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ABSTRACT

It is surprising that chiral cations have not been used to distinguish between prochiral hydrides when converse notions, such as asymmetric
addition of a hyride to a prochiral functional group or use of a chiral anion to distinghish between a pair of prochiral protons, are methods
employed everyday in enantioselective synthesis. To the best of our knowledge, this Letter describes the first example of an oxidative
enantioselective hydride transfer process.

Hydride transfer [H-T] from an organic substrate to a cation
is a fundamental oxidation mechanism in organic chemistry.1

The reaction is thought to occur by an ion transfer, or a single
electron transfer [SET] followed by loss of [H+] and another
[SET], or some combination of these processes. The exact
pathway depends on the steric and electronic attributes of
the hydride donor. The majority of reactions involving [H-T]-
oxidation have utilized Ar3C+ as the oxidant. Trityl salts
corresponding to [BF4-] and [PF6

-] dehydrogenate various
types of ethers and ketals to carbonyl compounds,2 promote

the formation of lower energy cations,3 convert enol ethers
and enamines to enones,4 and are often used in conjunction
with organometallic substrates to increase thehaptonumber,
η, of metal atoms such as Fe,5 Cr,6 Mo,7 Rh,8 Ir,8 and Pd8 in
their respective metal complexes. In principle, each of these
processes could provide optically enriched chiral material
by subjecting a particularmeso or achiral substrate to
oxidation with a chiral surrogate of trityl cation.

† During the preparation of this Letter, we learned the Stephenson
research group [University of East Anglia, Norwich, UK] was working on
a similar concept and is establishing a method to recycle chiral *Ar3CH
into *Ar3C+.
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Because tricarbonyliron complexes afford excellent dia-
stereomeric control for the stereospecific preparation of
quaternary carbon stereocenters from species similar to4,9

our preliminary efforts have focused on the transformation
shown in Figure 1.

We began our investigation with the only known example
of a nonracemic trityl cation surrogate. Chen, using Snatzke’s
nonracemic ketone(+)-8,10 had reported the preparation of
several chiral trityl species, by implementing Dauben’s
procedure11 (HX + Ph3COH + propionic anhydride) with
10 or by combining Me3O+SbCl6- with derivatives of the
methyl ether11. Chen subsequently described the effective-
ness of carbenium ions12-16 and 2-3 as catalyst for
Mukaiyama-type aldol reactions.12 From the malleable
synthesis of these species, we concluded that a range of chiral
cations would be accessible from this sequence and that the
capacity for hydride abstraction as well as the enantioselec-
tivity of this event could be tuned by choice of the
substituents introduced through9.13 Although no X-ray data
have been presented in regard to the conformation of12-
16and2-3, we surmised after extensive molecular modeling
that the top and bottom hemispheres of these chiral carbe-
nium ions are identical because ofS2-symmetry about the
seven-membered ring. Thus, only one side of the cation need
be considered when contemplating combination with1.14

Furthermore, it appears that theS2-[R,R] stereocenters confer
a new element of asymmetry on the carbenium species,
establishing the direction of inclination of the blades in the
phenyl propeller (Scheme 1).

Our intentions in regard to1, however, limited the
counterions available to us and precluded several of these
from further consideration. The explosive nature of perchlo-
rates barred examination of12. The poor hydride affinity of
the [SbCl6-] species excluded14-16.15 Thus, we focused
our attention on the [OTf-], [BF4

-], and [PF6
-] cations13,

2, and 3, aiming to construct these along with their
counterparts to15-16. While2 and3 formed smoothly as
reported in the literature,12a 55% and 79%, respectively, in
our hands, we were unsuccessful in preparing the [OTf-]
13 or the [BF4

-] and [PF6
-] derivatives corresponding to15

and16.16

To test the capability of2-3 for the enantioselective
hydride abstraction proposed in Figure 1,1a and 1b were
constructed using a procedure outlined by Stephenson.9a

Commercially available hydroquinone ethers were subjected
to reduction using lithium in ammonia. Diene17 emerges
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Figure 1.

Scheme 1
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in 97% in 2 h, while18 forms in 60% after 6 h. Refluxing
17 [0.1 M in ethanol-free CHCl3] with (Ph3P)3RhCl [0.1
equiv] affords a 3:1 ratio of conjugated and nonconjugated
dienes. Subjecting this mixture [0.1 M in refluxing Bu2O]
to Fe(CO)5 [2.1 equiv] yields themesoη4 iron diene complex
1a in 74%. In the case of1b, the best overall yield is obtained
if (Ph3P)3RhCl is omitted from this sequence (18f 1b
directly in 20% yield with Fe(CO)5).

Thesemesoη4 iron dienes1a-b were then subjected to
hydride abstraction with chiral cations2-3. Because [H-T]
occurs opposite the metal atom, only theexohydrogen atoms
[Hx and Hx′] are eligible for abstraction. If4 is optically
enriched, then the chiral cation has differentiated between
these atoms. The selectivity can be determined by exposing
4 to aqueous NaHCO3 which yields the chiral ketone5 that
can be purified by chromatography and analyzed by chiral
stationary phase HPLC using a Chiracel OF column.

The enantiomeric excesses obtained in this stoichiometric
procedure are shown in Table 1. These reactions led to5a-b

in comparable yield [60-70%] and enantioselectivity [43-
53%]. Increasing the size of the ether substituent caused a
slight increase inenantiomeric excess, but the conversion
proceeded in a lower overall yield.To the best of our
knowledge, these results are the first report of an enantio-
selectiVe hydride abstraction.This selectivity supports the
idea that [H-T] in tricarbonyliron complexes proceeds
through an ion transfer rather than an [SET] pathway.17

Circular dichroism spectra were recorded for theη4 iron
dienes5a and 5b. A positive value of∆ε at λ ) 354 nm
empirically establishes the absolute configuration of products
afforded from (R,R)carbenium cations2-3 to be predomi-
nately in the2R,4Sconfiguration.18

We speculate that the difference in the angle of inclination
for theA andB aryl rings regulates theenantiomeric excess
accumulating from the essentially linear transition state19‡.14

The three groups adjacent to the C-H donor atom [cf.20]
align with the chiral cation so as to minimize nonbonded
interactions. The outcome observed results when the largest
group adjacent to the hydride donor atom, theendoH and
more importantly the tricarbonyliron moiety in1, overlaps
with [Hb] of the cation. The medium sized vinyl ether residue
of 1, in turn, extends over [Ha] of the cation, while the
methylene, the smallest group adjacent to the CH donor atom,
is directed toward the seven-membered ring (Scheme 2).

We believe that our efforts may have revealed a useful
asymmetric transformation. In due course higher enantio-

selectivities should be achievable with1 as well as other
types of mesosubstrates using less than a stoichiometric
equivalent of the chiral carbenium ion.
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Table 1. ee Afforded for1a and1b

entry substrate cation product yield, % ee, %

1 1a 2 2R,4S-5a 62 43
2 1a 3 2R,4S-5a 71 46
3 1b 3 2R,4S-5b 65 53

Scheme 2

Org. Lett., Vol. 3, No. 4, 2001 559


