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An important motivation for research in the area of synthetic
host/guest chemistry is the desire to mimic natural biological
systems in order to understand them bettévlany kinds of Scheme 2
host molecules capable of distinguishing between two or more . ik, 6 .
guest molecules have been the subject of extensive studies. M. NH 5 N
Simple in concept but often most difficult in practice is oH C/CNH .
enantioselective molecular recognition in which a chiral host (CHals ’ RiH, 3 N
molecule selectively binds one of two enantiomers in a racemic R s
mixture? In contrast to these phenomena, a different type of
recognition event can be envisioned in which a chiral host 7
distinguishes between two enantiotopic groupsne and the |
same guest molecu{&cheme 1). ° Sy

A variety of reactions in synthetic organic chemistry using Ph, O & Ph
enzymegor synthetic chiral reagents and catalystsolve the
stereoselective transformation of enantiotopic groups with the [ j/
formation of chiral products. In some cases it has been ? Q
postulated that selective complexation of one of the enantiotopic K/O\)
groups by the enzyme or chiral reagent occurs prior to the actual .
reaction, but to date no direct spectroscopic evidence for such
enantiotopic group recognition has been presented. Here weScheme 3
describe our efforts at illuminating this type of phenomenon.
Since it was known that certain chiral crown ethers bind chiral RiH, @ R,
ammonium ions enantioselectivalia hydrogen bonding?we (Cq v s =— . (cq
prepared thdis-ammonium triflatesl—3 to examine whether A o N A
proper chiral hosts such 4% complex one of the bN* groups NHa NHs @
selectively (Scheme 2).

Job plots obtained byH NMR spectroscopy confirmed that et el i
the stoichiometry of the relevant host/guest complexes is in all ' h
cases 1:1. For each of tHeisammonium saltsl—3, two
diastereomeric complexes withcan be expected, each provid-
ing a set of NMR signals. However, in all cases just one set 0

evidence ofpreferentialcomplexation of one of these groups,
¢ since these on time average become diastereotopic if any
complexation with the chiral host molecule occurs. Under these

signals was observed in thel and'3C NMR spectra at room diti litiing of the sianals of th + could b rod
temperature. While this would occur if the enantiotopic group conaitions, spiitting of the Signa's of the guest could be expecte
even if there were no selective complexation whatsoever. For

selectivity were 100%, a second and more likely explanation is hi in th £ thiei . i1
that rapid exchange of the guest molecules takes place, so that IS reason, in thé case o Sammonium saft.L no

the observed shifts are weighted averages. The observation O]conclusions could be reached as to whether enantioselective

two signals for, for example, the NH protons is not itself group recognition complexation was taking pla}ce even at low
' ' temperature. In contrast, upon reacting ¢rgeconfiguratecis-
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for one of the enantiomeric conformers®f The temperature  Table 1. **C NMR Chemical Shifts of Cyclohexyl Carbon Atoms
dependence of the NMR spectra reveals that the ratio shifts toin 3 and6a/6b

7:1 when the temperature is lowered B0 °C. At room compound temp(K) C-1 C-2 C3 C4 C5 C-60ufs)
temperature a rapid exchange on the NMR time scale is observed,; 300 514 514 270 2.8 215 270 00

involving 6a, 6b, and small amounts of the uncomplexed host 189 514 500 28.8 18.6 245 245 5.9
4 and guest molecule; such that the observed chemical shifts gggp» 300 51.1 51.1 274 191 224 258 33
are weighted averages. Belowd0 °C the rate of exchange is 190 49.1 496 270 164 226 241 6.2
reduced sufficiently (at 9.4 T) to allow the spectra of the 6a/6b° 300 510 51.0 27.0 185 227 256 4.2

individual complexes to be observed. THe andlf'C NMR aSolvent CROD, dc rel. solvent [CR: C (TMS) = 49.00].
signals at room temperature and those of the major component gignais of major component4/3 in ratio 1:1. Solvent CECly/
at low temperature were assigned using COSY, TOCSY,  CD,CN, dc rel. CD,CN [CDy 3C (TMS) = 1.30].°4 in 7.6-fold
and®C shift-correlated 2D NMR (HSQC) and HSQC-TOCSY  excess® " € Averaged signals.
spectrd. All the NMR experiments were carried out on a
Bruker AMX-400 spectrometer. Scheme 4

Above —40 °C, in the range in which rapid dissociation and NH,
recomplexation occurs, the recomplexation of the guest can take NH, 5

. . 4 5 6 1

place either above or below the plane of the crown ether ring. w+ :ﬁ +
On time average the same number of signals for the crown ether T2 o NHD el N"D
is observed as for the uncomplexed host molecule. At low
temperature the exchange rate is slow, and all atoms in the 6a 6b
crown ether ring are inequivalent. In the complex the guest chemical shifts of C-4 and C-564_s) is large; this shift
molecule retains the chair conformation. One of thesNH  difference results largely from different weightings of the
signals, shown by detailed study and signal assignment to becomplexessa and6b. In 6aC-4 isy to the axial NH*™ group
from the equatorial Ngf, is shifted strongly downfield on  and C-5 isy to the equatorial one while ib C-4 isy to the
complexation (1.96 ppm relative to the shift in the uncomplexed equatorial NH* group and C-5 i to the axial NH* group.
guest)® This shift, consistent with hydrogen bonding, indicates If there were no preference for either complex, then the weighted
that the main interaction with the host involves the equatorial average shift differencé,—s should be small. However, at 30
NHs* group of3. Little or no interaction occurs between the °C in the presence of an excess 4f(added to reduce the
axial NHs* group and the crown ether. contribution from uncomplexed guest molecules in the weighted

The chemical shifts of C-4 and C-5 in the cyclohexane ring average shifts)ds—s) is 4.2 ppm as compared with 6.1 ppm in
are a useful probe of the conformation in the cyclohexane ring. the free guest at low temperature. This corresponds to an
At low temperature the rate of ring inversion of the free guest enantioselectivity ota. 5:1.
molecule3 is slow on the NMR time scale, and six signals are ~ We next turned our attention to ttmeseconfiguratedbis-

observed in thel3C NMR spectrum. For the &e2-ax ammonium sal2 having two enantiotopic Nkt groups. The
conformer the chemical shift difference between C-4 and C-5 dynamic behavior oba/5b as shown by théH and3C NMR
is 6.1 ppm (see Table 1), since C-4if0 the axial NH* group spectra is analogous to that@d and6b, with dissociation and

and C-5 isy to the equatorial one. At room temperature in the rapid exchange occurring at room temperature, leading to
region of rapid inversion just three signals are observed, resultingaveraged spectra. When an equivalent amoudtisfused at
from rapid exchange between two equally weighted conforma- —83 °C, two signals for the N&t groups bound in the host
tions; C-4 and C-5 give a single exchange-averaged resonancemolecule were recorded in the NMR spectrum at 8.93 and 8.46
Also for the complexe$a and 6b we can safely assume that ppm in the intensity ratic¢ca. 2.5:1. Other signals in théH

the major factor in the shift differencé4_s) is the conformation and'3C NMR spectra also reveal the presence of two complexes.
of the cyclohexane ring (Scheme 4). Remarkably, in the Thus the chiral host binds one of the enantiotopic groups of
presence of the host molecule at 3D not only aresix signals the guese selectively. As in the previous case, the results do
observed for the guest molecule in tHF€ NMR spectrum but not allow it to be established whether the major complexais
the magnitude of the time-averaged difference between theor 5b.

In summary, we have presented the first direct spectroscopic
(7) (&) Mynott, R. unpublished results. (b) Rudolph, J. Dissertation, evidence for enantiotopic group recognition imasecompound

Universitd Bochum, 1995. i ; it ; ; ;

(8) To establish whether the complexed NHgroup is equatorial or axial fand enamlo.selecuve.m0|eCUIar recognition involving rapidly
it is necessary to assign the carbon and proton signals in the complexediNteérconverting enantiomers as guests.
guest molecule at 190 K; at this temperature all the cyclohexyl protons and ) . )
carbons are inequivalent. The assignment was achieved using data from Supporting Information Available: Temperature dependeft
2D NMR spectra. Cross peaks in the COSY spectrum allowed the methine NMR spectra oba/5b and*3C NMR spectra oba/6b (5 pages). This
protons vicinal to the Nbt* groups to be identified. Thit and'*C signals material is contained in many libraries on microfiche, immediately

of each CH group were identified in the C,H shift-correlated spectrum. : . . - " . )
Finally, the signal assignment was completed by determining the connec- follows this article in the microfilm version of the journal, can be

tivities of the methine and methylene groups using the HSQC-TOCSY and Ordered from the ACS, and can be downloaded from the Internet; see
COSY spectra. Th&C chemical shifts, which are similar to those of 1,2-  any current masthead page for ordering information and Internet access
diammoniumcyclohexane at low temperature, are fully consistent with the instructions.

ring having a chair conformation and reveal that the complexegigrbup

is equatorial. JA954183E




