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Abstract

Synthesis and X-ray structure analyses of the chiral aminophosphine ligand 2a, accessible via diastereoselective
ortho-lithiation of aminoferrocene 5, and of its cationic 1,3-diphenyl-Tr-allyl palladium complex 6 are reported.
Its application in asymmetric allylic alkylation reactions showed asymmetric inductions of up to 71%. © 1998
Elsevier Science Ltd. All rights reserved.

During the last decades an impressive number of chiral auxiliaries have been reported.! This booming
synthetic activity was drawn mainly by the intention to optimize selectivity and reactivity of asymmetric
catalytic conversions with respect to the appropriate adjustment of the ligand geometry to the reaction
type (and mechanism) and substrate structure. Among these, the group of ferrocene based ligands is
somewhat outstanding since most combine (at least) one element of central chirality with planar chirality
arising from the non-symmetrical disubstitution of one cyclopentadienyl ring.2

To extend our previous work on 2,2’-bridged binaphthyl ligands like 13 we were interested in the
synthesis of further ligands with different types of P-N linkages such as 2a or 2b, not only changing the
bite-angle but also introducing different degrees of steric interaction above and below the basal plane of
the substrate complex.

A synthesis of 2a in four steps from ferrocene is outlined in Scheme 1. To obtain the key intermediate
S a more convenient access to aminomethylferrocene 4* was desired. We found that 4 can be prepared
directly from the methiodide of Mannich base 3% when heating in a mixture of aqueous ammonia/benzene
for 48 h in an autoclave (80%). The primary amine 4 was cyclized with (5)-2,2’-bis(bromomethyl)-1,1’ -
binaphthyl® under standard conditions to afford § (79%) which was finally treated with s-BuLi/Et,O
followed by reaction with chlorodiphenylphosphine to give predominantly aminophosphine 2a (65%).712
ortho-Lithiation under various conditions did not alter the diastereoselectivity significantly which was
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found to be 9:1, independently of solvent, temperature and lithiation reagent used. The relative configu-
ration of 2a was deduced from an X-ray structure analysis’-'? of the optically active ligand, revealing an
(8)a(S)m-configuration for the predominant product of the ortho-lithiation of (5),-5 (Fig. 1.8
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Reagents: i, Mel, conc. ammonia / benzene 100 °C, 48 h, 80%,; ii, (S)-2,2'-bis(bromomethyl)-1,1'-binaphthyl,
triethylamine, benzene, reflux, 18 h, 79%; iii, (a) s-BuLi, ether, room temp. 4 h, (b) chiorodiphenylphosphine,
-78 °C—room temp., 65%; iv, 1,3-diphenyl-x-allyl-paliadium acetate dimer, AgBF,, CH,Cl,/aceton, 81%.

Scheme 1.

A preliminary study to test the efficiency of 2a in the palladium catalyzed allylic alkylation reactions®
revealed improved asymmetric induction for cyclic substrates and pent-3-en-2-yl acetate but a sharp drop
in the enantioselectivity for 1,3-diphenyl-2-propen-1-yl acetate compared with 1 (Table 1). We speculate
that the moderate selectivities are due to steric strain in the chelate ring which facilitates at least temporary
cleavage of the Pd-N bond during the catalytic cycle. Evidence was found in the X-ray structure of the
palladium~-Tt-allyl complex 6 (Fig. 2) which showed an unusually large N-C(11)-C(6) angle of 120°
and also a distortion of one P-Ph ring which is directly opposed to one allyl-Ph (C(7)-P-C(40), 101°,
Pd-P-C(40), 118°).10 This lability is also reflected in the appearance of a Cp-symmetrical binaphthyl
fragment in the '"H NMR spectrum of the Pd—Tt-allyl complex indicating low thermodynamic and/or
kinetic stabiliy of the Pd—N bond.

A more detailed mechanistic investigation, a synthetic approach to 2b and the extension of the ortho-
lithiation/E* protocol to the preparation to other chiral aminoferrocene ligands are presently in progress.
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Fig. 1. Molecular representation of (§),($)m-N-(2-diphenylphosphino-1-ferrocenylmethyl)-3,5-dihydro-4H-dinaphth{2,1-c:1" ,2"-¢}
azepine (2a) (acetone solvate)’

Table 1
Palladium catalyzed allylic alkylation reactions®
RaANR COLHy  pg - Ra R
AcO COCH, BSA HyCO,C” ~CO,CH;,
entry ligand config. | % e.e.” (config. of prod) isol.yield
substrate (8)a(S)m-22 (8)a-1
1 1,3-diphenyl-2-propen-1-yl acetate 44 (S) 79 97 (S) 95
2 3-penten-2-yl acetate 37(+) 73 5 (+) 80
3 2-cyclopenten-1-yl acetate 71 (R) 64 15 (R) 63*
4 2-cyclohexen- 1-yl acetate 36 (R)23 28 (R) 86™
5 2-cyclohepten- 1-yl acetate 56 (R) 82 63 (R) 74

* Reactions were conducted on a 1 mmol scale with N,O-bis(trimethylsilyl)acetamide (BSA) in
CH.Cl,, 0.5 mol% of [Pd(n-C3Hs)Cl], and 2 mol% of ligand at room temp.; for experimental
details see ''*. " E.e.'s were determined by HPLC (entry 1) '**, GC (entry 2) '"* or on the basis of
highest specific rotations reported (entries 3-5). '

Fig. 2. Molecular representation of the predominantly formed 1,3-diphenyl-tr-allyl palladium complex 6 prepared from
(5%).(5*)m-2a as encountered in the crystalline tetrafluoroborate methanol solvate!?
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