
economic and environmental impact. Thus, removal of the 4,6-O-protecting
group in 2,3-diphosphinite ligand 98 easily generated a water-soluble catalyst.
The effectiveness of using Rh—complexes of diphosphinite 98a in an aqueous
system was proved successfully. Oehme reported th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>