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ABSTRACT: Calculations (MM, AM1/PM3, ab initio) and DNMR experiments indicate that 2-(2°-
methoxy-1’-naphthyl)-3,5-dichlorobenzoic acid (MNCB) and 2’-methoxy-1,1’-binaphthyi-2-carboxylic
acid (MBNC) esters and amides exist in solution as two conformers in equilibrium: one of them (sp) has
synperiplanar Ar,-Ar; and C=0 bonds, and another one (ap) has antiperiplanar bonds.

Due to the close populations of the forms only a part of large shielding effects attributed to the ap
form is transformed into observed high field shifts in NMR experiments. Thus, the low population of the
"gp" conformer and the low selectivity of the aryl ring anisotropic influence on the alcohol (amine) moi-
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ety are limitations of the efficiency of MNCB (MBNC) in their use as reagents for absolute stereochem-

istry determination of alcohols and amines by NMR. The way to increase the efficiency of this type of
reagent has been revealed on the basis of these findings. © 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

The growth of interest in stereoselective synthesis and drug design necessitates effective and reliable

- 14 A al
NEriC purity ana aoso

methods to contr
efforts have been directed towards developing methods to analyze optically active compounds.' Up to now the

NMR based method 2 is one of the most attractive ones: it is based on the derivatization of enantiomers
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followed by analysis of their NMR spectra.

Since the first pioneering work of Raban and Mislow several chiral reagents were proposed and were
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e useful in determination of absolute configuration of secondary alcohols.® All of them contain a
chiral center and an aryl ring, the asymmetric, anisotropic influence * of which in diastereomers leads to the dif-
ferentiation of esters in NMR. Differences were interpreted using empirical models and rules for determination
of absolute configuration were formulated.

Later, in a similar way, several new classes of chiral compounds were studied by NMR: primary and sec-
ondary alcohols, primary amines and carboxylic acids.”

Recently the main factors that determine the efficiency of the method in the case of secondary alcohols
were established and the basic rules for designing new reagents were formulated.® It was shown that structures
and populations of the main forms are of great importance in this method. New reagents and preferable condi-
tions were proposed on the basis of these findings.

At the same time, during the last years several examples of axially chiral reagent applications were dem-
\ .
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onstrated.” Sterically hindered bi-aryls are axially chiral due to the high barrier of rotation around the aryl-aryl
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without racemization. Thus the derived diastertomeric esters and amides can be analyzed by NMR (Fig. 1).
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Figure 1. Derivatization of secondary alcohols by MNCB or MBNC
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methoxy-1’-naphthyl)-3,5-dichlorobenzoic acid (MNCB, 1) and 2’-methoxy-1,1’-binaphthyl-2-carboxylic acid
(MBNC, 2). Namely, high field shifts were found to be different for diastereomers and empirical model was
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of large shielding effects, the NMR differentiation of the diastereomers (AS®®) & is not high enough, although
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one could expect much higher separation.

//\/\\D/ \ Ha ;{«\Lb/\\\\ Ha Ho "

a

B St Y

7l -0
\/ef (o.S)-MNCB ester (R)-MNCB ester MNCB

Figure 2. Model to correlate NMR chemical shifts and stereochemistry of the MNCB (MBNC) derivatives.
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conformational analysis in solution is available for the title compounds to our knowledge.

The determination of factors which govern the equilibrium of MNCB and MBNC esters and amides may

all the intrinsic advantages of this type of the reagent. Moreover, if peculiarities of the conformational equilib-
rium were known, new applications of these compounds as chiral auxiliaries in a variety of reaction types would

be found, i.e. as a steric ba
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This work was undertaken with the purpose of gaining insight into the conformational properties of
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) esters and amides. Some result 1s and DNMR experiments are presented. The

MNCB (MBNC) esters an

aromatic shielding effect calculations confirm the conclusions. Scope and limitations are discussed.

Calculations

Initial geometries were minimized using the Molecular Mechanics (MM) method and then were used as
pirical (PM3 or AM1)

e

uantum chemical calculations. Ab initio (HF 3-21 G//HF 3-

14 §1v3 8 G2 SRAVILAGLAVILS, J uuvv\;

starting structures in semi
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21 G) calculations were performed for the simplest model systems (1-4, Fig.3) to check geometries and energies

obtained by simpler methods (MM and PM3/AM1). The main results are summarized in Table 1.

Acid X R Compound
MNCB o H 1 10
MBNC O H 2 | |
MNCB NH H 3 /\ m
MBNC NH H 4 1
MBNC O i-Pr 5 K/kOH \:/KNHz
MBNC NH i-Pr 6 3 AL
MNCB Y (-) menthoi 7 TN S
MBNC o {-)-menthol 8
MNCB NH (-)-menthylamine 9 (-)-menthol (-)-menthylamine
Figure 3
It was found that esters and amides of MNCB and MBNC have very similar conformational parameters
All the main peculiarities in the geometry and in the energy which were found for MNCB derivatives were also
revealed for MBNC ones (see Table 1). Therefore only the results for MNCB derivatives will be dis-

cussed in detail unless otherwise noted.

Table 1. Comparison of MM, PM3/AMI1 * and ab initio Energies (kcal/mol) of Main Conformers Around
Ar-CO Bond of MNCB (MBNC) Esters and Amides (1-4).

ester/amide | acid conformer | MM" PM3 YAMi ¢ | HF3-21G/HF3-21G

ester MNCB sp 0.00 0.00¢ 0.00
MNCB ap 1.21 0.70¢ 0.90
MBNC sp 0.00 0.00° 0.00
MBNC ap 1.41 0.90° 2.02

amide MNCB sp 0.00 0.00° 0.00
MNCB ap 1.72 0.12°¢ 1.45
MBNC sp 0.00 0.00 °
MBNC ap 1.93 0.98°

* AMI was used when PM3 failed to find an energy minimum corresponding to one of the conformer; ® pcff91 force field, e=8;
¢ PM%methnd AM1 method

ot al. / Tetrahedron 55 (1999) 7305-7318 7307
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According to the results of MM calculations MNCB (MBNC) esters (amides) are in equilibrium in the
form of two conformers obtained by rotation around the Ar;-CO bond (schematically shown on Fig. 4): one (sp)
conformer has the synperiplanar Ar;-Ar, and C=O bonds, and another (ap) conformer has antiperiplanar bonds.
In both conformers the aryl plane (Ar;), C=0 and C;-H' bonds are approximately co-planar while the second

aryl (Ar,) ring is almost perpendicular to the first aryl ring.

7 Me; ap sp
/‘[I T\n/OMe 'Me1 A 1Y) Anas
/ VY o/'\H1| Al Me1 .M32 I TR
Ar__ 1 1T r—+Cc=-0—¢ ——— T 11— 'Q—':‘ 9 N o H,
0 —> ‘,‘-. Me, lé Me Py
; AN ©2
2 ) S Y e
S A
\AH, Arp NS

Figure 4. Conformational equilibrium of MBNC esters.

Thus, the alcohol (amine) moiety protons are located in the area of the aromatic shielding cone of the sec-
ond aryl (Ary) ring in the ap conformer. Only slight effects for some of the protons can be expected in the sp

conformer. It follows from comparison with AMAA © derivatives that the aryl (Ar) ring is much closer to the

alcohol (amine) fragment and its orientation is more preferable to produce shielding effects (the main conform-
ers of (aR)-MBNC amide of (-)-menthyl amine are shown on Fig. 5).

Figure 5. Structures of (0R)-MBNC amide of (-)-menthylamine in the sp and ap conformations.

According to MM calculations the sp conformer is more stable than the ap one for almost all MNCB

(MBNC) derivatives (Table 1). The barrier of interconversion between these conformers is ca. 11 kcal/mol.

A Tooialle, RARA o olaas 2 A 1
Usually MM calculations structures but the energy data is

§

cording to the protocol of calculations, the full force-field parameter-set is unavailable for some structural frag-

ments. Therefore we carried out calculations on the semiempirical level of the theory (AM1/PM3) and, in gen-

— - - . ) . e ~ . . 1 7. LT | 1., 4 :
These results do not coincide with results of previous studies ' in which only the ap form was considered
and the dominance of the other form was not expected. Therefore, to confirm the results obtained, the calcula-

tions of the energy on the non-empirical level of the theory were performed for the simplest systems.
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well gas-phas are many examples showing that solvent etiects on the geometry of the con-
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formers are insignificant and only an influence on the populations of the forms can be expected. In addition, we

found that the minima on the potential energy profile around the Ar-CO bond in the systems under investigation

is very sharp and therefore the position of energy minimum will be hardly changed due to med

Therefore it can be expected that the ab initio produced geometry should be close to the solution phase one.

For our compounds we found that in general MM and ab initio geometries are in good agreement. This
proximity of MM and ab initio results for models allows us to expect that MM generated geometries for mole-
cules used in DNMR experiments also should be close to the real solution state structures.

The analysis of energy distribution of the ester array for the simplest model shows that all three methods
give preference to the sp conformer that has not been taken into consideration before. The energy gap is ca. 0.1-
0.9 kcal/mol.

It is important that PM3 (AM1)and ab initio results for the models coincide with each other. Therefore

semiempirical methods can be used to analyze the conformational energy distribution of compounds prepared

for DNIMR avnerimentg
AVJE A/7L1NAVRAN UAl.IvLuAlUALla.

The calculations (MM and PM3 (AM1)) on the R- and S-MNCB (MBNC) esters of (-)-menthol (7, 8)
predict similar energy distributions (PM3 or AM1) and geometries.
As a whole, the results of the calculations allow a partial e

remarkable shielding effects may be due to a "good" orientation of the aryl ring with respect to an aicohol
(amine) moiety in the ap form.

At the same time thermodynamic (small energy difference between the ap and sp rotar

and geomeiric (low selectivity of the ‘hi‘id’“g effects of Ar, on the aicohol's protons) parameters result in the
Y,

loss of the essential part of the indicative A5 difference. Namely, in each diastereomer, due to the ap-sp equi-
6a

librium, shielding effects are produced for both groups (i.e. on Fig. 6a the L, in the sp and the L, in the ap) and

even in ap conformer orientation of the second aryl is such that shielding effects are produced on both groups L
and L, (i.e. on Fig. 6b). Thus both sides (L; and L;) of the alcohol (amine) moiety are shifted to high fields an
therefore NMR differentiation (A6®*) should be small.
ap sp
! 1 _\,L 5 e ] )
l_—_l:]:/ic’oglz R I:I:':Eg 1 EEE—ceo—T;—/, Shielded
a | —Shielded | —Shielded ) |—

Figure 6. Geometries of the main forms and distribution of the shielding effects on alcohol moiety.
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of the conformational equilibrium of MNCB (MBNC) esters and amides. DNMR should be an effective
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method in solving this task. Analysis of shielding effects on the moiety substrate and modification of the line-
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MNCB (MBNC) esters and amides of (-)-menthol and (-)-menthyl amine were prepared as suitable mod-

els for DNMR experiments. These compounds were selected because in accordance with the calculations per-

formed the geometrv of derivatives snooests remarkable shieldine increments for a varietv of nrotong
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is summarized in the Table 2 and the spectra of (aR)-MNCB ester of (-)-menthol (R-7) are given in Fig. 7.

Table 2. Selected '"H NMR Data for MNCB (MBNC) Esters of (-)-Menthol (7, 8) and Amides of (-)-
Menthylamine (9).

tonfigl solvent | T,K | H(1) | H@) | H(5) [H(6:) | H6) | H) [ Me(8) | Me(9) [Me(10)] NH
MNCB-(-)-Menthol

R CS, 300 14.30210.607]1.136]1.208 1-0.202/1.278 ! 0.669 | 0.408 | 0.653
165 14.32810.9211.2881.489 | 0.218| 1.5 |0.792*0.313 | 0.728*

CDCI; | 300440 063 1.16]1.26 |-023] 133 | 068 | 042 | 0.64

S CS, 300 [4.325 1.18 |1.416 |0.124|1.063 | 0.483* |0.428*| 0.743
173 {4.303 1.2 11.563 10.398| 1.2 | 0.495 | 0.429 | 0.771

CDCl; |300{444/041)122(1.48 013 ] 1.11 ] 050 [ 046 | 0.73

[y Q. 200 1ARSINADITTIA 1124 102011 1 14 N A0 N AA N ASA
) S JUV 5300 | V.OJ4L) 1.10 | 1.40 V.iUl| 1.10 V.07 u.a0 U.0J0
11y A YN AMND n nNn~11 1T A" s S in V@ 1 N "N r N rnn
175 |4.05U 1.4£48 [-UU/L| 1.4 [U.//07 | U.D30 | V.OSU

MNCB (-)-Menthyl Amine
R | Cs, [300(3.291/0.362[1.098 0.9 |[-0.207|1.146| 0.655 | 0.533 | 0.626 | 5.084
183 [3.297]0.577/1.098|0.85? |-0.147|1.093 | 0.702* | 0.535 | 0.643* | 5.5
CDCl; | 300 | 342 039 |1.15[1.01 |-0.30| 120 | 0.68 | 0.57 | 0.62

(CD,),CO | 323 13.394]0.712 124 |0.251 0.639 | 0.421 | 0.712 |6.100
2NN 12 2081 N 75 174 n 10 194 N £1N"77 N 2770 1 8e s X% 00
2UV GITI V.7J 1.4 V.J2L7 1.&% V.UL/ V.20 V.l4&D 00

6.2
S CS, 300 13.326]0.198{1.219]1.412 |-0.011/0.423 | 0.198* |0.385*| 0.744 | 5.080
173 13.353/0.27211.240/1.408 |0.155]0.570| 0.046 | 0.335 | 0.751 |54
CDCl; |300)347[0211127(1.52 | 004043 | 039 | 025 | 0.74
(CD,),CO | 300 [3.408[0.634] 1.22 |1.563 |0.349]0.993 | 0.576* |0.294*| 0.742 |6.212
183 {3.385/ 1.09 1.577 10.649| 1.22 | 0.759 | 0.226 | 0.747 |7.216

- assignment can be interchanged,
= asSsSignment Can o 1MCrinangcs.

The evolution of the spectra was very similar for MNCB and MBNC esters. As a rule decreasing the

*

temperature produces low field shifts for most of the protons.
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Figure 7. Partiai 'H NMR spectra of (ouR)-MNCB ester of (-)-menthol at room (a) and iow temperatures (b).

rved. Therefore we concluded
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that the exchange rate is close to "slow exchange limit" on the NMR time scale (ca. 11 kcal/mol according to
calculations) and, it seems that a coalescence of the spectrum is to be observed at ca. 143-133 K. But after fur-

ther decreases in temperature, the compound precipitated and no spectra were observed at 153 K.
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H(7"), Me(10’) protons, while there were almost no changes for Me(8") and Me(9°).

(aS)-MBNC ester of (-)-menthol (5-8): The modifications in the spectra were very similar to those for
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(aR)-MNCB derivative: upfield shift for Me(9") and downfield shift for Me(8”), Me(10°), H(6’,), H(6’) pro-

tons, respectively.

For amides, in general, very similar changes with temperature were obtained. The main differences ar
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mperature was more extensive.
(o.R)-MNCB amide of (-)-menthylamine (R-9): almost all protons moved to lower field on decreasing the
temperature. Only for Me(9°) doublets with almost no changes were observed.
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signals showed the reverse - in acetone they appeared at higher field. Moreover, low temperature NMR experi-

ments with (aS)-MNCB amide of (-)-menthylamine (5-9) in acetone demonstrated that the observed solvent-
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DISCUSSION
Evolution of the spectra with temperature corresponds to an equilibrium of the conformers which are

close in energy and reflects the variation of their populations with temperature. Moreover, the geometry of the

minor conformer is suitable for aromatic shielding effects for most of protons, while in the major one only 8’-

and 9’-methyls are affected by this effect. Thus, at low temperature the population of the more stable conformer
increases and, therefore, most of the resonances move to low field, while Me(9”) moves to high fields.

In addition, in the amides, the NH proton chemical shifts and their strong shift with temperature support
above mentioned assumptions. In the ap form NH protons are affected by strong anisotropic effect (ca. 3 ppm)
while in the sp form only deshielding effects (ca. - 0.5 ppm) take place. So, the low field shift of NH protons is
due to the increase of the population of the main sp conformer that is in full agreement with the calculations and
results obtained by analysis of the shielding effects for other protons.

Moreover, the low energy non-shielding producing conformer of amide is more stable in polar solvent.
The comparison of chemical shifts in CS,, CDCl; and acetone reveals this effect. The gradual decreasing of
shielding effects for the most significant resonances reflects less shielding contribution as solvent is varied from
CS,, CDCI; to acetone. Only for Me(9’) notable shielding’s increase was in acetone that is in full agreement
with the model describing equilibrium.

Thus, all of these data support the results of the calculations. There is an equilibrium of two types of con-
former: one leads to the shielding effects for most of the protons, while the second one is only for 9°(8’)-

methyl's. The shieldings producing ap conformers are less stabie.

Aryl Shielding Effects

A AAmmnmnsionn AFtha avearisantal and thaneatianl aen 43 o
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of the structures and energy distribution of the main conformers. The shielding increments were calculated

(summarized in Tables 3-4) for all low-energy structures. Experimental shielding increments were calculated as

the difference of the chemical shifts in ester (amide). 1
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The analysis of Tables reveals that observed values are intermediate between the values for the two main

conformers. In general a good approximation is that the ap form’s population is less than 50 % and the domi-

contributions exnlain hich field shifis of 9°(8’) methyl

SR AV & anpradiadi Riigdd AW DLARE VS FAR 0

nant contribution is due to the sp form. These ¢
and the temperature evoiution of their chemicai shifts. In most cases the observed essential shieiding increments
are reproduced theoretically. For example, there are H(2*), H(6’,), H(6’.), H(7’) proton chemical shifts.
Thus, analysis of the aromatic anisotropy effect corroborates the results derived above. The correlation
between theoretical and experimental vz
Really, several examples were reported in which the aromatic shielding effects were successfully used to

justify the theoretically derived geometry. It was found that the theory gives a good prediction on the quantita-
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agreement with the experiment (see Fig. 8), some discrepancies for several protons were observed. Attempts to

t Imnenue acosedialle anesalaticne Te cvms
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ticular, the most notable disagreement was observed in the case of the amides.

Table 3. Calculated ® and Experimental ® Shielding Increments (in ppm) for the Principal
Conformers of the R- and S-MINCB and MBNC Esters of (-)-Menthol (7, 8).
- MNCB MBNC
config. R R R S Y S S S S R R R
confor. | sp ap | EXP | sp ap | EXP | sp ap | EXP | sp ap | EXP
H(5) 0.16 | 039 [ 026 | 021 | 023 | 0.20 | 0.19 | 0.40 | 0.22 | 021 | 0.24 | 0.14
H@.) | 012 1073 [ 070 | 034 | 024 | 048 | 0.20 | 0.77 | 0.56 | 0.35 | 0.26 | 0.28
H(6, | 0.08 | 205 | 1.18 | 0.12 | 0.56 | 0.82 | 0.07 | 2.11 | 1.13 | 0.13 | 0.59 | 0.68
H(1) 0.43 | 0.59 0.29 | 0.52 0.36 | 0.60 0.29 | 0.53
H(2) 012 | 1,66 | 048 | 0.04 | 1.70 | 069 | 0.06 | 161 | 0.62 | 0.05 | 1.72 | 0.86
H3B3:) | 015|034 | 0.18 | 005 | 041 | 022 { 0.08 | 0.32 | 0.16 | 0.05 | 042 | 0.19
H3B,) 102510361021 101010391 02210141036 1! 018 | 0.10 | 039 | 0.21
H(4,) | 0.10 { 0.29 | 0.19 { 0.09 | 0.20 | 0.17 | 0.08 | 0.28 | 0.10 | 0.09 | 0.20 | 0.07
H(4,) | 008 ! 0530320071030} 030/0061| 05910261009 030/} 022
Me(10) 1 006 | 030 1 020 1 013 1 000 | 020 ! 007 | 030 { 018 | 010! 008 | 0.08
H(7) 040 | 064 | 084 |1 -002]226 | 1.06 | 0.04 | 059 1 032 {0021 2201 0.75
Me(8) | 0.07 | 0.10 | 023 | -0.00 | 0.68 | 0.41 | 0.03 | 0.07 | 0.14 0 0.65 | 0.37
NMafO\ N ea Nnn n1a nn2 n A e le LY n 117 nmn n " N N1 N A1 NYA
IVIC\ 7 v.0Z7 v.JuU v.Jz V.V V.rs V.JJ V.i/ V.LV V.Ldl v.Vo v.40 V.44
AG/ANINE D NN nNn ot N NN 1 N1 Nnn 1 70
L_\l_rkmvl.l} v.Uv v.01 v.Uv 1.V1 v,V 1.£40
AL/DAAN n N 1 N
AE(LIVLS ) UAY 1.U0

* according to the semiclassical model, both aryl rings were taken into account; b in CDCL; at T=298 K, free menthol was taken
as reference ™%
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Theoretical Shielding Increments, ppm
a

0.2 - 0.4 ) 0.6 . 0.8 ' 1.0 - 1.2 ‘ 1.4
Experimental Shielding Increments, ppm

Figure 8. Correlation of experimental and calculated shielding increments for (aR)-MNCB ester of (-)-

menthol.
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4. Calculated * and LXperimeial Shieldir qging increments un ppiﬂ) for the

principal Conformers of the R- and S-MNCB Amides of (-)-Menthylamine (9).

p)

Lia
AR

config. R R R s M S
conform sp ap EXP | sp ap | EXP
H(5%) 0.16 | 037 | 0.27 | 0.13 | 0.25 | 0.15
H(6‘,) 0.12 0.71 095 | 0.10 | 0.30 | 0.44
H(6%) 0.08 1.80 | 1.37 | 0.04 | 0.66 | 0.91
H(1%) 0.44 | 0.58 0.30 | 0.54
H(29 0.14 1.40 | 0.72 | 0.03 | 1.55 | 0.90
H(3’.) 0.16 0.30 0.16 | 0.06 | 0.39 | 0.23

H(3y) | 026 | 034 | 0.14 | 0.13 | 0.38 | 0.19
H&.) | 011 | 026 | 014 | 0.06 | 021 | 0.12
H@4‘D) | 0.09 | 046 | 030 | 0.04 | 0.30 | 0.27
Me(109) | 0.07 | 027 [ 031 | 0.05 [ 0.10 | 0.19
H(79) | 059 | 0.64 | 067 | 002 | 1.97 | 1.44
Me8) | 013 | 009 | 023 | 00 | 057|052
Me9) | 097 | 020 | 018 | 027 | 039 | 0.51
NH 0.03 | 3.54 -0.05 | 3.30
AE(PM3) | 0.00 | 044 0.00 | 0.31

accordmg to the semiclassical model, both aryls rings were taken into

account; - m LJJL13 ai T=298 K, free menthol was taken as reference ™.

The main source of this discrepancy is incorrect geometry. A revision of the protocol of the calculations

the description of the interaction between C=0 and the aryl ring, to determine the overall geometry.
th

In the ap conformers in both diastereomers the gradient of the secondary magnetic field is very strong in

ences in the observed and calculated values. Thus this "incorrectness” explains some discrepancies.
These results are not unexpected: there are almost no studies concerning conformational properties of
Tt

thes

lm
Q
[}
'é"
5
=N
i
el

,,,,, ATR ATy

A mgger alscrepancy IOI' me ammes may DC explalnea Dy an aacnuona.l COIIU'IDUI]OI’IS m INIVIIK spectra OI
the conformers around the CO-NH bond. *°

Summarizing, these results strongly support the prediction: in solution, these compounds exist in a con-

formational equilibrium of two forms. The sp conformer is dominant, although the population of the ap con-
former is essential, in particular in the non-polar solvent. The observed temperature effects are explained in the
framework of this equilibrium of the two main conformers

Only some part of the large shielding effects is transformed to the observed high field shifts in NMR ex-

periments. There is a qualitative agreement between theory and experiment if it is supposed that the shielding

producing conformer is ca. 50% or less populated. Thus, the low population of the ap conformer and low selec-
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tivity of the aryl ring influence on alcohol (amine) moiety are the limitations of the efficiency of MNCB

ate; datasminatinn af alanhala and aminas
UL U1 BiVOLIVID B0 aliiines.
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Final Remarks and New Reagent Design

Onca nmfmm:nngl neanart
WA WASALAWE AL SR AN/ AR yl ‘.’l}vl L 23

chirality axis can be undertaken. Obviously the new reagent has to be composed from two aromatic rings linked
by a single bond and an acid fragment: the interaction of aromatic rings leads to the perpendicular orientation of
the Ar; and Ar; rings. This structure together with the co-planar orientation of the C=0 bond and the Ar, ring
and the Ar, ring having its shielding cone directed with respect to the alcohol moiety gives an overall structure
(Fig. 9). In addition, these aromatic systems must be hindered enough to exist for a long time as an axially chiral
form.

But this is not enough for the reagent to be efficient. It is necessary to modify a reagent in order to in-
crease the selectivity of anisotropic effects on the substrate moiety in the shielding-producing conformer either
and/or to increase the population of the shielding-producing form (ap).

In the first approach an increase in the efficiency of the reagents (a5%°) would be achieved by tuning the
geometry of the shielding producing form (ap). At present the available reagents’ (MNCB and MBNC) aryl
ring (Ary) is very close to the symmetry axis (Fig. 9a, b). Therefore its influence is distributed somehow in a

similar manner on both groups (L; and L,).

Ly - L
aR o e Ly aR e e */
------ oS o 4 e g \L
———co- el —r—F3coo<_ [T e
L ! re e, oS PP
2L v~ 7 1 = g -~
S P . L ...... N, r""_-"'|::|—~co—o—<
2 L N ..
a b ¢ T e - d e (
L,
A!'2
| 19670 1 Ar [ N

e I D OO0 oD
e Z o~~~ COOH Arz = \ =~ ™ N O A A =
¥ o™ I S e

Thus it is now clear that the second aryl has to be more extended from the side of the symmetry planar
plane and that it should be more asymmetric with respect to the Arj-Ar; axis (Fig. 9¢, d). While in the area near

e PR Lo adfandnd 2o lhadla dianstanan
symmetry axes protons are going to be affected in both dieastereomers, most of remote protons will feel the

shielding effect only in one diastereomer. That leads to new reagents having 1-anthryl as a second aryl (Fig. 9e).

Our preliminary results support this conclusion. 1-(10-bromo-1-anthryl)-2-naphthoic acid was synthezed
12
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are of the same order, the sign distribution around the chiral center in BANA derivatives is more correct than in

MNCR esters, Therefore it seems, RANA chould

ASWAWANTE Wy AV WWRLMNY MPL s AN vea v

8
B

neccesary.
BANA (11) +0.09 (MNCB, 7)
l +0.12 (BANA, 11) |
NN

S9S L
B Q T~ "OR
/ -

_H
KW\O +004v/\‘ 7
A

0.18
X -0.13 -0.16

est to modify the populations of the conformers. Some results for o- and m-substituted benzaldehydes '* support
this idea. Indeed, the conformational equilibrium around the Ar-CO bond depends on the position of substitu-
ents and its nature. Therefore, perhaps, a modification of the reagents could be achieved by the introduction of

substituents to the aryi ring (Ar;). These hypotheses are the subjects of our future projects.

EXPERIMENTAL SECTION

4L RLVEL

jelds 'Y and PM3 (AMD)
iel ) and F ( )
molecular orbitai caiculations were performed by the Insight II package on a Silicon Graphics Iris (SGI)

computer. Initial molecular geometries were originated from the Builder Module of Insight II; 3D coordinates
erated from the bond lengths, bond angles and dihedral angles by the DG-II package 15

enera pA= ¥ vlle alls 1 dihedral A

were then g

- o

Calculation of the energy barriers between these conformers were carried out by MM with an additional
harmonic term of the form k(1+cos(n6-6¢) included in the force field. The energies of conformations were

m;ﬂlml'lpu b‘l fl"\ﬂ k‘nr-‘(_r‘\nnnnn] AL Gﬂ_ nr\her\n meaet ed' m;rnm

carraanandead t,
PSSNEIVERRVEV A AN/ WEN ua.usvjn.u 4 VWYY LWAL L\Ml-lllh'\.ll.l ALAWLAL' s

N Mg e
LAWOPVIIUWU LU L1LLD Wik

0.001 kcal/mol A. The ground state energies of the geometries were then calculated by PM3 (AMI1) using the
MOPAC 6.0 program. Full geometry optimization used the Broyden-Fletcher-Goldfarb—Shanno (BFGS)

method and the PRECISE option.'® Ab initio calculations (at the restricted Hartree-Fock level of theory) were

asy L ENAN At 2210 i it i VoA AL A Vea L

T A T e

performed using GAUSSIAN 92/94.'7 Internai coordinates were optimized by Berny aigorithm.
Shielding Effects calculations were carried out by the program (written on Fortran 77) based on the semi-

parated by 1.39 A 4b, f

NMR Spectroscopy H NMR spectra of samples in 4:1 CS,/CD,Cl,, CDCI; or (CD3) 2CO (ca. 2-3 mg in 0.5
mL) were recorded on a Bruker AMX 500 NMR spectrometer. Chemical shifts (ppm) are internally referenced
TMS (0 ppm) in all cases. 1D- and 2D NMR spectra were measured with standard pulse sequ

Afy R T N+ ) 7 A0N

MR spectra. Size 32 K, pulse length 2.8 ms (30°), 16 acquisitions.
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o

2D COSY spectra: D;-90-t;- G1-90-G2-AQ); relaxation delay D;=1 s, 90" pulse 8.5 ps, gradient ratio 1:1.
D

TVVQV gspectra. Relaxation dphv D=2 s; mixing time 41.3 ms; 9(}0

AR

nlea £ 5 110 TDnT_mnAA \]’Q_KA
Waa w

Sy AllinAiig viamv T ’ 9 A4 K ATLLAAUGL,

2D Proton-detected heteronuclear multiple quantum correlation (HMQC) experiments. Sequence: D;90('H)-D,-
90("*C)-t:/2-G1-180(*H)-G-t:/2-90(**C)-G3-D2-AQ (GARP(**C)), relaxation delay D;=2s; D,=3.45 ms; 90°

A3\ 1n

pulse ( H) 8.5 ps; $0° pulse ("°C) 10.5 s, gradient ratio 5:3:4.
For DNMR spectroscopy, the probe temperature was controlled by a standard unit calibrated using a methanol
reference; samples were allowed to equilibrate for 15 min at each temperature before recording spectra.

F PRy ees | Thonsmnandi oo  ~
wtucial,. I'icpc a.uu 1 U

ns of the diastereomeri s from the corresponding aicohols/amines and

the diaster
MBNC/MNCB were carried out with DCC and 4-pyrrolidinopyridine. For experimental details see reference.'®
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