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Abstract

The new ferrocenyl ligand 1i allows the performance of a highly enantioselective copper catalyzed
SN2%-allylic substitution of allylic chlorides with diorganozincs, providing substituted products with
enantiomeric excesses of up to 98%. © 2000 Elsevier Science Ltd. All rights reserved.
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The allylic substitution reaction of allylic electrophiles with organometallic reagents is an
excellent method for forming new carbon�carbon bonds.1–3 Palladium(0)-catalyzed allylic substi-
tutions have proven to be excellent methods for the enantioselective substitution with stabilized
organometallic reagents such as malonate anions or related species; however, enantioselective
substitution with alkyl groups is more limited.4–9

Alternatively, copper-catalyzed allylic substitutions with alkyl organometallics show more
promise. Unfortunately, only moderate enantioselectivities have been obtained up to now.10–12

Recently, we have reported that ferrocenyl amines such as 1c are excellent ligands for the
enantioselective substitution of allylic chlorides with diorganozincs. The enantiomeric excess
with dineopentylzinc reaches 87%, but the reaction requires a temperature of −90°C and is
limited to very hindered diorganozincs.12 Thus, under these conditions, the substitution of
cinnamyl chloride with the less hindered dipentylzinc provides an enantiomeric excess of only
26%.

Herein, we wish to report the use of an improved ligand, which allows the reaction to be
performed at −30°C and leads to products with enantioselectivities of up to 98%. Thus, we have
prepared a range of ferrocenyl amines of type 1, starting from the readily prepared ferrocenyl
ketones 2a–i, followed by an enantioselective CBS reduction,13 providing the corresponding
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alcohols 3a–i in good yields (60–88%) and excellent enantioselectivities (>99% ee). The acylation
of the alcohols 3a–i with acetic anhydride in pyridine furnishes the corresponding acetates,
which by treatment with aqueous ammonia in CH3CN provide the ferrocenyl amines 1a–i in
40–60% yield (Scheme 1). These ligands were tested in the substitution of cinnamyl chloride with
dineopentylzinc [THF, −50°C, CuBr·Me2S (1 mol%), ligand 1 (10 mol%)] leading to product 6a
(Table 2).

Scheme 1.

We observed that steric hindrance in the ligand is a key parameter for obtaining a high
enantioselectivity. Thus, both the naphthyl (entry 3 of Table 1) and the 9-phenanthrenyl
substituted ligands (entry 5) gave better results than the phenyl substituted system (Ar=Ph).
However, best results were obtained by introducing sterically hindered substituents on the
phenyl ring (entries 4, 6, 7, 8 and 9), leading finally to the ferrocenyl amine 1i as the best ligand
(92% ee).

Table 1
Optimization of the ferrocenyl amine ligand 1 for the copper catalyzed allylic substitution of cinnamyl chloride

with dineopentylzinc

SN2%/SN2Ar ee (%)CatalystEntry

3295:51a1 Phenyl
1-Naphthyl 93:7 332 1b

3 4295:51c2-Naphthyl
97:31d 38p-Biphenyl4

615 9-Phenanthrenyl 1e 98:2
o-Bromophenyl 1f6 96:4 38
p-tert-Butylphenyl 5696:41g7

6697:31h3,5-Dimethylphenyl8
92a98:21i3,5-Di-tert-Butylphenyl9

a [a ]D
20=+62 (c 1.5, CHCl3).

A further improvement in the reaction conditions, by the simultaneous addition of the
diorganozinc 4 and the allylic chloride 5 in 3 h using a syringe pump, increased the enantioselec-
tivity of product 6 and avoided the using of very low reaction temperatures (−30°C instead of
−50°C or −90°C). The results are summarized in Table 2 and Scheme 2.14

Dineopentylzinc still gives the best results, with over 98% ee in the case of p-trifluoromethyl-
cinnamyl chloride (entry 2 of Table 2). Remarkably, now n-dialkylzincs such as dipentylzinc
(entry 7) and diethylzinc (entry 8) also give satisfactory results (44–65% ee).
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Table 2
Enantioselective addition of diorganozincs to allylic chlorides catalyzed by CuBr·DMS (1 mol%) in the presence

of the chiral ligand 1i at −30°C (simultaneous addition of the reagents)
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Scheme 2.

By using mixed diorganozinc reagents,15 specifically n-alkyl-neo-pentylzincs, it was further
possible to increase the enantioselectivity of the reaction. In the case of ethyl as the n-alkyl
group, compound 6h is formed with 52% ee compared to 44% ee using diethylzinc (Table 2,
entry 8). Interestingly, the formation of product 6a was not observed; only the ethyl group is
transferred, leading to 6h.

As well as simple alkyl groups, functionalized diorganozincs, such as di(4-acetoxybutyl)zinc2–9

7 and di(4-carboethoxybutyl)zinc6,16 8 also add to cinnamyl chloride with 50% ee, providing the
functionalized products 9 and 10 in 63–75% yield and with complete SN2%-regiocontrol (Scheme 3).

Scheme 3.

In summary, we have found that the new ferrocenylamine 1i allows enantioselective allylic
substitution reactions to be performed for the first time with primary and secondary dialkylzincs
as well as with functionalized diorganozincs with a good level of enantioselectivity. Further
improvement of the reaction conditions and the investigation of intramolecular substitutions are
currently underway in our laboratories.17
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