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Cne of the monst efficient af mamy approaches
v thee enantinselective preparation of a small
micdecule 1 o use a catalysr that i irself chiral,
wsualhy enmiprising a chiral group, or Ligand,
howna boa central metal atom. Bt chermsts
ahility e predict the structure of a ligand that
will belp 10 synthesize 2 product with high
enangiosekctivityislimited. This s hocause the
dll'hmmlnth:slmnt'mnwrgvhamcrslhw
st he overerme to foem each enantiomer
even in substantalby different amounts — is
typically small relate ot sizeof the bamiers.
[n practice, ligands are often tested byl and

erro. Unifortumarely, the sdective synthesis of

ancenantomerala ligand is isdfeballenging,
and the synthesis of a series of such ligands i
wsusally the showest step n Lhe develapment of
enantioselective catalysts mess theretore
depends on the improved abiliey @0 contrel
small differences in energy, on developing
hetter methods to produce single enartomers
of chiral ligands, or on developing sapproaches
that lypass, at least partially, the need
prowduce sephisticated chiral liganda

Comsequiently, the foows of some effarts b
design enantinsdective catalysts bhas in recent
vears shifted away from charal ligands and
towards achiral ligands. These ligands are
either hound to the central metal atorm ot the
catatyst, like a chiral ligand, or can adopt a chi
ral arrangement at the appaopriate stage in the
catalytic cycle (for a review of these develop-
mients, see fefs 5, 6). Such appreaches in effect
authdivide the catalysrs stroenure, and allosw
poeces of the catalyse o be varied ina moda-
lar fashion, instead of varving portaons af
while malecules that must be made ane
atatime

Several vears age, Walsh and co-workers
d:rmmrﬂﬂ\:lg:rrmplummmnining
hath an achiral and a chiral ligand react with
higher enantioselactivity, and at higher rates,
than diveomplesies contaming oaly the cliral
ligand™ Varying the size and shape of tse
acharal catalyst components — much 23 ane
might vary the shape and sive of the (achiral)
fimgers on a {chiral} hand 1o accoarplish an
intricate physscal task — leacs 1o large swings
in the exoess of one enantiomer product over
the neher. Tt can even cause the enantiomer
formed using the same combination of zine
and chiral ligand to switch from lef-handed
o might-handed, or vice versa. Even higher
enantinseleetivity bas been demonstraned by
reactions conducted with zine binalate eorn-
plexes in combination with a ligand that is
achiral when free from the s@nc, bt chiral
when hound”. such combinations af chiral
and achiral ligands should allow the
parallel synehesis of families of potengially
enantisselactive catalysts,

These techniques have now been used ™ i
develop catalysts for lydrogenation, the most
eomimion class of rection fior preparing single-
enangiomier drugs. Rhodinm complenes hound
Ty twes separate chiral ligands catalyse bydro-
gunation reactions with emantinselectivities

rivalling these achieved by catalysts compris-
ing twn ligands tethered ogether Sagnificantly
for practical applications, derivarives af thse
new catabyars can be prepared siply by mix-
ing twn different chiral ligands, or a chiral and
an achiral bgand, with the rhodinm catalyst
[TCCIITSO,

T a simnilar vein to thevenrk™ ™ an zinc com
plexes, Rectz and 117, writing in Angewanate
Chirie interrational Fdition, investigate the
forrnatson of catabysts thatcombine a variety of
phospharas-hased chiral and achiral ligands
[ the s journal, Feringa and eolleagues
(Hoen etal 1 fociis on acombination of chiral
phosplaramidice and acharal wrtkary pheos-
phane ligands. Both groups find that, as with
zinc complexes, enantieselectivity is in some
«cases hi in the presence of achiral ligands
than ing:;zhwz'. ]

Rectz and 13" take this design further by
combining a sngle erantonmer of a chiral phos-
phite ligand with 4 second phasphite that is an
aquial, ‘racemic’ mixnire of two enantionerie
confoenabionswhin free in solution. They find
that the sirgle enantormer of one chiral plaos-
phite can dictate the chiral configuraton af the
second phesphate; thee combination of thise v
ligarids cam then prefercneially form one enan
timer ot the reaction product. Theauthiors use
this [rncess to penerate chiral amines, which
are substructures of 2 host of pharmaceutical
canddates, frorm ydmgenation of an enarnide,
with high erantissdectivity,

Although the foeus on varying both chiral
and achiral ligands is res, st harrows from the
lirst successes in enantioselective catalysis.
“There, the enantioselectivity ol a catalyst was
[:,n.m.n“l'mnhdhxlhvwnﬂnga:hlm'lmm
panent groups, such as Hat henzene-like arm
matic rings, in a chiral ligand. The army of
anvmlicringscn:-abrdadﬂmlohﬁﬂmmhas
flat propedlers — themselves syrnmetrcal and
superimiposabile [and soachiral] — enmbane

tar b a sprometrical, buk non-superimpos-
able (chiral} object such as a ceiling fan. The
sz and the shape of these aromatic propeller
Iabadkes affect the chiral stracture of the metal
active aite and so the enantioselectivity of
the catalyst.

The devedopments oulined e,
and athers", which comhine a chiral lipand
with a second achiral lipand, devel ot
of attemipes i avoad rhj:h'\rieuu and time
consuming nature of the sequential modifica-
tinn of these achiral grovps. This simplified
appraach to preparing catalysts for cnantio-
selective chemistry signifieanthy increases the
by of caralysts that can be wested. The
chances of discenvering highly enantiosdective
catalysts for wseful chemical reactions —
imcluding those for develaping new drugs
are thus vasthy increased L]
John Horteig e tha Dapartment of Chemistry,
¥ale University, PO Box 208107 New Haven,
Connectiont 36520-R107, LS A,
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Imaging at a distance

Siegiried Stap

Magnetic resonance imaging is often limited by the need to encode
information and acquiire the resonance signals in lese-than-ideal locations.
Performing these two steps at different places provides a solution.

Nudear magnetic resonance { NMR) isan out-
standinghy versatile technique, used across the
sciences. The hasic principles — manipulating
the nuclear spins af stoms in a sample by
ieans of radio waves and magnetic fields, and
recording the resonance signal obtained —
«can heapplied to provsde infornsation in wach
disparate fold s a8 cherstry and medical deag-
nostics. Yot the method has its limitatons,
leaningg seope for further inrewation. COne such

adhvance, reparted in Pl sical Review Letters',
shems from thuwwknl‘?imnndrn'llmgm-&
The problem they have tackled is that of
ohtaining sharp irmages of flud flow inside a
o, Snudies of this kind of sample are imited
by thee many interfaces and, in somecases, the
mwetal content of natural rocks, which bend
the applied nagnete field and blur the

tic resonance i » DM s vsed in
Dll; ld praspecting an 3 prowvides valualale
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Fliguira 1| Rt cbirdubicticn NMR. &, In thicapprach, the frs stop (e
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iiom of aprirs in the sl by e encoding coil) is separated in space From the second

step | detection afthe resanance signal in the detector cail). b, Reslis from an expriment on arack sample’, Following spin manipukiion of the gas misture
imside the eniire 36-mmn-bang sample, spin-demeity images (red) were acquired at different time delays ai the remaoie detecior dewnsiream from the sample’s
end. Shart delays indicare molosiles dose 1o the sample auter; increaing delays hring thase from near the inletintaview. In thiz way, the pamers of fuid
residence mes, and heterogeneities melng o fraciures or icolased pores, cam he deduced. (Figure madified from ref. 1.}

infornsation aboat the oil and water conbent
al rocks. But taking a coser loak at the fuid
distribution remains a dafficult 1ask, even
under lahoratnry conditions,

Similar ohstacles dog the application of
WAIR tosamiples that arevery lirge, verysniall
or highly diluted, and researchers have long
tried to adapt their hardware to cope with the
fuedd distortions induced by such samples.
Purves and colleagues’ have previously ques-
moned the vicw that the whole NMER pro-
cedure needs o take place in one location.
Theev aimmed at altaining a sharper view af the
absiect under ﬁur}lu by the counterintuitive
approach of moving away from it, The twa
mp‘nfnum[.\uhhng'hn.s:puns:ndncnu:nng
the resonance signal are usually combined
i the MMR apparatus, bt in the anthors'
‘remote-detection’ approach they are sepa-
rared not onky n tinse, bt also in spaee. Exei-
ration of the apirs occurs atone place and the
sigmal is collected at a different location, with
miagnetic fields and detectors independently
ururulmd|n1hLEmnatLrummmuJ.s|H,nnl
quality (Fig la).

Far their latest work’, Pines and colleaguies
poined forces with rescarchers st Schlum-
berger-Taall, a company that provides tech-
nical advice and NMR hardwars for the ol
sty The sarmple they nsed was a snall
evlinderafsandsone rock, 20 min in diameter
and 38 mm bong, and the s fuid wasa gas
miture that included the isotope xenon-129,
In the first stage af the procedure, the nuclear
spans in the pas were manipulated inside the
encoding ol by a combination of mdio
froquency pulses and varying magnetic-field
gradients. As a result, the gas had a “memory’
af its position at the time of spin encoding.
In thie sevond step, fuid fow carried the gas
througl the sample and then past a snall,
highly sensitive detector enil. wherethe siored
WAR information was collected.

Moably, theauthors modified their orginal
concept by exploiting the information con-
tained in the travelling time 1o the detecter.
Each image acquired with a particular delay
provides a snapshiot o the fluid distribution a0
the corresprnding instant (Fig, 1), The mal
actiles closest to the sample outlet ase the first
v pass the detector conl; by contrast, those
wrapped in dead-end rock pores rensin un-
detected, and 5o beterogeneitics in the pone
apmce can be wdentified.

The ultimate goal of this particulas line of
research is 1o be able 1o perform such experi-
ments in the field. Ty lowering an entire MMR
spectromieter inside a small borehole, the resi

ce-time distribution of a fhid inside the
rock might identify pockets of ol thar weoald
e b oty tio reomen So the kechnique could
potentially provide more eomgplete infoema-
o thian can be ohtained by even a full theee-
dimenstonal rendering of the pore apaee
Probilems 1o be overenme belare this goal can
be achieved include the small space available
for the probe and the limited timeframe for
executing, the measurement while drilling,
The currenthy used inside out configuration
for BIMR — where the sample i omtside the
instrument — can be mndified by Pines and
colleagues’ nwn-coil design so that the ather-
wise weak signal 1 concentrated ' intoa saall
and efficient receiver codl.

Although the experiment sed gas as the
et Thad, liguids could be uied. However,
xenon gas bas the advantage of ensuring that
the spin magnegization has a long enough life
tame to survive the transport process. More
awver, Tenon- 15 s extremely sensitive to its
modecular environment and its spin polariz-
ton can be boosted dramatically by oprical
methosds!, making ita popular tracer in NMR
amdies. The distributions and transport prog-
erties of gases, however, are notariously diffi-
cult b by convertsonal appreaches

Therause of ther bow density, and here thie twa-
enil design pays dividends because the gascan
becallected maade the sample.

The concept of remnote detection is bein
explored further, opening up ather rmsslg
hilities. For instance, iming MR with
advanced spin-detection tm‘l'.nfﬂaglus., such as
using superconducting quaritum interference
e, or SOUIDS™, heonons feasible. Such
a proapect bad previcusly seemed unproams-
ing becanse of the restrictions of comventional
NME conditions. More achievalde applica-
tems might exploat the advantages af amall
magnetic fields for the encading step’; even
Farth's weak magnetic field can suffice’,
because magnetic couplings between nuclei
are independent of field strength and hecome:
the dominant sparce of information about
mibecular seructure in swall external fiekds.

Farsalhy, MMR rernote detection s promis-
ing applicatioms in chemical engineering. Here,
thie same sssue af the imaging of flow through
tiny channels perurs i:‘:ﬁ‘ngcmmnuﬂxl
im fine chemical synthesis. Recenthy, Pines and
colleagues have monitored fluid residenscs
times inside a microreactor, and find that the
remote-detection approach might well e used
toeoptimize transpart and reaction efficiencyin
anch microetructured devices”, L]
Sregfned Stapdis at the Institete of Techracal
Chemistry 2nd Macrmolecular Chemistry,
EWTH Aachen, 53078 Aschen, Genmany,
e-mail: sstaphiomc rwikeaachende
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