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Abstract—New enantiopure cyclic �-iminophosphines were applied as ligands in Pd-catalyzed asymmetric allylic substitution
reactions. © 2003 Elsevier Science Ltd. All rights reserved.

Transition metal-catalyzed asymmetric reactions per-
formed with phosphorus�nitrogen mixed donor biden-
tate ligands generally led to excellent levels of
stereocontrol.1 A large variety of phosphorus�nitrogen
ligands was used but very few of them concern linear or
cyclic iminophosphines.2–4 Among them, chiral linear
�-iminophosphines 1 have shown a versatile behaviour
in some catalytic asymmetric transformations such as
for example palladium-catalyzed asymmetric allylic
substitutions.3 However to the best of our knowledge,
no similar work has been conducted with cyclic
iminophosphines. Electronically and sterically different
chiral arrangements as well as variation in the ligand
flexibility might induce better enantioselectivities. In
this paper we report the synthesis of new enantiomeri-
cally pure cyclic �-iminophosphines, the crystal struc-
ture characterization of an enantiomer and preliminary
results concerning the catalytic properties of Pd(0) com-
plexes in asymmetric allylic alkylation and amination.

According to the procedure already published5 we have
prepared and separated the (R)- and (S)-phospholene
enantiomers 2-(RP) and 2-(SP) (Scheme 1). Each of
these enantiomeric forms was reacted first with
diphenyl zirconocene—a precursor of zirconabenzyne—
to give the tricyclic zirconaindanephospholanes 3-(RP)
and 3-(SP), respectively.6 Further treatment of 3-(RP)
and 3-(SP) with the isocyanide 4 (R=2,6-Me2C6H3)
afforded the �-iminophosphines 5-(RP) and 5-(SP) in

pure enantiomeric form. These two enantiomers were
characterized by 1H, 13C, 31P NMR and by mass spec-
trometry analysis.6 The enantiomeric purity of 5 was
determined by either chiral HPLC7 or 1H NMR using
the chiral shifting agent (+)-Eu(hfc)3. The structure of
the 5-(RP) enantiomer {[� ]D20=−252 (c 3.1, CHCl3)} was
solved by X-ray diffraction studies which confirm its
absolute configuration at the level of the phosphorus
atom.8 Absolute configuration for carbons C8(S) and
C(11)(S) was also established (see Fig. 1). NMR data of
the 5-(SP) enantiomer {[� ]D20=+254 (c 2.3, CHCl3)}
were similar to that observed for 5-(RP).

Scheme 1. Synthesis of the enantiopure cyclic �-iminophos-
phines 5.
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Figure 1. Molecular structure of 5-(RP) showing the atom
numbering scheme. Selected bond distances (A� ) and angles
(°): P(1)�C(11) 1.880(4), P(1)�C(10) 1.837(4), C(11)�C(1)
1.521(5), C(8)�C(7) 1.502(5), C(1)�N(1) 1.272(5), N(1)�C(18)
1.426(5), C(10)�P(1)�C(11) 92.27(19), P(1)�C(11)�C(1)
112.7(3), C(11)�C(1)�N(1) 130.3(4), C(1)�N(1)�C(18)
118.9(3), C(11)�C(8)�C(7) 103.3(3), P(1)�C(10)�C(9) 107.4(3).

plex.9 The Pd�Cl bond lenghts are significantly different
from one another, the chlorine atom trans to phospho-
rus displaying the expected longer distance (2.343 A� as
compared to its partner trans to nitrogen (2.296 A� ).
This is the expression of the higher trans influence of
the phosphine ligand. We have tested the catalytic
properties of the palladium complexes formed in situ
from this new ligand 5-(RP) and 2 mol% of [Pd-
(allyl)Cl]2 in an allylic alkylation of 1,3-diphenylprop-
3-en-1-yl acetate 6 by the nucleophile generated from
dimethylmalonate with N,O-bis(trimethylsilyl) acet-
amide (BSA) and a catalytic amount of potassium
acetate in methylene dichloride solution at room tem-
perature (Table 1). The (S)-alkylated product 7 was
obtained in 95% yield and 57% e.e. with a ratio ligand/
Pd=2 (entry 1). The enantioselectivity decreases to 48%
with a ratio ligand/Pd=1 (entry 2). For the amination
the reaction solvents influenced the enantioselectivity of
the reaction and the best enantioselectivity e.e.=64%
was observed in CH2Cl2 as solvent (entries 3 and 4).
Both Pd(0)-allylic substitution alkylation and amina-
tion led to the same relative configuration for the
products 7 and 8 involving probably the same �3-allylic
diastereomer Pd-complex during the nucleophilic
attacks. By using 5-(SP), 7-(R) and 7-(S) were obtained
with practically the same enantioselectivity.

Although these preliminary results reveal a good yield
but a moderate enantioselectivity of allylation products,
the original strategy applied to synthesize these new
enantiopure chiral ligands should allow to modulate
electronic and steric effects for achieving higher enan-
tioselectivity in the asymmetric catalysis. The investiga-
tion on the application of these ligands in other
transition-metal-catalyzed asymmetric reactions is
ongoing in our laboratories.

We shown that the ligand 5 is able to form five-mem-
bered ring chelates with both nitrogen and phosphorus
atoms coordinated to Pd(II) in the (P�N)PdCl2 com-

Table 1. Asymmetric Pd(0)-catalyzed substitution of racemic allylic substrate 6 with malonate and benzylamine as nucle-
ophile

SolventdNucleophile ee (%)f,gEntry Yield (%)eTime (h)Temp. (°C)

CH2(COOMe)21a 951620 57 (S)CH2Cl2
20 162b 90CH2(COOMe)2 48 (S)CH2Cl2

3c Toluene −10 24 96 57 (R)PhCH2NH2

−104c 24PhCH2NH2 72 64.(R)CH2Cl2

a [Pd(C3H5)Cl]2:5:KOAc:6:BSA:malonate=2:8:10:100:300:300. Ligand/Pd=2.
b [Pd(C3H5)Cl]2:5:KOAc:6:BSA:malonate=2:4:10:100:300:300. Ligand/Pd=1.
c [Pd(C3H5)Cl]2:5:6:benzylamine=2:8:100:300. Ligand/Pd=2.
d 0.15 M of 6.
e Isolated yield.
f For 7 the e.e. was determined by HPLC on a Chiralcel AD-H column at �=254 nm, eluent: hexane/isopropanol: 95/5; flow rate: 1 mL/min;

tS=14.34 min; tR=19.39 min.
g For 8 the e.e. was determined by HPLC on a Chiracel OD-H column at �=254 nm, eluent: hexane/isopropanol: 99/1; flow rate: 0.5 mL/min;

tS=20.98 min; tR=22.53 min.



M. Zablocka et al. / Tetrahedron Letters 44 (2003) 2413–2415 2415

Acknowledgements

This work was performed with the support of the
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