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Di-(R,R)-1-[10-(1-hydroxy-2,2,2-trifluoroethyl)-9-anthryl]-2,2,2-trifluoroethyl
Muconate: A Highly Chiral Cavity for Enantiodiscrimination by
NMR
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A new chiral molecular tweezer, dR(R-1-[10-(1-hydroxy-2,2,2-trifluoroethyl)-9-anthryl]-2,2,2-trifluoro-

ethyl muconate, was synthesized in enantiopure form, and its geometry was studied using NMR and
molecular mechanics. The effectivenes®afs a chiral solvating agent for determining the enantiomeric
composition of chiral compounds using NMR was demonstrated, improving the results obtained with
other methods. The stoichiometry and the association constant of the resulting diastereomeric complexes
were studied, and their geometry was analyzed by NOEBNNMR.

Introduction are cyclodextrinkand crown etherIn this case, steric effects

) ) are highly significant. Moreover, noncyclic compounds with
NMR spectroscopy is one of the most important methods for a1y sized cavities, which are frequently termed molecular

analyzing chiral molecules. A wide variety of enantiodiscrimi- ea76rs or clips, proved to be effective as synthetic receptors.
nating agents have been developed to determine the enantiomeriq ;s kind of compound is characterized by having two planar,

ratio .(er)L and/qr assignment of absolutg configuratfon. aromatic groups, separated by a semirigid spacer, which
Chiral solvating agents (CSA) are optically pure compounds gnnances the selective binding with aromatic guestszby

that bind in situ to the substrate through noncovalent, inter- ;e ractiond Though a large number of molecular tweezers have
molecular forces, usually under conditions of fast exchange paan developed, only a few examples of chiral molecular
between the bound and the unbound fofn¥he associated '

. ) ) . tweezers can be fourfd.
complexes of a pair of enantiomers with a CSA are diastereo-
mers and are the source of discrimination in the NMR spectrum.

Enantiodifferentiation can r f different intrinsi (4) (a) Kano, K.; Hasegawa, H.; Miyamura, Khirality 2001, 13, 474~
antiodifferentiation can occur because of d e.e tint .S c 482. (b) Kitae, T.; Takashima, H; Kano, Kaclusion Phenom1999 33,
spectra of the complexes or because of the different time- 345 359

averaged solvation environments caused by unequal association (5) (a) Bang, H.; Edwards, J. O.; Kim, J.; Lawler, R. G.; Reynolds, K.;
constants. Ryan, W. J.; Sweigart, D. Al. Chem. Soc., Perkin Tran 2001, 1685~

1692. (b) Wenzel, T. J.; Thurston, J. E.; Sek, D. C.; Joly, Tetahedron:
Common CSAs are doneiacceptor compounds that can Asymr1(1e)try2001 12 1125-1130. y

participate in hydrogen bonds ar interactions. Some chiral (6) Harmata, MAcc. Chem. Re004 37, 862-873.

solvating agents are host compounds, the most known of which _ (7) (&) Mas, T.; Pardo, C.; Salort, F.; Elguero, J.; Torres, MER. J.
Org. Chem2004 1097-1104. (b) Potluri, V. K.; Maitra, UJ. Org. Chem

200Q 65, 7764-7769. (c) Harmata, M.; Barnes, C. L.; Srinivasa R.;

(1) Gawlay, R. EJ. Org. Chem200§ 71, 2411-2416. Elahmad, SJ. Am. Chem. Sod 994 116, 8392-8393. (d) Legrand, S.;
(2) (@) Wenzel, T. J.; Wilcox, J. DChirality 2003 15, 256-270. (b) Luukinen, H.; Isaksson, R.; Kilpé&lzen, I.; Lindstfan, M.; Nicholls, I. A;
Parker, D.Chem. Re. 1991, 91, 1441-1457. Unelius, C. R.Tetrahedron: Asymmetr®005 16, 635-640. (e) Tanaka,

(3) Pirkle, W. H.; Hoover, D. JTop. Stereochenl982 1, 263—-331. K.; Ootani, M.; Toda, FTetrahedron Asymmetnt992 3, 709-712.
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SCHEME 1. Synthesis of Ester 2

O, OH
v DCC, DMAP
2x * _—
J CH,Cl,
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The aim of this work was to develop a chiral molecular
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bonds resulting in broad resonances of protonsHd, Hs, Ha,

tweezer which could be used as a chiral solvating agent. TheHs, He, H7, and H;, as has been observed already for other
new compound would be formed by two aromatic chiral anthracenylalkylcarbinols such as ABP£2

moleculesp,o-(bistrifluoromethyl)-9,10-anthracenedimethanol

Taking into consideration that the main conformation of the

1(ABTE), bonded and separated by a spacer, which would allow benzylic bond keeps the-€CF; bond in a perpendicular position

a chiral cavity to be formeda,o'-(Bistrifluoromethyl)-9,10-

with respect to the anthracene plane, two low energy conforma-

anthracenedimetharfdias been proven to be a highly effective tions for each substituted anthracenic group are possible. In one
CSA because of the presence of two chiral groups which containcase, both Cfgroups are placed on the same face of the
acidic hydroxyl groups that are capable of forming two hydrogen anthracene (cisoid conformation), and in the other they are on

bonds with the substrate at the same tfh&milarly, the target
molecule will have two chiral hydroxyl groups, and its
concave-convex topology will also optimize the interactions
with the solute.

First, the enantioselective synthesis of the molecular tweezer

opposite faces (transoid conformation). Considering that each
molecule has two anthracenic groups, three different conformers
are possible: cisoid-cisoid, transoid-cisoid, and transoid-transoid
(Figure 1).

At low temperatures the internal rotation is frozen, and the

will be described and its geometry studied using NMR and relative conformations transoid and cisoid can be distinguished
molecular mechanics. Next, its enantiodifferentiation capacity and assigned at the proton NMR spectrum (Figure 2) by using

as a CSA will be assayed with different racemic mixtures and
compared with other efficient CSAs. Finally, the geometry of
some diastereomeric complexes will be studied in more detalil
to understand the enantiodiscrimination mechanism.

Results and Discussion

Synthesis and Structural Analysis.The spacer molecule
should have a length of-683 carbon atoms, to set a distance
between the pincers of the tweezer of about 7 A, which is ideal
for including a single aromatic gue’$tin addition, the spacer
should be a moderately rigid molecule, to hold the pincers in
an open conformation so they can be adapted to the substrate
to be recognized. Commercial muconic acdicafs,trans2,4-
hexadienedioic acid) matches these requisites and can be bound
to ABTE by an esterification reaction. F
R,RABTE was prepared in enantiopure form by the estab-
lished procedur@ and its enantiomeric composition (98%)
was confirmed by analytical chiral HPLC. DR(R-1-[10-(1-
hydroxy-2,2,2-trifluoroethyl)-9-anthril]-2,2,2-trifluoroethyl mu-
conate2 was obtained in a 62% yield by esterifyiRjRABTE
with muconic acid at room temperature, in the presence of DCC
and DMAP. §,S,S,52 can be obtained by an analogous
procedure fron5,SABTE (Scheme 1).
TheH NMR spectrum of R,R,R,R2 at room temperature
shows slow rotation around the%gp® (Co—Cy; and Go—Cio)

cisoid

Hia

(8) Pomares, M.; Sechez-Ferrando, F.; Virgili, A.; Alvarez-Larena, A.;
Piniella, J. FJ. Org. Chem2002 67, 753—-758.

(9) Estivill, C.; Pomares, M.; Kotev, M.; lvanov, P.; Virgili, A.
Tetrahedron: Asymmetr005 16, 2993-2997.

(10) (a) Endo, T.; lida, T.; Furuya, N.; Yamada, Y.; Ito, M. M.Chem.
Softwarel999 5, 82—-92 (b) Klarner F. G.; Lobert M.; Naatz U.; Bandmann
H.; Boese R Chem—Eur. J.2003 9, 5036-5047.

(11) Estivill, C.; lvanov, P. M.; Pomares, M.; Behez-Afs, M.; Virgili.

A. Tetrahedron Asymmet3004 15, 1431-1436.
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FIGURE 1. Vertical vision of the three rotamers dR(R,R,R-2.
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FIGURE 2. H NMR spectrum of R,R,R,lR2 in acetoneds at 250 K (c:

the information obtained from COSY and protecarbon
correlation spectra HSQC and HMQC (see Supporting Informa- &
tion).

The rotation barrier was measured %y DNMR performed
on the temperature dependence of protonard H and protons
Hs and H. The Gibbs energy of the process was calculated
using the Eyring equation obtaining a value of 14.5 kcal/mol
(Te = 320 K) for the Go—Cy2 bond, which is very similar to
the barrier calculated for ABTEThe value calculated for the
Cy—Cy; bond next to the ester group was slightly higher, 15.9
kcal/mol (T, = 335 K), as this rotation is more sterically
hindered. It is worth noting that compou@anly shows signals
in the aromatic region of the spectrum (6% ppm), leaving a
large spectral window for substrate signals.

The conformational equilibrium and th€, symmetry of
(R,R,R,lR2 made it impossible to obtain information about its
global geometry using NMR cross-relaxation experiments. For
this reason, we studied the conformational behavia? wfith
molecular mechanics (MacroModel package with MM3* force
field).!® Genetic algorithms, which were shown to be more
effective than the Monte Carlo method, were used in order to
explore the conformational space efficienthfFour low energy
conformations were found and two of them are arranged
concavely: the anthracenic groups are in front of each other,
perpendicular to the double bonds of the spacer molecule. The
resulting clip like geometry seems to enhance the selective
binding with aromatic guests (Figure 3).

Furthermore, diffusion o2 was studied by DOSY tech-
niques® obtaining at 295 K in CDGla diffusion coefficient of
8.25x 1075 cn?/s at low concentrations (25 mM). At higher
concentrations the coefficient decreases, resulting ik716-°
cn?/s at 70 mM. The slower diffusion is due to self-association
by compound2.

Chiral Induction Activity. The behavior of2 as a chiral
solvating agent was tested with several chiral substrates (Figure
4), all of which contained a hydrogen bond acceptor or donor

(12) Jaime, C.; Virgili, A.; Claramunt, R. M.; Lopez, C.; ElgueroJJ
Org. Chem 1991, 56, 6521-6523.

(13) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskam, R.; Lipton,
M.; Caufield, C.; Chang, G.; Hendrickson, T.; Still, W. £.Comput. Chem.
199Q 11 (4), 440-467.

(14) Nair, N.; Goodman, J. MI. Chem. Inf. Comput. Sdi998 38, 317—
320.

(15) (a) Brand, T.; Cabrita, E. J.; Berger, &og. Nucl. Magn. Reson.
Spectrosc2005 46, 159-196. (b) Esturau, N.; Sanchez-Ferrando, F.; Gavin,
J. A;; Roumestand, C.; Delsuc, M.-A.; Parella,Jl.Magn. Reson2001,
153 48-55. (c¢) Fielding, L.Tetrahedron200Q 56, 6151-6170.
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FIGURE 3. Low energy conformations o2 with absolute energy
values.

group and an aromatic group that allow#nteraction. Enantio-
differentiation of phenylethanedi@ and 1-(1-naphthyl)ethyl-
amine4 have already been studied with several other CSAs, so
the discrimination achieved can be compared. diké.-amino-
2-indanol6 is a building block for several chiral compounds
with applications in asymmetric synthesis and biologic sys-
tems!® Compounds7 and 8 are the active principles of
analgesics known as meptazitiohnd piketoprofen.

In all cases, the experiments were carried out by adding
portions of a CSA to a solution of racemic substrate (0.05 M)
until a maximum increase of nonequivalence was obtained. The
results obtained are summarized in Table 1. For all substrates,
S|gn|f|cant nonequivalences can be observed in several protons,
which allow the enantiomeric relatidfito be determined easily
by integrating the separated signals. Separations of more than
0.2 ppm at room temperature are obtained for the protans H
and H of compoundg! and5. These are especially high if we
take into account that the chiral auxiliary is only bound to the
substrate through noncovalent forces. Figure 5 shows examples
of theH NMR spectra of some substrates, after C5id added.

As illustrated, substrate signals move upfield because of the
complexatlon effect.

If the temperature is decreased enantiodifferentiation in-
creases, reaching almost 0.6 ppm fardfi5. The formation of
diastereomeric complexes is thermodynamically favored and at
low temperatures the contribution of the associated form to the
averaged signal is highér.

Nonequivalence could also be observed in@ spectrum
(Table 2 and Figure 6), which allows a better resolution to be

(16) Senanayake, C. Fldrichimica Actal998 31, 3—15.

(17) Spiegel, K.; Pasternak, G. W. Pharmacol. Exp. Thed984 228
414-4109.

(18) Gawley, R. EJ. Org. Chem?200§ 71, 2411-2416.
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FIGURE 4. Chiral substrates evaluated in the enantiodiscrimination tests.

TABLE 1. Maximum Difference of the Enantiodistintion A(Ad) of
Several Signals of thetH NMR Spectrum between Enantiomers of

3-5 When R,R,R,R-2 Is Added

A(Ad) (ppm)
substrate proton 298 K 250K
3 Hs 0.068
He 0.039
He 0.039
4 Hs 0.120
Hsg 0.176
Ho 0.238 0.374
Hwe 0.057 0.072
5 Hi 0.222 0.588
Hs 0.045
6 Hi 0.017 0.030
Ha 0.012 0.013
Hs 0.032 0.050
Hz 0.058 0.108
7 Hy 0.035 0.036
Hi 0.053 0.086
Hs 0.148
Hi1 0.021 0.038
Hi 0.017 0.039
His 0.091
Hig 0.040 0.066
8 Hg 0.086 0.158
Hg 0.189 0.255
Hi 0.031
a280 K.

obtained, especially of the aromatic zone. The high solubility
of CSA 2 in nonpolar solvents, in contrast to other arylalkyl-
carbinols, is a significant advantage working wific NMR or

at low temperatures.

The enantiodiscrimination obtained for compourddand 4

Study of the Association ComplexesTo understand why a
higher enantiodiscrimination is obtained, the diastereomeric
complexes of CSA with substrat8sand4 were studied in more
detail. First, their stoichiometry was determined using Job’s
method?® obtaining a 1:1 composition for both cases.

The binding constants were measured using the equimolar
method?! which is based on the variation of the chemical shift
with the concentration, maintaining a 1:1 ratio between the CSA
and the substrate. Under these conditions, the variatiakdof
analyzed as a function oA$/S)Y2 (S = concentration) results
in a linear relation A6 = —(0J/K)Y2 (A6/S)*3 (6. = chemical
shift of pure complex). We used pure enantiomers in separate
experiments to detect differences between both diastereomeric
complexes and avoid competitive processes. Tables 3 and 4
show the equilibrium constants obtained for the association of
(R-3, (9-3, (R-4, and §-4 with (R,R,R,R2 at different
temperatures.Only a few differences between enantiomers can
be observed. Furthermore, the valueKaéind AG energy are
very similar to those obtained foR(R-1.

This allows us to conclude that the large enantiodifferentiation
observed when R,R,R,R2 is used may be attributed to
differences in the geometry of the complexes rather than to the
thermodynamic factors. That is, because of the different relative
positions of each enantiomer of the substrate associated with
tweezer molecul®, the local magnetic fields induced by the
m-system on several nuclei of each enantiomer must be really
different. Moreover, the important differences obtained suggest
that very close species are formed in which the influences are
markedly increased.

To obtain information about their geometry, the diastereo-
meric complexes of},R,R,R2 with amine4 were studied with
NOE spectra using gradient selection DPFGNO&nd 2D
ROESY. When H and ChH of the (9-4 were saturated,
intermolecular NOE on H and H of CSA 2 was obtained.

was compared with the nonequivalence observed for other, These pairs of atoms should be close in space, assuming

recently developed CSAS, including CSA 1, which is the
starting compound d achieving a higher enantiodiscrimination.

hydrogen bond interaction between the amine group and the
hydroxyl group. The complex IR,R,R,R2 (R)-4] gave similar

Furthermore, a higher number of protons could be resolved. NOE results, which made it difficult to differentiate the

Table 3 shows the comparison with C3& Moreover, the high
solubility of 2 in nonpolar solvents increases its applicability.

(19) (a) luliano, A.; Bartalucci, D.; Uccello-Barretta, G.; Balzano, F.;
Salvadori, P.Eur. J. Org. Chem2001 2177-2184. (b) Nakatsuji, Y.;
Nakahara, Y.; Muramatsu, A.; Kida, T.; Akashi, Metrahedron Lett2005
46, 4331-4335. (c) Dignam, C. F.; Zopf, J. J.; Richards, C. J.; Wenzel, T.
J.J. Org. Chem2005 70, 8071-8078. (d) Uccello-Barretta, G.; luliano,
A.; Franchi, E.; Balzano, F.; Salvadori, .0rg. Chem1998 63, 9197—
9203. (c) Wilen, S. H.; Qi, J. Z.; Williard, P. G. Org. Chem1991, 56,
485-487. (d) Yanagihara, R.; Tominaga, M.; Aoyama,JY.Org. Chem

1994 59, 6865-6867.

complexes based on the NOE information.

The variation in the proton spectrum of CSA at low
temperatures after adding different amounts R4 or (9-4
was also studied. Important and different changes in chemical

(20) (a) Job, PAnn. Chem1928 9, 113-203.

(21) (a) Bouquant, J.; Chuche, Tetrahedron Lett1972 13, 2337
2340. (b) Raber, D. J.; Hardee, L. Brg. Magn. Reson1982 20, 125—
132.

(22) Stott, K.; Stonehouse, J.; Keeler, J.; Hwang, T.-L.; Shaka, A. J.
Am. Chem. Sod 995 117, 4199-4200.
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Hss H5R H9R Hgs HIR Hm
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FIGURE 5. Enantiodifferentiation in théH NMR spectra of substrate® 4, and5 before (A) and after (B) adding-13 equiv of CSA2.

TABLE 2. Maximum Difference A(Ad) in the 13C NMR Spectrum
Obtained for Substrates 3, 4, 5, 7, and 8 WhenR,R,R,R-2 Is Added

substrate carbon  A(A9) (ppm) carbon  A(A9) (ppm)

3 C 0.038 G 0.013
Cy 0.023

4 C, 0.158 G 0.323
Cs 0.076 Gue 0.102

5 Ci 0.346 G 0.111

7 Cy 0.290 G 0.093
Cs 0.382 Gs 0.029
Cs 0.092 Ga 0.028
Cy 0.028 Gs 0.082

8 Cy 0.032 Go 0.022
Cs 0.062 G1 0.085
Cs 0.053 G2 0.130
Cy 0.105 Gs 0.210
Cs 0.105 Gs 0.130
C¢ 0.082 Gs 0.056
C13 C16

WW"&/\H’W
L T | T 1 1 71 T 1 T 7T I L I T 1 1 71 |

139 138 138 137 ppm

FIGURE 6. Enantiodifferentiation in the'*C NMR spectrum of
piketoprofen8 after adding 3 equiv of CSA.

shifts of protons o2 were observed in both cases: while the
signal at 9.08 (i, Hsy) shifted upfield, the signals at 8.35 4
Ha4) and 6.7 (Hy) shifted downfield after complexion with the
substrate (Figure 7). Moreover, the signal of protonsdtifted
downfield only in the case of the complex]R,R,R2 (R)-4].
The case for the protoniglof the [(R,R,R,[R2 (§-4] complex
is particularly distinctive. The signal changes from a multiplet
to four deformed doublets. It seems that the twp protons

TABLE 3. Maximum Differences A(Ad) in the *H NMR Spectrum
Obtained between Enantiomers of 3-5 When R,R,R,R-2 or (R,R)-1
Is Added

A(A9) (ppm)

substrate proton R,R,R,R2 (RR-1

3 Hs 0.068 0.021
He 0.039
He 0.039

4 Hs 0.120 0.113

Hs 0.176 0.119

Ho 0.238 0.092
Hwve 0.057

6 Hi 0.027 0.026
H> 0.012

Hs 0.032 0.013

Hz 0.058 0.049

TABLE 4. Equilibrium Constants of the Complexes Formed
between the Enantiomers of 3 with R,R,R,R-2, Measured Using the
Equimolar Method

(R-3 (9-3
T Kr AGR Ks AG's
(K) M-t kJ/mol M-t kJ/mol
295  7.1¢03) —-480.1) 6.9@0.6) —4.7(0.2)
275 82@07) —-48(02)  10{2) —5.2 (£0.3)
250 35 @4) —7.4(*0.2) 39 @&15) —~7.5(*0.8)

TABLE 5. Equilibrium Constants of the Complexes Formed
between the Enantiomers of 4 with R,R,R,R-2, Measured by the
Equimolar Method

(R-4 (9-4
T Kgr AG'R Ks AG’s
(K) M-1 kJ/mol M-1 kJ/mol
295 28.0 {6) —8.14 £0.5)  24.4(0.4) —7.83 0.0.4)
275 49.9¢0.5) —9.60+0.03) 50.043) —9.60 0.1)
250 90 (¢-10) 9.3 ¢0.2) 91 @5) —11.1 @0.1)

demonstrates that CSAR adopts a different, asymmetric
conformation when it is associated witB){4. The flexibility

of CSA 2 allows a conformational adaptation of the host
molecule toward the guest molecule. In the case of the complex
with (R)-4, the signal of the ki protons remains similar to the
noncomplexed form.

If we focus now on the substrate signals, we see that they all
shifted upfield as expected. These shifts are different for each
enantiomer, which is the base of the observed enantiodiscrimi-
nation. In the case of the enantiomé&-4, the protons kK Hs,

Ho, and CH are more affected by the formation of the complex,

are no longer equivalent in the diastereometic complex, which with chemical shift differences of 0.21, 0.41, 0.34, and 0.16

8118 J. Org. Chem.Vol. 71, No. 21, 2006
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Experimental Section

Theoretical Calculations.The conformational search was carried
out with the genetic algorithm GACK, which can be downloaded
from the Cambridge Chemistry Department www server on URL:
http: //lwww.ch.cam.ac.uk/. This program works in tandem with
MacroModel, which handles the structural minimization using the
MM3* force field, in our case. The poolsize and the number of
generations are important parameters. These were both set to 32,
obtaining 1240 final structures, of which 382 were different. The
cross over rate was set to 1.0 and the mutation rate per molecule
to 0.4. Selection and replacement temperature were 10000 and 1000
K, respectively. The conformational search was repeated five times
with different input structures, obtaining equivalent results in all
cases. NMR spectra were recorded at 400 and 500 MHz for 1 h.
The temperature was controlled to 0@. The NMR signals were
identified completely with the aid of several 1D (NOE) and 2D
(COSY, NOESY, HMQC, and HMB) spectra. Diffusion experi-
ments were recorded using ledbpgp2s sequence from Bruker
Topspin Library.

The NMR titration method was carried out with 6:@.5 mL of
a solution 0.03-0.05 M of the compound3(-8) with several
portions of 0.2-0.5 equiv of CSA2 added. The NMR spectrum
was measured after each addition, and the variation of the chemical
shift was calculated. The measurements where made until maximum
enantiodiscrimination was reached.

Binding constants were determined using the equimolar method,
measuring the chemical shifts of an equimolar solution in GDCI
of the substrate3(or 4) and the CSA. Five portions of 0.1 mL
were added to 0.4 mL of an initial concentration of 0.05 M, and
the chemical shift was measured. The process was repeated for
different temperatures.

Synthesis of Di-R,R)-1-[10-(1-hidroxy-2,2,2-trifluoroethyl)-
9-anthryl]-2,2,2-trifluoroethyl muconate 2. Muconic acid (185
mg, 1.3 mmol) was added to a solution & R-o.,o'-(bistrifluoro-
methyl)-9,10-anthracenedimethanbl(1.00 g, 2.6 mmol), DCC
(1.070 g, 5.2 mmol), and DMAP (96 mg, 0.79 mmol) in anhydrous
CH.ClI, (150 mL) under nitrogen. The reaction mixture was stirred
for 4 h atambient temperature and then treatechvtitM HCI (120
ppm, than the uncomplexed form. F&){4 we obtain chemical ~ ML), 1 M NaHCG; (120 mL), and a saturated solution of NaCl
shift variations of 0.34, 0.29, 0.27, 0.20, and 0.20 for the protons \(/%)f;’tigsL)v-thehrg ?efgnzggdpﬂgggrvrvgjugggdp fevsifu:\ggﬁa}ﬂcgﬁ) o
Ha, Hg, Hy, Chs, and K, qu_nparatlvely, protons ¢iand the product using silica gel flash chromatography (eluent EtOAc/
are the most strongly modified in the complex &-4, and hexane, 10:1) : \ o

. . , 10:1) gave diest®®,R,R,R2 (707 mg, 62%) as a yellow

HZ, H3, and Cl'& are the mOSt Shlfted n the Complex @(4 SO|Id mp 177_1780(:, [(I]ZOD +177 (C lo‘ CHC&) ]_H NMR (500
Assuming that the deeper the penetration is, the higher the 4z, acetoneds, 250 K): o (cisoid) 9.29 (d,d = 9 Hz, 1H, Hy),
magnetic influence, a conclusion can be drawn from the g.o91 (d,J =9 Hz, 1H, H), 8.72 (d,J = 9 Hz, 1H, H), 8.54 (d,J
differences observed in the averaged orientation of amhiime = 9 Hz, 1H, H), 8.07 (g,J = 8 Hz, 1H, Hy), 7.84 (dd,J = 9 Hz,
the cavity determined by the CSA. In the case $F4, the J =9 Hz, 1H, H), 7.76 (dd,J = 9 Hz,J = 9 Hz, 1H, H), 7.66
substrate introduces itself in the chiral cavity with thgHgH (m, 3H, Hyand Hy), 7.65 (dd,J = 9 Hz,J = 9 Hz, 1H, H), 7.58
side first, while for R)-4 the HHs-side enters the molecular ~ (dd,J=9Hz,J =9 Hz, 1H, H), 7.01 (m, 2H, ), 6.98 (m, 2H,
receptor first. Hio), 6.75 (M, 2H, Hy); (transoid 9.26,J = 9 Hz, 1H, H;), 8.89

(d,J=8Hz, 1H, H), 8.81 (d,J=9 Hz, 1H, H), 8.62 (d,J: = 9
Hz, 1H, Hy), 8.12 (q,J = 8 Hz, 1H, Hy), 7.79 (ddJ =9 Hz,J =
9 Hz, 1H, H), 7.78 (dd,J = 9 Hz,J = 9 Hz, 1H, H), 7.69 (dd,
J= 9 Hz,J=8Hz, 1H, H), 7.66 (M, 3H, Hs), 7.58 (dd,J =9

The results obtained in this work allow us to conclude that Hz,J =9 Hz, 1H, H), 7.01 (m, 2H, Ky), 6.98 (m, 2H, H,), 6.75
is an excellent CSA. It improves the enantiodiscrimination (M, 2H, Hi). **C NMR (500 MHz, acetoneks, 250 K): ¢ (cisoid)
obtained until now with other recently developed CSAs and 163.7 (Ga), 143.9 (Gg), 132.3 (Gg), 131.7, 131.5 (s C1a), 130.3
allows the enantiomeric purity of different active principles to (Csa), 129.0 (CF), 130.3 (G), 128.2 (Ga), 127.8 (G), 127.3 (G),

. o 126.8 (G), 125.6 (G), 124.6 (G.), 123.8 (Go); (transoid 163.7
be determined. No thermodynamic differences between the(Clz), 143.9 (Gs), 131.4, 131.3, 131.1, 130.94CCa Cra Ca).

diastereomeric complexes were found. For 1-(1-naphthyl)- ;59° (CR), 129.5 (G), 128.2 (G), 128.3 (G), 127.4 (G), 127.4
ethylamine, a different geometry of these was established by (c,) 126.7 (G), 124.5 (G), 124.8 (G). HRMS (ESI): m/z
different changes in the chemical shift of the CSA and of the 853.1474 (M, 6 —2.08 ppm).

substrate after association. It seems that the conformational

adaptation o allows the CSA to optimize its geometry to form Acknowledgment. Financial support from CYCYT (Grant
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FIGURE 7. *H NMR spectra at 270 K of, (R,R,R,R2, and equimolar
mixtures of R,R,R,[R2 and enantiomerdy)-4 and §)-4. The variation
of the chemical shift is indicated in the side formulas.
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