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ABSTRACT

A new process for induction of planar chirality via a matched chiral-directed metalation group (DMG)/(−)-sparteine interaction is demonstrated.
Thus, s-BuLi metalation of (−)-menthylferrocenesulfonate (8b) with (−)-sparteine constitutes a matched pair resulting in amplification of the dr
in the 2-formyl product 10a.

The search for practical asymmetric synthesis of planar chiral
ferrocenes1 has produced directedortho metalation (DoM)
methods invoking (a) diastereoinduction of ferrocenes bear-
ing carbon-based2 chiral auxiliaries3 and (b) enantioinduction
using chiral lithium amide4 and alkyllithium/(-)-sparteine5

reagents. Availability of planar chiral ferrocenes with het-
eroatom-directed metalation groups (DMGs) has been limited
to enantiomerically puretert-butyl (1)6 and p-tolyl (2)7

sulfoxides for which preparation of enantiopure 1,2-disub-

stituted ferrocenes has been demonstrated (Scheme 1).8 As
part of efforts to expand the scope of the (-)-sparteine-
mediated enantioinduction of planar chirality into ferrocenes
beyond the promising amide DMGs (3, 4),5 we report our
preliminary studies on ferrocenyl sulfonates, which demon-
strate amplification of diastereoselectivity by induction of
planar chirality via amatched pairinteraction with a chiral
DMG (5, R* ) (+)- and (-)-menthyl).
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Scheme 1. Lithiation Diastereoselectivites of Ferrocenyl
Sulfur-Based and Carboxamide DMGs
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Cognizant of the pioneering studies on alkylsulfonate
DMGs,9 which showed that the SO3i-Pr DMG is more
powerful than the CON(i-Pr)2 DMG,10 we subjected isopro-
pylferrocenesulfonate6a, prepared from ferrocenesulfonyl
chloride11a (NaOi-Pr, Et2O, rt), to (-)-sparteine-mediated
metalation (1.05 equivn-BuLi/(-)-sparteine, Et2O, -78 °C)
followed by a TMSCl quench to give product7a in moderate
yield but low enantiomeric ratio (er) (Scheme 2).

Changing to successively bulkier alkyllithiums produced
an interesting trend:iso-BuLi12 provided7a in practically
racemic form, whereas employings-BuLi led to 7a in
substantially higher enantiomeric excess butwith the pref-
erential production of the opposite enantiomer. Repetition
of these experiments int-BuOMe afforded 7a in the
optimized 21:79 er. The same trend was observed for the
bulkier, branched 2,4-dimethyl-3-pentylferrocenesulfonate6b
(Scheme 2) and gave product7b.

We reasoned that the observed trend in er arose because
the protons on the Cp ring and the sulfonyl oxygens of the
DMG are necessarily diastereotopic13 in the transition state

leading to products. It followed that introducing a chiral
auxiliary would make these positions diastereotopic in the
starting material, thereby allowing amplification of stereo-
selectivity with (-)-sparteine. Notably, metalation of the
same compound without (-)-sparteine would constitute a
diastereoselective metalation akin to chiral sulfoxides (1,
2).14,15The (+)-(1S,2R,5S)- and (-)-(1R,2S,5R)-menthylfer-
rocenesulfonates (8aand8b, respectively) were chosen as
test substrates because of the commercial availability of both
enantiomers of menthol and the reported properties of (S)s-
(1R,2S,5R)-menthyl-p-toluenesulfinate.16

Metalation of (+)-(1S,2R,5S)-menthylferrocenesulfonate
(8a) (n-BuLi, THF, -78 °C), followed by a DMF quench
and NaBH4 reduction of the crude aldehyde (for ease of dr
determination), provided alcohol9 in an expectedly low 59:
41 dr (Scheme 3). Performing the same reaction with (-)-
sparteine in Et2O gave9 in improved 70:30 dr, and switching
to s-BuLi gave the opposite diastereomer in 39:61 dr,
mirroring the trend observed for6a and 6b (Scheme 2).
However, the same series of experiments on (-)-(1R,2S,5R)-
menthylferrocenesulfonate8b, to provide aldehyde10a,
showed augmentation from 75:25 to 87:13 drfaVoring the
same diastereomer. The reaction int-BuOMe afforded the
best diastereoselectivity (77% yield, 91:9 de), paralleling the
behavior6a.

The above results indicate thats-BuLi/(-)-sparteine
always seems to favor the same relative stereochemistry
during lithiation of both8a and8b. However, whereas the
combination ofs-BuLi/(-)-sparteine with8b constitutes a
matched pairresulting in amplification of diastereoselectiv-
ity, the combination ofs-BuLi/(-)-sparteine with8a is a
mismatched pair, leading to even poorer selectivity than that
obtained with achiral sulfonate6a. Interestingly,n-BuLi/
(-)-sparteine does not seem to make matched or mismatched
pairs with either8a or 8b, as its use augments the dr for
both products9 and 10a. The apparent ability ofs-BuLi/
(-)-sparteine to form matched or mismatched pairs with
chiral substrates8a,b may be tentatively attributed to the
chirality of s-BuLi itself, which upon complexation with (-)-
sparteine forms a reagent that may exist predominantly in
one of two possible diastereomeric forms.

In any case, extension to other electrophiles provided
products10b-e in moderate to good yields and in similar
drs (Scheme 4). The absolute configuration of phosphine10d
was established by single-crystal X-ray analysis,17 which
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Scheme 2. (-)-Sparteine-Mediated DoM of Alkyl
Ferrocenesulfonates

a Determined on a Chiralcel OD HPLC column and compared
to racemic material.
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revealed the 2-(R) absolute stereochemistry (Figure 1). The
identity of the crystallized sample was confirmed from its
31P NMR spectrum, which showed a signal (δ -21.7)
corresponding to the major diastereomer when compared to
the31P NMR spectrum of the initial diastereomeric mixture.

Metalation of the 2-TMS18 sulfonate10c (1.1 equiv of
n-BuLi, THF, -78 °C) followed by a Ph2PCl quench gave
the intermediate trisubstituted ferrocene that, without isola-
tion, was treated with TBAF19 to afford phosphine11 in
excellent yield and with a 90:10 dr as determined by31P
NMR spectroscopy (Scheme 5). On the basis of the X-ray

crystal structure analysis of10d (Figure 1) and31P NMR
measurements of both diastereomers10d and11, the 2-(R)
absolute stereochemistry is confidently assigned to products
10a-e. This result allows the preparation of the diastereo-
meric series of potentially valuable ferrocenyl sulfonates
10a-e, thus overcoming the commercial unavailability of
(+)-sparteine.
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Scheme 4. (-)-Sparteine-Mediated DoM of
(-)-(1R,2S,5R)-Menthylferrocenesulfonate

a Determined by integration of peaks in the inverse-gated13C
NMR. b Based on phosphine11. c Determined by integration of
peaks in the31P NMR. d Determined on a Chiralcel OD HPLC
column.

Scheme 3. (-)-Sparteine-Mediated DoM of
Menthylferrocenesulfonates

a Overall yield after reduction of aldehyde with 4.7 equiv of
NaBH4 in MeOH/H2O at rt.b Determined on a Chiralcel OD HPLC
column.

Figure 1. X-ray crystal structure of10d.

Scheme 5. Preparation of Phosphine11
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In conclusion, the previously established (-)-sparteine-
mediated DoM method for the induction of planar chirality5

has been extended to sulfonate DMGs. Amplification of an
otherwise low diastereoselectivity by induction of planar
chirality via amatchedchiral DMG/(-)-sparteine interaction
has been demonstrated for (-)-(1R,2S,5R)-menthylferroce-
nesulfonate8b. This new process, which differs conceptually
from diastereoselective2,3 or enantioselective4,5 induction of
planar chirality, may serve as a paradigm for the development
of similar reactions to induce planar chirality. Work to use

phosphines similar to10d in enantioselective catalysis20 and
to extend the methodology toN-cumyl ferrocenesulfona-
mides11 is under way.
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(20) In a preliminary study, recrystallized phosphine10d was tested as
a ligand for enantioselective Pd-catalyzed allylic substitution of (()-
phenylcinnamyl acetate (1.25 mol % [Pd(η3-C3H5)Cl2], 3.0 equiv ofN,O-
bis(trimethylsilyl)acetamide, 0.01 equiv of AcOLi, 3.0 equiv of CH2(CO2-
Me)2, CH2Cl2, rt, 24 h) giving alkylated product in good yield, but low
enantiocontrol (95% yield, 42% ee).
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