860 J. Phys. Chem. R005,109, 860-868

Structure —Property Relationship in py-Hexahydrocinchonidine Diastereomers: Ab Initio
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Two py-hexahydrocinchonidine diastereomers were selectively obtained in the heterogeneous catalytic
hydrogenation of cinchonidine over supported Pt catalyst. The two isolated compounds when used as chiral
base catalysts in the Michael addition offeketo ester to methyl vinyl ketone gave products of opposite
configuration in excess. To trace the reason of this behavior, in the present study, the structures of the two
diastereomers were fully optimized by ab initio quantum chemical calculation. These results were then compared
with several nuclear Overhauser enhancement spectroscopy (NOESY) signal intensities from the spectra of
the two compounds. Further we performed a conformational search on all the optimized geometries
independently for the two flexible torsional angles, which are linking the quinuclidine and tetrahydroquinoline

moieties present in these molecules. This study allowed us to propose the configuration af chgaC
center. Thus, the product mixture resulted in the hydrogenation of cinchonidine containing-(®e 4
diastereomer in excess (de 20%). According to the computation results the(9-diastereomer is more
stable than the'4R)-diastereomer. The4S)-conformer obtained by computation has lower electronic energy
than the structures obtained for th'e(R)-diastereomer, which may explain the excess formation of the first

one. The results of the Michael addition catalyzed by these diastereomers were interpreted on the basis of

these conclusions.

1. Introduction

In the production of enantiomerically pure products, cinchona
alkaloids are among the most often used natural chiral com-
poundst2 They had been successfully used in several asymme-
tric syntheses as chiral auxiliaries or catalysBerivatives of
the natural cinchona alkaloids often provided higher enantioselec-
tivities compared to that achieved by the use of the parent com-
pounds'—? Systematic variation of their structures was used in
the elucidation of the role of different moieties or functional
groups of the alkaloid molecules and constituted valuable infor-
mation in the design of efficient synthetic chiral catalyst%.18

The natural cinchona alkaloids can be hydrogenated over heter-,| o, catalyst’ The isolated compounds have been used as
ogeneous metal catalysts. Under mild conditions they are trans-cpjra| modifiers in the heterogeneous hydrogenation of ethyl
formed in dihydro derivatives by hydrogenation of their vinyl -,y ate and as chiral base catalysts in the Michael addition of
group. The use of higherapressures and/or elevated tempera- ethyl 2-oxocyclopentanecarboxylate (ECP) to methyl vinyl
tures leads to the formation of hexa- and/or dodecahydro der-} oione (MVK). In the latter reaction the two hexahydrocin-
ivatives by partial or total hydrogenation of the quinoline moiety. . qnidine isomers gave products of opposite configuration in
The preparation of these derivatives of some cinchona alkaloids oy cass. The interpretation of these surprising results was
has been describéd.2* They have been tested as modifiers in hingered by the lack of knowledge of the configuration of the
the enantioselective heterogeneous catalytic hydrogenation ofc, chiral center and of the conformational behavior of these
a-keto esterd? 1114 reaction reported first by Orito et &2 compounds.

The presence of hydrogenated cinchona derivatives in the liquid  =inchona alkaloids have a remarkably high conformational

phase during this reaction showed that the modifier may also ¢aadom. Rotation around thex€Cy and G—Cs bonds (see

be hydrogenated, leading to a decrease in thé€e. . Figure 1a) may lead to conformers of similar energies. The
Recently, we have reported the preparation of hexahydrocin- oonformers may favor the formation of different products in

chonine and cinchonidine derivatives by hydrogenation over Pt/ o, -as28 ag a consequence, to elucidate the reaction mechanism
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Figure 1. Cinchonidine (CD) atom labeling: (a) C atoms; (b) H atoms.
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Figure 2. Scheme of hydrogenation of cinchonidine (CD) over Pt/
Al0s.

In the case of cinchonidine (CD), several conformers were
identified and the population of the stable conformers could be

estimated by NMR spectroscop$3334 According to these

results the most stable conformer of CD is the so-called “open

(3)” conformer in which the N of the quinuclidine points away
from the quinoline part and the-€H group is directed toward
Hz (for atom labeling see Figure 1b). The presence of two
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correlation spectroscopy. The results of the nuclear Overhauser
enhancement spectroscopy (NOESY) experiments were cor-
related with the computation data. Optical rotations were
measured on a Polamat A (Carl Zeiss, Jena, Germany) pola-
rimeter at 20°C in ethanol ¢, 1;1, 0.5); [oa]p values are given
in deg cn? gL

c. Calculations.The ab initio quantum chemical calculations
were performed using GAUSSIAN 98 on an Origin 2000
machine. Minimum-energy structures were computed by ap-
plying the B3LYP density functional hybrid method together
with a 6-311G** basis set. X-ray diffractometry data published
in the literaturé® were used as the initial structure for geometry
optimization of CD. The molecule was fully relaxed. The opti-
mized 4-(R)- and 4-(9-1',2,3,4,10,11-hexahydrocinchonidines
were obtained by adding the necessary H atoms in the corres-
ponding orientation to the optimized CD and completely relaxing
the structures. After obtaining the optimized structures, confor-
mational searches were performed by rotation around the C
Cy (torsional angla;: C3—Cys—Cy—Cg) and G—Cg (torsional
angler,: C4—Cy—Cg—N;) bonds (see Figure 1) at an increment

“closed” conformers has also been demonstrated in solution byof 15°. Single-point energies of the resultant structures were

NMR and FTIR spectroscopié$.The population of different
conformers could be correlated with the nature (dielectric
constant) of the solvert.It has also been shown that in acidic

media (the quinuclidine N is protonated) the open (3) conformer

is stabilized relative to the closed conformers due to the
repulsion of the quinoline moief:36
To the best of our knowledge, studies on the structure

property relation of hexahydrocinchona derivatives using an ab
initio calculation and NMR results has not been published so
far. Such a study is needed for the interpretation of the results
obtained by the use of these compounds as a chiral source. Her

calculated using the same functional and basis set.

3. Results and Discussion

Hydrogenation of CD over 5% Pt/AD; in 1 N H,SO,
aqueous solution under 100 bas ptessure after 50 h resulted
in the formation of two 12,3,4',10,11-hexahydrocinchonidine
diastereomers in over 95% isolated yield and 20% diastereo-
meric excess (see Figure Z)These products contain a chiral
center G formed during hydrogenation and §2.,3,4'-tetra-
hydroquinoline ring system. Thus, beside rotation around the
+—Co and G—Cg bonds, the mobility of the tetrahydroquino-

we report the results of our theoretical study on the conformation ine moiety can also lead to stable conformers of low energies.

of the two 1,2,3,4',10,11-hexahydrocinchonidine diastereomers
(CDHg) using ab initio method with a large basis set. The results
of the calculations were compared with data obtained from NMR
spectroscopy experiments.

2. Experimental Section

a. Materials. The preparation (see Figure 2) and identification
of the two 1,2,3,4',10,11-hexahydrocinchonidine diastereomers
(denoted as CDHl and CDHs-ll) has been described re-
cently27.:87

b. Methods. The 1H, 13C, and the 2D NMR spectra were
recorded in benzends (Aldrich, 99.6 at. % D) on a Bruker
AVANCE DRX-500 (Karlsruhe, Germany) spectrometer oper-
ating at 500 MHZz'H NMR frequency. The signal assignment
was aided by 2BH—!H COSY and 2D'H—3C heteronuclear

a. Optimization of CD, 4'-(R)-CDHs, and 4-(S)-CDHe. The
optimized geometry of CD was identical with the open (3)
conformer, obtained by Bgi and Baiker* as observed by
comparing the values of the selected interproton distances and
torsional angels (see Tables 1 and 2). The open (3) conformer
of CD has the highest population in acidic solutifs®
Accordingly, it was considered that during hydrogenations in
acidic media CD mostly adopts this conformation.

Addition of hydrogen to N, Cy, Cz, Cy0, C11, and G from
the “proR’ side of the optimized CD and relaxing the molecule
led to an optimized geometry for-gR)-CDHs. This structure
has the B atom in axial position; hence, it has been denoted
as 4-(R)*-CDHgs (see Figure 3a). Because the tetrahydroquino-
line moiety adopts a twisted conformation, the &om can be
positioned on either side of the plane of the aromatic ring. By

TABLE 1: Selected Interproton Distances (A) for the Optimized Low-Energy Structures of CD and CDH; Diastereomers

CD 4-(R)*CDHs 4'-(R)®+-CDHs 4'-(9°%+-CDHg
Hs < Hg 2.12 (2.1 2.23 2.25 2.49
Hs <> Hg 2.51 (2.46% 4.53 3.74 4.34
Hs <> Hy 3.31 2.64 2.53
Hs <> Heen 4.60 (4.78} 4.06 4.66 4.84
Ha <> Hg 3.00 2.40 2.35
Hs <> Hg 3.34 3.67 2.38
Ha < Haax 3.06 2.28 2.36
Hy < H3’eq 2.47 2.63 2.58
Hy < Hg 2.51 2.45 2.57 2.59
Hg <> Hgen 2.83 2.94 2.55 2.53
Hg <> H7en 4.13 3.68 3.61 3.61
Hg <> Hzax 4.01 (4.00% 2.48 4.28 3.61
Hg <> Hzeq 2.15 3.50 2.48
Hrex <> Hzeq 3.57 2.34 3.08 2.30

aValues in brackets are of open (3) conformer published bygBand Baiker*
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H2'ax

4’-(R)™-CDHs

4’-(R)*-CDH, 4’~(S)*-CDHj
Figure 3. Ball and stick model of the optimized hexahydrocinchonidine structures: '{@)%-CDHg; (b) 4'-(R)*>-CDHs; (c) 4-(S°*CDHes.

TABLE 2: Selected Torsional Angles (deg) for the Optimized Low-Energy Structures of CD and CDH Diastereomers

cD 4-(R>CDHs 4-(R)**CDHs 4-(9°-CDHe
1 C3—Cy—Cy—Csg 99.6 (101.4) —29.9 65.1 56.3
T2 Cy—Co—Cg—N1 154.0 (153.6) 163.0 143.6 140.9
T3 Hg—Cg—Co—Hg —77.8 (—~78.3} —70.0 —86.9 —87.8
Cs—Cg—Cs—Cy —-0.5 —19.0 —59.2 70.6
Cy—Cs—Cy—Cs —80.1 —156.8 —65.6 —-177.4
Hs—Cs—Co—Hg —154.1 —62.7 53.8
Hs—Cs—Csz—Hazax —179.8 321 —44.2
AEP (kcal mol?) 5.0 2.9 0

aValues in brackets are of open (3) conformer published bygBand Baiker* ® Relative energies compared to the energy of the most stable
4'-(9°+CDHg diastereomer.

moving the G and G atoms on the opposite side of the 4'-(R®-CDHg and relaxing the molecule resulted in a low-
aromatic ring, as compared to their position in the optimized energy conformer in which the Hatom is positioned equato-
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rially (see Figure 3b), denoted a&@#)®*+CDHs. Adding the 4'-(R)™-CDHjs
hydrogen to G from the “proS’ side resulted in the optimized
geometry with the B atom positioned equatorially (see Figure
3c), denoted as'49°®+CDHg. However, moving the &€ and
Cz atoms to the opposite sides of the aromatic ring plane, in a 8 -
way similar to the case of the'-4R) diastereomer, led to a
structure with axial 4 atom having significantly higher energy

o
(more than 100 kcal mot). Selected interproton distances, g 6
torsional angle values, and the relative energies of the obtained £
conformers are presented in Tables 1 and 2. For both'the 4 . T
(9- and 4-(R)-diastereomers the conformers having equatorial R —
Hs had lower energies. The quasi-equatorial position gfisd
clearly shown by the low K < Hg distances in these 2 -
conformers (2.53 and 2.64 A); in the case of the axial position 4-(R)™-CDH,* >
this distance is increased (3.31 A). \/ \/ 4-(R)™-CDH,’
To define on which side of the aromatic plane the quinuclidine 0 DA NN R
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

moiety is situated, the use of thes €Cg—Cy—Cy torsional
angle is needed. This angle has negative values for the 'two 4
(R) conformer and positive in the case of the(8) conformer.
Accordingly, the quinuclidine moiety will be positioned on the
opposite side of the tetrahydroquinoline system in the two
diastereomers. The hexahydroderivatives adopt an “openlike
conformation, with the quinuclidine N\pointing away from the 8
tetrahydroquinoline ring system (see Table 2, values, @ind
79). However, the position of the hydroxyl group in the two
low-energy structures, '4R)®%CDHs and 4-(S)®*CDHg, is
different. This difference may be of crucial importance in
determining the accessibility and the binding direction of a g
reactant toward the hydroxyl group of these molecules.

b. Rotation around the C4—Cg and Cyg—Cg Axis of the
Hexahydrocinchonidines.In the case of CD rotation around the 2 -
Cy—Cy and G—Cg axis (variation of ther; andr, tosional an-
gles) resulted in several conformers with close energies (within
2 kcal mol) to that of the open (3) conformét Stepwise vari- 0 T T T T 71— —%T——
ation of torsional angles; and, and calculation of the cor- 7180 150 120 90 60 30 0 30 60 90 120 150 180
responding single-point energies, for the three low-energy struc-
tures: 4-(R®-CDHg, 4'-(R)*+CDHg, and 4-(S)®+CDHe, result-
ed in the relative energy plots presented in Figure 4. It must be
noted that the obtained structures were not fully optimized; thus,
the obtained energies cannot be compared with the energies of
the above-mentioned three structures. Our aim during this 8 -
conformational search was to find structures corresponding to _
conformers possibly present in the solution of these compounds. *

The obtained low-energy structures are presented in Figure
5 and selected interproton distances and torsional angle values
are summarized in Tables 3 and 4, respectively. ]

A rotation of 90 around the G—Cy bond (change of;) for —=U
4'-(R)®*-CDHg resulted in a low-energy structure denotéd 4 —— T2
(R>-CDHg! (see Figure 5a). Decrease of thdorsional angle
value also by about 90resulted in the minimum denoted-4
(R)2-CDHg? (see Figure 5b). Stepwise modificationfor 7, o e v: SR V-
torsional angles in the case of the othé&(R)-conformer (4- 180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180
(R)®+CDHeg) led to one structure having low energy denoted as
4'-(R)°%+-CDHg! (see Figure 5c¢) and was obtained by decreasing _ o ) ) )

Figure 4. Relative single-point energAE) plots obtained by stepwise

ther; value by about 90 Application of the same procedure for oo )
. . variation in 13 steps of torsional angles andz, and of (a) 4(R)®
the 4-(S°®+CDHg diastereomer resulted in one low-energy struc- CDHe, (b) 4-(R)*“CDHs, and () 4-(S°*CDHe.

ture by decreasing the torsional anglevalue about 99 the
new structure was denoted as(8)**CDHg? (see Figure 5d).

One of the most important differences between the structuresStructures of the '’4S)-diastereomer. Thus, irrespective of the
of the two diastereomers is the position of the quinuclidine axial or equatorial orientation of thes€Cy bond and the
moiety relative to the plane of the aromatic ring. This position orientation of the N atom or the hydroxyl group, the'4R)-
is shown by the sign of the 4&-Cy—Cs—Cq torsional angle, conformers have the quinuclidine moiety on the same side of
which has negative values for all the low-energy structures in the plane of the aromatic ring, while the(&)-conformers have
case of the 4(R)-diastereomer and positive values for the it on the opposite side. It must be mentioned here that the 4
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’ e 2
4-(R)*-CDH;/' 4-(8)"-CDHg

Figure 5. Ball and stick model of the low-energy structures obtained by stepwise variation°istdps of torsional angles and 7, of the
optimized conformers: (a)’4R)®-CDHg?; (b) 4-(R®-CDHg?; (c) 4-(R)**CDHg'; and (d) 4-(S°*CDHg?.

(R)-conformers have the quinuclidine moiety on the same side Comparing the values obtained by calculation for the<
as it is in the open (3) conformer of CD. Hg distance shows that, in all cases, except fefR}*+CDHg,*

c. Comparison of the Results of the ab Initio Calculation this value is between 2 and 2.5 A (see Tables 1 and 3). The
with the NMR Data. H NMR spectra and selected NOESY only exception is the '4(R)¢-CDHg! conformer for which the
traces of the two isolated hexahydrocinchonidine diastereomerssaid distance is 3.21 A. On the other hand the intensity of the
are presented in Figures 6 and 7. The assignment ottthe  Hs—Hg cross-peak in the NOESY trace of the CPHdiaste-
NMR signals for both diastereomers have been published reomer is very low, while in that of CD#Il has an intensity
recently (the two diastereomers were denoted according to theirsimilar to the H—Hg cross-peak (see Figures 6 and 7, traces b
elution order, which has also been used in the present Work). and d). Accordingly, one may assume that the configuration of
The signal intensities in the NOESY traces were compared with the Cy chiral center in CDIHI diastereomer iS5, in the CDHs-1
the intensities of the k+Hg cross-peaks (thed+> Hg distance diastereomer i® and a conformer with a structure close to that
is 2.45+ 0.02 A, shown also by the calculation results). For a of 4'-(R)®-CDHg! is present in the solution of the'-fR)-
specified interprotonic distance the values for all the computed diastereomer. Furthermore, the high values of the<H Hg
structures were taken into account and compared with the distance for all the computed structures (higher than 3.7 A)
corresponding relative intensities of the NOESY cross-peaks except for the 4(R)®CDHs! conformer (2.37 A) can also be
from the traces of the two compounds. correlated with the high-intensityg+Hg cross-peak observed
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Figure 6. *H NMR spectrum and traces of the NOESY spectrum of GIDHa) *H NMR spectrum and (b) ¥ (c) Hz, (d) Ho, and (e) H NOESY
traces.

TABLE 3: Selected Interproton Distances (A) for the Low-Energy Structures Obtained by Variation of r; or 7, Torsional
Angles in a Step of 18

4'-(R)™CDHs* 4-(R)»CDHg? 4-(R)°®-CDHs" 4-(9°LCDHg?
Hs <> Hg 2.02 2.23 3.21 2.49
Hs <> Hg 2.37 4.69 4.96 5.08
Hs < Ha 3.31 3.31 2.64 2.53
Hs <> Hegen 4.64 4.00 4.50 3.04
Hgy < Hg 2.46 3.00 2.98 2.35
Hay < Hs 3.72 2.73 3.15 3.23
Hs < Haax 3.06 3.06 2.28 2.36
Ha < Hzeq 2.47 2.47 2.63 2.58
Hg < Hg 2.45 2.97 2.57 3.01
Ho <> Hgen 2.94 2.06 2.55 2.14
Ho <> H7en 3.68 2.80 3.61 2.49
Hg <> Hzax 2.98 3.24 3.25 3.76
Hg <> Hazeq 3.98 2.11 1.59 2.16
H7e><<_> H3‘eq 3.29 4.44 3.05 4.47

in the NOESY trace of the CD§d compound (see Figures 6 corresponding to kin On the other hand the same trace of
and 7, traces b and e). However, this also shows that this CDHe-Il presented a small signal of theséd proton which can
compound is present in solution (benzene) as a mixture of be correlated only with the 3.04 A distance measured in the
conformers. 4'-(9°+CDHg? structure. Accordingly, one may assume that the

The third distance which provided unambiguous evidence was CDHg-1l compound is the 4(S)-diastereomer. As was shown
the Hy < Heen distance, which had values almd A except above, these compounds are present in solution as mixtures of
for the 4-(S)e%-CDHg? structure (3.04 A; see Tables 1 and 3). conformers, making impossible the unambiguous interpretation
The Hs NOESY trace of CDH does not contain signal  of the other signals in their NOESY spectra.



866 J. Phys. Chem. A, Vol. 109, No. 5, 2005 SZzdldsi et al.

(d)

H3’eq

H en H ’ax
(c) 6 H8 3
A
He Hoo |

Hy

] N (b) ) JL_/Hi Ika

] @ .

L L D N B B B B B B B B B |

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

Figure 7. 'H NMR spectrum and traces of the NOESY spectrum of GIIH (a) *H NMR spectrum and (b) ¥ (c) Hs, (d) He, and (e) H
NOESY traces.

TABLE 4: Selected Torsional Angles (deg) for the Low-Energy Structures Obtained by Variation ofr, or 7, Torsional Angles
in a Step of 15

4'-(R™-CDHg! 4-(R>CDHg? 4'-(R)°*-CDHe! 4-(S°*-CDHg
o Cs—Cs—Co—Cs 60.0 —29.9 -30 56.3
T Cs—Co—Cs—N; 163.0 75.0 143.6 45.0
75 Hg—Cs—Co—Heo ~70.0 —158.0 -86.9 176.3
Cs—Cy—Cs—Co -19.0 -19.0 -59.2 70.6
Cy—Cs—Co—Cs -66.9 ~156.8 —160.7 ~177.4
Hs—Cs—Co—Hso —-64.1 —154.1 ~157.8 53.8
Ha—Cas—Ca—Haax -179.8 -179.8 322 —44.2

In both'H NMR spectra the signals of¢rotons appear as  constants cannot be used to support the conclusions drawn from
double doublets, coupled with the; lHroton with coupling con- the combined density functional theory (DFT) and NOESY data,

stantsJyg—ns, 8.7 Hz for CDH-l1 and 8.0 Hz for CDH-II, and as these coupling constants are dependent on the presence and
with the Hy proton with coupling constantkg—ns, 2.8 Hz for the population of different conformers.
CDHg-l and 3.9 Hz for CDH-II. Such high values of thég—pns Identification of all the stable conformers of these two

vicinal coupling constants can be obtained if these two H atoms diastereomeric compounds needs further computational and
are positioned close to staggered orientation. However, for bothexperimental studies; a full conformational search may be the
4'-(R)- and 4-(9-diastereomers we have obtained such struc- subject of our next study.

tures (4-(R*-CDHg? and 4-(9¢+CDHg?), having the H—Cqy— d. Comments on the Hydrogenation of CD and on the
Csg—Hg torsional angle close te-180 and+18(, respectively Behavior of the Hexahydroderivatives as Chiral Base
(see Tables 2 and 4). Accordingly, the observed coupling Catalysts.As described above, the configuration of thed®iral
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TABLE 5: Cinchona Derivatives and Results Obtained by Their Use as Base Catalysts in the Michael Addition of ECP to

MVK

configuration of the chiral center

results of the Michael addftion

compound G Cy Cs Co Cu [a]p?02 reacn time (h) yield (%) d]p?c ed (%)
CD R S S R —108 8 90 —10.9 56
CDHe-I R S S R R +117 24 12 —6.6 34
CDHe-ll R S S R S —56 24 76 +5.5 28

a Optical rotations of the cinchona derivatives (see Experimental Secti®gaction conditions: 10 mmol ECP; 12 mmol MVK; 10 mL toluene;
0.02 mmol cinchona; 28C27 ©Optical rotations of the isolated products (25; I, 0.5 dm, neat)? Determined by chiral capillary GC.

(0}
OEt
O

0.

(0) OEt
O
O. + \)k E—
CH,
ECP MVK EBCP

Figure 8. Base-catalyzed Michael addition of ECP to MVK.

center isR in CDHg-1 and S in CDHg-Il. Thus, the product
mixture resulted in the hydrogenation of CD over Pt catalyst
contains the 4(9-diastereomer in excess (ee20%). Accord-

ing to the computation results this diastereomer is more stable
than the 4(R)-diastereomer. The4S)-conformers have lower
electronic energies than the structures obtained for H{R)4

on the opposite side of the tetrahydroquinoline ring. Accord-
ingly, it can be concluded that the relative orientation of the
two ring systems in the catalyst molecule will play a crucial
role in determining the way the substrates are bonded and will
determine which enantiomer will form in excess. The low ee
values obtained by using the hexahydroderivatives may be the
consequence of the increased mobility of the quinuclidine moiety
relative to the tetrahydroquinoline ring and consequently the
decreased steric hindrances exerted on the substrates (as
compared to CD). However, the presence of thessdcondary
nitrogen in the hydrogenated molecules makes possible further
derivatization, by alkylation or acylation. Furthermore, this
secondary amino group being relatively far from the stereogenic
center of these molecules opens the possibility of using this
functional group to bind these homogeneous chiral catalysts over

diastereomer. This could be the reason of the formation in excessgq)ig supports, making them easily recyclable and reusable.

of the first one. The structures that resulted by calculation for
the 4-(R)-diastereomer have the quinuclidine moiety on the

4., Conclusion

same side of the aromatic ring plane as in the open (3) conformer

of CD. Thus, addition of H atoms from the metal surface to the
open (3) conformer of CD and formation of the cis-addition
product would lead exclusively to thé-@R)-diastereomer. The
hydrogenation of CD resulted in the formation of both diaster-
eomers?’ moreover, according to the above identification the
4'-(9-diastereomer was formed in excess. This may be the
consequence of the presence of other CD conformers during
the reactior?* Adsorption of the closed (1) conformer can lead
by cis-addition of H to the 4-(S-diastereomer. A more

In summary we here performed an optimization by ab initio
method using a large basis set for cinchonidine and its two
1',2,3,4,10,11-hexahydroderivatives. In the case of the two
hexahydrodiastereomers the flexibility of the partially hydro-
genated quinoline moiety was also taken into account, resulting
in two low-energy structures for thé-@R) isomer. Our study
included a conformational search on all the optimized geometries
by independent incrementation of two torsional angtesaqd
77) and calculating the single-point energies of the resulting

plausible explanation may be the tilted adsorption of CD on Structures. Thus, rotation around thg-€Cs and G—Cg bonds

the Pt surface, demonstrated to take place at high CD concentraled to conformers of close energies, providing evidence on the
tions#041The possible effect of the desorption and re-adsorption Possible presence of other stable conformers in the solution of
of tetrahydrocinchonidine intermediates also cannot be ruled these cinchonidine derivatives. We have compared our results
out; the formation of such intermediates has been proven by With the data obtained from NOESY experiments. This com-
electrospray ionization mass spectroméry. parison resulted in identification, within the limitation of this

Finally, the configurational assignment of the two diastere- Study, of the configuration of the (Cchiral center of the two
omers allows us to comment on the surprising results reportedisolated compounds, which was our primary goal. We could
recently, obtained by the use of these compounds as catalyst§ISO propose a reason for the excess formation of a particular
in base-catalyzed Michael additi@hAddition of ECP to MVK diastereomer, '4S), which was more stable than all of the
catalyzed by cinchona alkaloids resulted in the enantioselective-(R) conformers. The results obtained by the use of these CD
formation of ethyl 1-(3oxobutyl)-2-oxocyclopentanecarboxyl- derivatives as chiral ca_ttalysts in M|cha_el addition of a cychc_
ate (EBCP) (see Figure 8). Selected results obtained in this/-keto ester to methyl vinyl ketone were interpreted on the basis
reaction together with the configuration of the chiral centers of Of our identification. Our study is the first detailed study in this
the catalysts and their specific optical rotations are summarized@rea aimed at elucidating a structegroperty relationship for
in Table 5. hydrogenated cinchonidine diastereoisomers.

The ee obtained when either of the hexahydrocinchonidines . ) .
were used as catalyst were lower than that obtained by the use Acknowledgment. Financial support by the Hungarian
of CD. However, the two diastereomers provided different National Science Foundation (Grants OTKA TS 44690 and T
enantiomers in excess. Thus, we can assume that one of th&38342) is highly appreciated.
binding sites of the reactants during the reaction is present in
the proximity of the new @ chiral center of the alkaloid
molecules. The use of the diastereomer assumed to bé-the 4
(R)-isomer resulted in the excess product of the same config-
uration as that obtained by the use of CD. One may recall that 119
the quinuclidine moiety in this diastereomer was positioned
similarly as in CD, whereas in the-§S)-diastereomer it was
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