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Thorpe-Ingold¥h & The Thorpe-Ingold effect.
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We all learn as part of our training in Organic
Chemistry that there is a Thorpe-Ingold or gem-diaryl
effect, increasing rates and equilibrium constants of

cyclization reactions (Fig.])').
HE AR

Generally less well recognized is the related gem-diaryl
effect, which plays an immensely important role in mod-
ern enantioselective synthesis. Two geminal aryl groups
(mostly phenyl) on a carbon or on a heteroatom greatly
restrict the conformational mobility of a molecule,
increase the rates of cyclizations, and stabilize cyclic,
including metal-chelate complexes, vs. non-cyclic deriva-
tives; in a chiral molecule, the two geminal phenyl
groups are diastereotopic and generate a distinct chiral
environment (see the “propellers” in Fig. 2 and 3). The
best-known examples are Noyori’s applications of
BINAP complexes in catalytic enantioselective syntheses
(Fig.2, bottom, left)”, which have been so successfully

applied in large-scale productions by the Takasago

Company.
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gem-Diphenyl groups on phosphorous create a chiral environment in a
BINAP and a DPPBA Pd-complex.
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Another illustrative, and at the same time illustrious
example is Trost’s DPPBA-type ligand, the two
diastereotopic phenyl groups of which have been called
“flap” and “wall” (Fig.2, bottom, right)”.The probably
most versatile chiral auxiliary system containing gem-
diaryl groups is the family of TADDOLs (Fig, 3)%, As is
evident by inspection of Fig. 3, the diarylmethanol
groups in TADDOLs are conformationally fixed, i.c.
they are hardly able to rotate without causing massive
“steric bumping”. This also means that the two het-
eroatoms (oxygens in Fig.3) attached to the Ph2C-moi-

ety are generally forced to be in close proximity.

TADDOLS are prepared from (R,R)- or (S,5)-tartrate
ester, any aldehyde or ketone, and any aryl-Grignard
reagent; the OH-groups of TADDOLs can be readily
modified (—OR, OX) or nucleophilically replaced
(—halogen, N3, NRR’, N=CRz, OOH, SR, aryl), so
that an almost infinite number of analogs and derivatives

is readily accessible. Furthermore, simple styryl deriva-
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The prototypical TADDOL with four CeHs
groups and a P-derivative, in which the
TADDOL-propeller generates a bis-
diphenylphosphino propeller moiety.
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tives and TADDOLs with four Frechet-dendrons, carry-
ing peripheral styryl groups, have been prepared for
incorporation in polymers, and suitably substituted
TADDOLSs have been grafted to porous-silica surfaces

(controlled-pore glass = GPC) for immobilization.

The Newest application of TADDOL derivatives is their
use as catalytically employed Bronsted-acids in hetero-
Diels-Alder-reactions and in additions of enamines to
nitrosobenzene (so-called “organocatalysis”, Fig.4)>7).
The cartoon-type presentation in Fig. 5 (left) indicares
the arttack trajectory of nucleophiles on Ti-bound, acti-
vated electrophiles, in the space between the guasi-equa-
torial and the guasi-axial aryl group of an (R R)-TAD-
DOL complex; according to the many X-ray structures,
by the Toda-group,® of TADDOL inclusion compounds
this is also the space, where the Bronsted-acid-activated

electrophiles are hydrogen-bonded (Fig. 5, right).
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Examples for the use of the 1-naphthyi-derived TADDOL as Bronsted-acid catatys:
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Fig.5

Cartoon model for the attack of nucleophiles on Ti-TADDOLate chelated
electrophiles (left) ¥ and X-ray structure of the hydrogen-bonded complex
between TADDOL and (S)-3,4,4,5-tetramethyl-2-cyclohexen-4-one {right) 8,

I W
Since our first report on TADDOL? numerous applica-

tions of the “magic diarylhydroxymethyl group”® have

appeared, some of which are alluded to in Fig. 6.
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lllustrative examples of the use of diphenylmethanol groups in chiral lig-
ands and reagents. For references see the review “) with supporting infor-
rmation and do a search for TADDOL in the SciFinder data base.
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DIOZ and its derivatives (center] and products of C,C-bond-forming reac-
tions (clockwise): aldol addition, Mannich-reaction, Michael-addition to
nitroolefins, Diels-Alder reaction, conjugate addition and nucleophilic addi-
tion of lithiated N/S-acetal to a chalcone and a ketone, nucleophilic addition
of lithiated N-allyl- and N-propargyl-oxazolidinone to ketone and aldehyde.

As a recent example, we present our improved Evans
auxiliary DIOZ, a gem-diphenyl-substituted oxazolidi-
none derived from valine (Fig. 7)'""¥, The compound
had actually been described before, both in the chemical
licerature and in a Japanese patent'®, and it was first
offered commercially by a Japanese company'”. DIOZ’s
advantageous application as auxiliary for overall enan-
tioselective @ -branching of achiral carboxylic acids was
first described independently by us'” and by Gibson e
al'®, but its real virtues became evident only in exten-
sive investigations by 7obias Hintermann'", Meinrad
Brenner, and especially Christoph Gaul'? 7, in their
Ph.D.-thesis works at ETH Ziirich. DIOZ also turned
out to be the reagent of choice for a general, prepararive
access to f/*-homo-amino acids, and thus to certain /i-

18} 19)

peptides
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The gem-diphenyl effect in (5)-DIOZ is best discussed
by looking at Fig. 8, in which 27 X-ray structures are
superimposed'?. Clearly, the two geminal diastereotopic
phenyl groups occupy a quasi-axial and guasi-equatorial
position on the folded five-membered ring (¢f the pro-
pellers of TADDOL and of the bis-diphenylphosphane
complexes in Fig. 2, 3 and 5). The guasi-equatorial
phenyl group exerts a buttressing effect on the confor-
mation around the CH-CH(CH3)2 bond: only the ter-
tiary hydrogen atom of the isopropyl group can point
towards this phenyl group; in ca. 100 crystal strucrures
of DIOZ derivatives we have seen only four, in which
one of the methyl groups is oriented towards this ben-
zene ring; thus, the #propyl group in DIOZ mimics a #
butyl group, in its shielding effect on one of the oxazo-
lidinon-ring faces (¢ the #leucine-derived oxazolidi-
none). On the other hand, the quasi-axial phenyl group
is in the way of one of the nucleophile-attack trajectories
of the oxazolidinone carbonyl group, just like the iso-
propyl group protects the other one; this is in agreement
with the lack of addition to this C=O group, even by

strong nucleophiles such as BuLi.

Fig.8
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Overlay of 27 X-ray structures of (S)-DIOZ derivatives. The
i-propyl group is a “pseudo”-t-butyl group disfavoring
approach of reactants from the top face of the DIOZ-
derived nucleophiles or electrophiles (see Fig. 7). The i-
propyl and the quasi-axial (Si) phenyl group hinder nucle-
ophilic attack on both faces of the oxazolidinone carbonyl
plane.
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We are sure, that there will be many more applications
of the gem-diaryl effect in stereoselective synthesis. From
these applications we will learn to better understand, to
which extent charge-transfer and m-stacking interactions
are involved between the aryl groups and reactants —
limiting or enhancing selectivities.

(The Federal Institute of Technology (ETH) in Zurich,

Switzerland)

# Professor Dieter Seebach was awarded the 2004

Noyori Prize.

[ The Noyori Prize ]

The Noyori Prize was established by the Society of Synthetic
Organic Chemistry, Japan (SSOCJ) in 2002 to commemorate
Professor Ryoji Noyori's winning of the 100th Nobel Prize in
Chemistry as well as the 60th anniversary of SSOCJ. The prize is
sponsored by Takasago International Corporation, with whom
Professor Noyori has done much joint research over the years.

LTWET,
The prize is an international award given to one individual each
year, regardless of age or nationality, who has made an out-
standing contribution to research in asymmetric synthetic chem-
istry, defined in its broadest sense.
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