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Abstract: Allylic alkylations with Pd complexes of chiral oxazolines with an additional donor
P, S, or Se center are reported. Crystal and solution structures of palladium =-allyl complexes
of phosphlnoaryloxazolmes were determined by X-ray crystallography and cross relaxation

riments, respectively. From the resuits conclusions concermning the steric course of allylic
su stitutions are drawn.

Recently we and others introduced phosphinoalkyl- and phosphinoaryloxazolines (1) as first mem-
bers of a new class of chiral ligands, and demonstrated especially for the latter outstanding per-
formance with respect to both reactivity and enantioselectivity in some Pd complex catalyzed allylic
substitution reactions 1. In the meantime, we have prepared additional ligands by varying R and X
of 1, widened the range of applications to i.a. N nucleophiles and were able to determine crystal
and solution structures for the x-allyl Pd complexes 2, 3 and 4 that were previously described’.
We hoped to aid by these studies mechanistic rationalization of the reactions of complexes 4 and
analogous intermediates which required assessment of relative rates of reactions at C1 and C3 of
the rapidly interconverting isomers 4x and 4n2.
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The first issus addressed was the relative influence of the substituents near the hard (N) and soft
(X) center. Results are presented in Table 1. The steric course of the reaction, generally in favor of
the product with (S) configuration, was found to be surprisingly insensitive to the nature of the soft
ligand. Thus, the configuration of a stereogenic phosphorus atom (entries 2 and 3) is unimportant3
and replacement of phosphorus by sulfur (entries 5, 6), as already apparent from studies by
Williams4, or selenium (entry 7) only reduces reactivity but not enantioselectivity. A monodentate
ligand (entry 9) was, however, not affective. From these rasults we infere that the steric course is
controlled by the oxazoline moiety and the soft ligand is mainly important for reactivity.

High quality crystals of the allylic complexes 2 and 4 ware obtained by siow evaporation of solu-
tions in CHoClo/ethyl acetate. Their X-ray crystal structures ars describad in Fig. 1. Remarkably,
the crystal of 2 contained a disordered structure with both diastereomeric complexes. In the case
of 4, the exo isomer 4x was found in the crystal. By dissolving a crystal at -78 °C and equilibration
at higher temperature it was established that 4x is more stable than 4n (sea below) which is in
contrast to intuitive expectation. Selected bond lengths and angles are given in Table 2. The bond
lengths between Pd and the allylic termini are within the range found for allylic complexes of NN
and PP chelate ligandsS, i.e. the bond trans to P (225 £ 1 pm) is longer than the bond trans to N
(213 = 1 pm). The allylic plane forms an angle of 122 (2)/110 (4) deg with the coordination plane of
Pd. In structure 4 there is a severe steric intaraction between the phenyl group at C-1 of the allyl
group and the equatorial phenyl group at P, which drives the allylic phenyl group out of co-planarity
with the allylic system (torsion angle: 46 deg).

NMR investigations were carried out with a variety of methods® and fumished interesting results:

« The allylic complex 3 shows broad lines at room temperature. At -23 °C two sets of signals cor-
responding to the isomers 3x and 3n (ratio ca. 1:1) are observed. Almost all TH and 13C reso-
nances could be assigned?.

« The complex 4 displays an 8 : 1 ratio of the two species 4x and 4n at room temperature, re-
spectively (C4DgO). The ratio increases upon lowering of temperature. Assignment of the
structures was unambiguously possible”.

With the chemical shift data of all relevant species known, it was possible ta shed some light on

the processes involved in the interconversion of the endo and exo isomers. Assuming a n-o-x

process of interconversion, various possitilities have to be considered: formation of the o bond to

C1 or C3 and rotation around the allylic C-C single bond or the Pd-C bond. Careful analysis of the

NOESY and ROESY data aliowed to draw the following conclusions:

+ Interconversion of 3x and 3n occurs via the o~complex 3g, /.e., by open- 148 148|348 3
ing of the Pd-C bond trans to the phosphorus atom. From ROESY and |14 %
NOESY spectra it follows that 3x and 3n interconvertat - 23 °C with arate  |14s
of 0.6 s-1 by rotation around the C1-C2 bond. In accordance with this mo- s % (*)
tion only those cross peaks relating protons represented by the filled cir- |3+
cles are observed (Fig. 2, the peak in brackets is obscured by overlap).

+ In contrast, the 1,3-dipheny! allylic systiem 4 interconverts via the Pd-C-ro-
tation mechanism (rate: 1.6 s™1 at +25 °C, cf. Fig. 2, corresponding cross peaks marked by as-
terisks).

Fig. 2.
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Table 1. Allylic alkylation of dimethyl malonate with 1,3-diphenyl-2-propenyl acetate (6).

Entry Ligand R

t Yieldd % ee®
h} (%] (Config.)
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[ ]

X Method Molequiv. Ratio of

of Pd  ligand/Pd
Pr PPhy AB 0.02 12
i-Pr Rp-P(1-CigHp)Ph AP 0.01 1.2
i-Pr Sp-P(1-CygH7)Ph Ab 0.02 1.2
i-Pr P(1-C4oH7)2 A 0.02 1.1
iPr SPh A 0.02 14
i-Pr SPh A 0.02 5.0
Pr SePh 8¢ 0.01 20
(CHZ)2SCH3 PPhy A 0.02 1.
-Pr H B 0.015 20

1 98 8 (5)
23 88 7S
21 98 77.5 (S)

120 38 80 (S)
28 17 82 (S)
28 49 79 (S)
72 50-84 95 (S)
20 76 98 (9

120 3 2 (9

a) Reactlon of 4 mmol of 5 with 3 mmol of dimethyl maionate, 3 mmol of N,O-bis-trimethyisilylacelamide (BSA) and
10 pmol of HCCOOK in 2 ml of THF at room temperature. b) The solvent was CH2Clz. ¢} Reaction of 1 mmol of §
with 2 mmol of sodium dimethyl malonate in 2 mi of THF at room temperature. d) Yields refer to product after
isolation and chromatographic purification, &) Enantiomeric excess was determined by 1H NMR (CDCIl3) using
Eu(hfc)z as shift reagent or by HPLC analysis on Daicel Chiralcel OD-H (n-hexane:l-propanol 99:1, flow 0.5 ml/min).
f) Ligand 1d was provided by Mr. Th. Langer of our laboratory.

Table 2. Selected bond distances and bond angles.

Fig. 1. Crystal structures of com-
plexes 2 and 4.

Anions and hydrogen atoms are
omitted for clarity. Front and side
views are given. in 2 both 2x and
2n are present in the crystal with
all atoms except C2x and C2n,
respectively, at identical positions.

In the side view, the horizontal line
(a8) marks the coordination plane
spanned by C1, C3, Pd, P and N.
The vertical line (b) is erected per-
pendicuiarlly to the coordination
plane at the P atom. Further lines
are given to demonstrate differ-
ences in orientation of the ligand
framework (¢, d, ) to the coordi-
nation plane in 2 and 4. The angle
between a and d is mainly deter-
mined by the necessity of bond
angles near 80 * at Pd and steric
effects. Axial disposition of the iso-
propyl group is a consequence of
steric interactions of this group
with ligands at Pd.

Distance [pm] Angle [*]
2 4

Pd - N 207.7 (0.7) 209.0 (3.3) N-Pd-P 88.8 (0.2) 88.6 (1.6)
Pd-P 226.8 {0.2) 226.2 (3.8) P-Pd-C1 99.9 (0.3) 100.4 (0.8)
Pd-Ct 211.9(1.0) 2143 (3.4) Ci-Pd-C3 67.9 (0.4) 66.6 (1.0)
Pd - C2x 217.32.2) 217.9 (5.5) C3-Pd-N 10 3 03.5

Pd - C2n 220.0 (1.7) - 360.0 359.1

Pd - C3 224.0 (1.0) 228.3 (3.5)
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Experiments were carried out to determine the course of nucleophilic attack of dimethyl malonate,
Le., to solve the question of the relative rates of nucleophilic attack at C1 or C3 of the diastereo-
meric z-allyl complexes 4x and 4n8. Unfortunately, interconversion of the isomers was found to be
at least 50 times taster than nucleophilic attack so that no decision was possible. The results of the
preparative experiments and the NMR work, /.., particular importance of the oxazoline moiety and
opening of the Pd-C3 bond, le., the bond trans to P, upon formation of the o-complex, indicate
that attack trans to the Pd-P bond is easier than trans to the Pd-N bondS. From the (S)-configura-
tion of the predominant reaction product it follows that the exo isomer 3x is the more reactive con-
former. The same conclusion can be drawn by applying Bosnich’s postutate10 that the transition
state of nucleophilic attack resembles the x-allyl intermediate; accordingly, it is the major diastere-
omer, here 4x, that gives the major enantiomeric product; if so, attack of the nucleophile must oc-
cur trans to the Pd-P bond in order to give rise to the observed (S) enantiomer:

The same conclusion was independently
derived by A. Pfaltz1? for phosphinoarylox-

He, M
H,o*&:('i;ﬁ w\(\/«. azolines and by J.M. Brown for a different

type of PN ligand (diphenylphosphino-
naphthylisochinoline) with a somewhat dif-

t ferent set of arguments12.
Nu
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