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Abstract—?2.2’-Disubstituted ferrocenecarboxaldehydes are subjected to zinc-mediated allylation to form homoallylic ferrocenyl
alcohols. The effects of ortho-substituted functional groups on facial selectivities of planar chiral aldehydes were studied and it
was found that the corresponding homoallylic alcohols were obtained as single diastereomers in excellent yields.

© 2007 Elsevier Ltd. All rights reserved.

Ferrocene plays a significant role in many areas of syn-
thetic and material chemistry owing to its stability and
the wealth of methods for its derivatization. Chiral ferro-
cenyl derivatives have been utilized as chiral ligands in
many asymmetric catalytic reactions.! In addition, the
utility of the stable a-chiral carbenium of ferrocene alco-
hol may open up new areas of asymmetric catalysis.? In
connection with our interest in the a-chiral ferrocene
carbenium chemistry, we required efficient and practical
methods to obtain a-chiral alcohols with high selectivi-
ties. There have been tremendous efforts directed
towards the development of new methods to obtain
optically pure ferrocenyl alcohols.? In this Letter, we re-
port an efficient method utilizing the existing planar chi-
rality of ferrocene to generate chiral ferrocenyl ligands
cleanly (Scheme 1).

The 2,2'-substituted ferrocenecarboxaldehydes were pre-
pared using the following general procedure.* Ferrocene-
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Scheme 1. Synthetic scheme to various chiral ferrocenyl ligands.
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carboxaldehyde 1 was quantitatively converted into
acetal 2 by heating with 1,3-propanediol in the presence
of p-TSA in dichloromethane. Deprotonation of the
acetal using #-BuLi (2.2 equiv) in THF at room temper-
ature for 4 h, followed by quenching with different elec-
trophiles (TMSCI or dibromoxylene) to intermediate 3
and finally deprotection furnished the respective desired
2,2'-substituted ferrocenecarboxaldehydes 4 (Scheme 2).

Phenylferrocenecarboxaldehyde (4)-4d was obtained
using the Negishi coupling reaction.’ After lithiation
of ferrocenylacetal with n-BulLi, the ortho lithiated inter-
mediate obtained was transmetallated with ZnCl, and
cross-coupled with bromobenzene in the presence of a
catalytic amount of PdCly(Ph;3), to afford (4)-4d as
shown in Scheme 3.

The 2,2'-disubstituted ferrocenecarboxaldehydes pre-
pared were then subjected to allylation reactions.®
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Scheme 2. Synthesis of 2,2’-disubstituted ferrocenecarboxaldehydes.

O Negishi
< coupling

Fe O

2

Scheme 3. Negishi coupling reaction.

Table 1. Allylation of 2,2'-disubstituted ferrocenecarboxaldehydes

with various allyl bromides®
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Entry R R3 Yield® Selectivity®
1
R \2\/ Br
R2

1 Me 83 75:25

2 T™MS _A~-Br 92 67:33

3 Br w/\/ 89 >99:1

4 Ph 85 >99:1

5 TMS 67 67:33

6 Br _A~-Br 84 >99:1

7 Ph 90 >99:1
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Table 1 (continued)
Entry R R3 Yield® Selectivity®
1
R \2\/ Br
R2
8 TMS CO,Me 94 52:48
9 Br Br 94 >99:1
10 Ph 76 >99:1
11 TMS 87 76:24
12 Br )\/ Br 90 >99:1
13 Ph 92 >99:1

# All reactions were carried out on a 0.5 mmol scale in an ice bath with
6 mL of solvent.

®Isolated yield.

°Diastereoselectivity was determined by 'H and '*C NMR
spectroscopy.

Various allyl bromides were used in the presence of zinc
powder and the results are summarized in Table 1.

In all cases, the zinc-mediated allylation proceeded
smoothly to give the desired products in moderate to
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Figure 1. X-ray crystal structure of the allylation product.
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Scheme 4. Allylation of 2-substituted ferrocenecarboxaldehyde with
allyl bromide.

good yields (Table 1). When R =TMS or Me, the
prenylated products were obtained with low selectivities
(entries 1 and 2). This contrasts with the high facial
selectivities for R = Br or Ph (entries 3 and 4). A sim-
ilar trend was observed for allylation (entries 5-7),
where TMS gave no preference in facial selectivity
while Ph and Br gave the products essentially as single
isomers. Furthermore, Ph and Br substituted ferrocen-
ecarboxaldehyde also gave excellent selectivities with
o-substituted bromide (entries 9, 10, 12 and 13). The
relative stereochemistry of the alcohol product (entry
3, Table 1) was confirmed by X-ray crystallography
(Fig. 1).

Furthermore, simple 2-substituted ferrocenecarboxalde-
hyde (4)-6 was also subjected to the same zinc allylation
conditions, giving similar yields and facial selectivities as
shown in Scheme 4. This suggests that the key factor
determining the diastereoselectivity of the allylation
process is the substituted group on the upper cyclopen-
tadienyl ring.

THF / sat.NH,CI

@—CHO Zn w/VBr
@—

A transition state can be proposed to account for the
observed stereochemistry. Organozinc reagents attack
the formyl group from the less hindered side, away from
the sterically hindered lower cyclopentadienyl ring to
afford the product with the stereochemistry as shown
in Scheme 5.

In conclusion, a series of 2,2'-disubstituted ferrocene-
carboxaldehydes have been synthesized and were
applied in allylation reactions using various allylic
bromides. TMS and Me substituents did not give the
good selectivity. However, Ph and Br substituents gave
excellent diastereoselectivities (>99:1). A series of chiral
ferrocenyl complexes are currently being derived from
2,2'-disubstituted ferrocenecarboxaldehydes.
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Scheme 5. Proposed mechanism for the allylation of 2,2'-disubstituted ferrocenecarboxaldehyde with allyl bromide.
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