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Diamidophosphites (with characteristic unit PON2) constitute a 
very promising group of asymmetric inducers with significant 
differences from more common phosphites (PO3) and phosphor-
amidites (PO2N). In particular, the replacement of bivalent oxygen 
atoms in the first coordination sphere of the phosphorus atom for 
the trivalent nitrogen atoms bearing certain substituents increases 
the electron density and steric hindrances on phosphorus. The 
modular structure of diamidophosphites allows one to vary substi-
tuents at the phosphorus and/or nitrogen atoms (thereby finely 
tuning the steric and electronic parameters of a ligand), as well 
as the configuration of P*- and C*-stereocenters. The presence of 
asymmetric phosphorus atom can significantly favor a successful 
chirality transfer in a catalytic cycle. Incorporation of the phosphorus 
and nitrogen atoms into the 1,3,2-diazaphospholidine ring leads to a 
higher degree of rigidity and resistance to oxida tion and hydrolysis. 
Therefore, known P*-monodentate, P*,N- and P*,P-bidentate 
diamido phosphite ligands have found a successful application in 
the asymmetric Pd-catalyzed allylation and cycloaddition, Rh-
catalyzed hydrogenation and hydroformyla tion, as well as in the 
Ni-catalyzed hydrovinylation.1 There are no data on the synthesis 
of P*,S-bidentate diamidophosphites and their use in asymmetric 
catalysis, while P*,S-bidentate phosphites and phosphoramidites 
are well-known.2

Herein we report on the synthesis of the first P*,S-bidentate 
diamidophosphite ligand bearing an asymmetric phosphorus atom 
in the 1,3,2-diazaphospholidine ring and its application in the 
Pd-mediated asymmetric allylic substitution processes such as 
alkylation and amination. These catalytic transformations are 
reliable methods to evaluate the efficiency of new chiral 
ligands.1(d),2(e),3 The products of alkylation using dimethyl malonate 
are convenient precursors of enantioenriched unsaturated 

carboxylic acids derivatives,4 and allylic amines are important star-
ting compounds for many natural products and drugs.5 The Pd-
catalyzed enantioselective synthesis of a quaternary carbon center 
is highly challenging and provides access to practically significant 
building blocks.6 Note that in the case of Pd-π-allyl catalytic 
intermediates based on P*,S-ligands, the nucleophilic attack occurs 
trans to P-atom, thus sulfide donor center can serve as an important 
stereocontrolling element, primarily when S-atom becomes a 
stereogenic center if coordinated to a metal.2(c)-(e),3(b),7

As illustrated in Scheme 1, novel P*,S-bidentate diamidophos-
phite ligand, viz., (2R,5S)-2-(2-methylthioethoxy)-3-phenyl-1,3-di-
aza-2-phosphabicyclo[3.3.0]octane, 1 was efficiently prepared by 
the reaction of 2-(methylthio)ethan-1-ol with (5S)-2-chloro-3-
phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octane in toluene in the 
presence of excess Et3N as the hydrochlo ride scavenger. After 
vacuum distillation, compound 1 was obtained as clear oil, quite 
stable for manipulations in air and storage under dry conditions at 
room temperature for several months with negligible degradation.

The structure of compound 1 was confirmed by elemental 
analysis and 1H, 13C, and 31P NMR spectroscopy. The complete 
assignment of 1H and 13C chemical shifts was performed by 
2D NMR techniques, including 1H-1H COSY, 1H-1H NOESY, 
1H-13C HSQC and 1H-13C HMBC spectra (see Figure S1, Online 
Supplementary Ma terials). The 31P{1H} spectrum featured a 
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single sharp singlet at dP 123.1 ppm indicating that ligand 1 is 
stereoindividual. Its P*-stereocenter has (R) absolute configu-
ration, which is supported by a large value  2JC(8),P of 38.1 Hz 
suggesting that the lone pair of the phosphorus atom and the C(8) 
atom of the pyrrolidine –(CH2)3– fragment are located in the syn-
orientation relative to the 1,3,2-diazaphospholidine ring plane 
(Figure S2).1(a),(b),(m),(o),( p),8

Initially the efficiency of ligand 1 was examined in the allylic 
alkylation of rac-(E)-1,3-diphenylallyl acetate 2a with dimethyl 
malonate as the C-nucleophile using [Pd(π-allyl)Cl]2 as the pre-
catalyst with a combined base of N,O-bis(trimethylsilyl)acetamide 
(BSA) and a catalytic amount of KOAc (Scheme 2). Represen-
tative results of the optimization study are highlighted in Table 1, 
demonstrating high catalytic activity of ligand 1; irrespective of the 
experimental conditions applied, quantitative conversions were 
observed in all cases. In all cases, the (S)-enantiomer of the reaction 
product 3 was predominant. However, the value of the enantio-
selectivity strongly depended on the solvent and the ratio of ligand 
to palladium (entries 1-4). The best ee of 84% was achieved using 
CH2Cl2 as the solvent and 1 : Pd molar ratio of 2 : 1 (entry 4). The 
catalyst loading can be reduced to 0.2 or 0.1 mol% without any 
loss in activity or selectivity (entries 5, 6). Running the reaction at 
-20 °C provided 86% ee (entry 7). The replacement of KOAc 
with weaker Lewis basic LiOAc (entries 8, 9), the use of Cs2CO3 
as the base (entry 10), NaB[C6H3(CF3)2-3,5]4 as a noncoordinating 
counterion source (entry 11) or ethyl carbonate derivative 2b as 
the electrophile (entry 12) did not cause any improvement. Never-
theless, it should be pointed out that new hetero donor P*,S-
ligand 1 provided superior or comparable efficiency to P*-mono, 
P*,P- and P*,N-bidentate 1,3,2-diaza phospholidine-based ligands 
reported to date (see Table S1).1(a),(b),(i),(l)

We further tested ligand 1 in Pd-catalyzed allylic amination 
reactions (Scheme 3). In the case of pyrrolidine as the N-nucleo-

phile, ligand 1 provided high catalytic activity, the corresponding 
product 4 being obtained with 73% ee (R). In contrast to the 
allylic alkylation, THF was the solvent of choice and the 1 : Pd 
molar ratio of 1 : 1 was preferable (see Table S2).

When a more challenging N-nucleophile, diethyl (aminomethyl)-
phosphonate, was used, the conversion of substrate 2a and the 
enantioselectivity were higher in CH2Cl2 as the reaction medium 
and with the 1 : Pd molar ratio of 2 : 1 (see Table S3). a-Amino phos-
phonate 5 was obtained with 75% ee, but its absolute configura tion 
has not yet been ascertained. Note that this reaction offers an addi-
tional scope for the synthesis of nonracemic a-amino phosphonates.10

The next step was an attempt to use ligand 1 in the Pd-catalyzed 
allylic alkylation of non-symmetric cinnamyl acetate 6 with b-keto 
esters 7a and 7b (Scheme 4). In this process, a quaternary C*-
stereocenter is formed at the carbon atom belonging to the 
nucleophile. To the best of our knowledge, there are only three 
examples for the synthesis of the enantioenriched compound 
8a.6( g),11 When ligand 1 was used, the reactions proceeded with 
the quantitative conversion providing (S)-isomers of the desired 
products 8a,b with 62 and 76% ee, respectively (see Tables S4 
and S5). For both the reactions, 1 : Pd molar ratio of 2 : 1 was 
optimal.

We also examined the Pd-catalyzed asymmetric allylic substitu-
tion using b-keto ester 9 with acetamido group at the a-carbon as 
the prochiral nucleophile (Scheme 5). This is one of the most 
straightforward approaches to chiral quaternary a-amino acid 
derivatives.12 Product (R)-10 was obtained with 55% ee and 
quantitative conversion of substrate 6 (see Table S6).

In summary, P*,S-bidentate diamidophosphite ligand 1 turned 
to be a promising chiral inducer being rather sensitive to the 
nature of nucleophile and reaction conditions. This ligand exhibits 
noticeable advantages over P*-mono, P*,P- and P*,N-bidentate 

Table 1 Pd-catalyzed allylic alkylation of substrates 2 with dimethyl 
malonate.

Entry Substrate
Molar ratio 
1 : Pd

Solvent
Conversion 
of 2 (%)

ee of 3 (%) a

  1 2a 1 : 1 THF 100 66 (S)
  2 2a 2 : 1 THF 100 76 (S)
  3 2a 1 : 1 CH2Cl2 100 43 (S)
  4 2a 2 : 1 CH2Cl2 100 84 (S)
  5 2a 2 : 1 CH2Cl2 100 85 (S)b

  6 2a 2 : 1 CH2Cl2 100 85 (S)c

  7 2a 2 : 1 CH2Cl2 100 86 (S)d

  8 2a 1 : 1 CH2Cl2 100 79 (S)e

  9 2a 2 : 1 CH2Cl2 100 83 (S)e

10 2a 2 : 1 CH2Cl2 100 82 (S) f

11 2a 2 : 1 CH2Cl2 100 85 (S)g

12 2b 2 : 1 CH2Cl2   99 83 (S)

a The conversion of 2 and ee values of 3 were determined by HPLC analysis. The 
absolute configuration was assigned by comparison of the HPLC retention times 
[Kromasil 5-CelluCoat, C6H14 / PriOH = 99 : 1, 0.6 ml min-1, 254 nm, t(R) = 
= 18.8 min, t(S) = 20.2 min] with reported data.1(p),9 b 0.2 mol% [Pd(π-allyl)Cl]2. 
c 0.1 mol% [Pd(π-allyl)Cl]2. d Performed at -20 °C. e With LiOAc instead of 
KOAc.  f  With Cs2CO3 (2 equiv.) as the base. g NaB[C6H3(CF3)2-3,5]4 (5 mol%) 
was used as the additive.
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diamidophosphites. Further studies using a structurally optimized 
P-chirogenic diamidophosphites bearing an additional sulfide 
donor centre are in progress.
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