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A parallel library of 108 4-aryl-1,4-dthydropyrimidine (DBPM) enantiomers, which .me potential selectors 
for chiral 1-IPLC separations, was synthesized using the single-step Biginelli multicomponent condensation. 
The Individual compounds were screened by observing the enantioselectivity for resolution on a "brush-
type" i.-(3.54inlirobenzoyl)leucine-based cblEai stationary phase, and separation factors a up to 12 were 
achieved. The best candidates from the library contained an ortho-substituted aromatic group at C4 carbon 
atom of the pyrinildinc ring and an ailcyl substitrient at NI nitrogen atom. Resolution of the enantiomers of 
the lead compound. 4(9-phenanthryl)-DRPM S. using somipiuparative chiral IIPLC followed by attachment 
to monodisperse macroporous arulnomethacrylate beads, provided the novel polymer based chiral stationary 
phase with good enantioselectivitias in the resolution of several ar-acidic aryl-dihydropyrimidines and 
derivatized profens. In addition, 35-4initr0bcnzamido derivatives of 

a. -amino acids could be resolved under 
normal phase IIPLC conditions with separation factors up to 8. 

introduction 

The continuing trend to replace racarnic drugs, agrochemi-
cals, flavors, and some other products with their single 
enantiomers Is driven by Increasingly restrictive regulatory 
requirements due to the awareness that Individual enanti-
omers have different Interactions with biological systems. 
There axe several methods to obtain enautiomerloally pure 
compounds:’ (1) syntheses based on chiral starting materials 
from natural sources (pool of chiral building blocks); (ii) 
enautioseleclive reactions; (iii) separation of a racemic 
’nbthlre using methods such as crystallization viq dlastereo-
.&onrers, enzymatic or chemical kinetic resolution, and 
chromatographic separation. The synthesis of enantlomerl-
cally pure compounds often leads to products mulched to a 
certain degree with one enantiornar rather than a completely 
pure compound. Therefore, an additional purification step 
is required if the product is needed In an enantlomeilcafly 
pure state (100% ea). 

The liquid chromatographic- method of separation of 
enandomars using ciliral stationary phases (CSP)emerged 
about one decade ago as a method useful for analytical assay’s 
in Clinical testing as well as preparative and production scale 
separations due to its high efficiency and ease of operation 
In any scale. Preparative chromatography permits pharma-
cological and toxicological studies to already be carded out 
before an asymmetric synthesis has bdsn develojed and 
provides both enantiomers that am required for comparative 
biological testing. Therefore, a laro nnmber of CSPs have 
been developed tomcat the challenge of enantiornar separa-
tions, and numerous CSPs ale now commercially available.2 
Most commercial CSPs contain either chiral polymers or 
smell-molecule selectors supported by porous silica heeds. 

.XP_e257474A_I. 

Optically active polymers, such as modified cellulose, 
polyacrylates, and proteins, have been used successfully for 
a variety of enantioseparations of small molecules.2 Unfor-
tunately, the mechanism of separation for these CSPa is not 
completely understood, which makia it difficult to develop 
new media of this type. In contrast, bonded natural and 
Synthetic chiral selectors such as antibiotics, substituted 
cyclodextrias, crown ethers, and "Pirkle-type" selectors have 
several advantnge4 including well-defined molecular struc-
tures and enantiomer "recognition" models. 

The separation of enantiomers on a CSP requires the 
formation of diastereoIsoureric adsorbate "complexes" be-
tween the analyre and the CSP. Snantiomer recognition with 
Pirkie’s "brash-type"stationanj phases is achieved as a result 
of three simultaneous attractive interactions (donor�acceptor 
interactions such as hydrogen bonding, ar-stacking, dipole�
dipole interactions, etc.) between the selector and one of the 
enandomers being separated, with at least one of the 
Interactions being stereochemically dependent3 (the Del-
gilesh’s three-point model4). Compared to all others, Piride-
type systems afford the most flexibility In the development 
of many different chiral stationary phases for the separation 
of a broad range of analyte types.-I-6 The majority of the 
original chiral selectors for "brash-typo" CSPs was derived 
from natural sources. Selectors prepared from quinine7 and 
amino acids, such as phenyl glycine and leucine,5 era the 
most common examples. Further development of highly 
selective ON requires the design of new types of synthetic 

receptors that also make use of compounds outside the pool 

of natural chiral building blocks. 
A CSP Is a complex system that Involves the solid support, 

the selector, and the linker connecting the two. Ideally, 
10.10211cc980014p CDC: $18.00 0 1999 Anrezima Chemical Society �PubUsbed on Web 1211511993 
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Figure 1. Concept of contbinatoiial approach to the preparation 
of chual stationary phases. 

Interactions that lead to enantioseparation are maximized 
while nonspecific interactions are completely suppressed. Po 
examp1e we have recently designed a polymer-bound "brush. 
type!’ chiral stationary phase with improved performance 
based on our advanced size rnonodlsperse porous organic 
polymer beads. We demonstrated that separation media based 
on an organic polymer support provide greatly enhanced 
enantioseleetivlties and reduced retention times when com-
pared to analogous silica-based chiral stationary phases 

as 

a 
result of substantially decreased nonspecific interactions-10 
Similarly, a study of common linkers led to the design of 
binding chemistry with minimized effects on enantiomer 
recognition." 

Combinatorial cbeinistry’ Is a powerful tool for the rapid 
preparation of large numbers of different compounds with 
numerous applications in the development of new drugs and 
drug candidates.0 metal complexing ligands,0 polymers,14 
materials for electronics,0 sensors,16 and peptidic ligands for 
affinity chromatography’7 and In suprmolercbexrdstsy.’8 
Such an approach provides the diversity needed fOr the 
discovery of lead compounds and allows prompt optimiza-
tion. 

In this article, we describe one possible approach to use 
combinatorial chemistry as a tool for the rapid development 
of novel, highly selective chiral stationary phases for HPLC 
(Figure 1). This approach Involves an application of the so-
called principle of reciprocity" which has been used by Pirkie 
at al for the development of CSPs capable of.separating 
important classes of phaonaceuticals, such as fl.adrenergle 
blocke&° and nonsteioidal antiinflanunaory drug (a.-

� aryipropionic acids, profens).Sb 

Results and Discussion 

Multicomponent condensation strategies2’ bring together 
a substrate and twó or more reactants and provide durable 
core structures and highly variable side-chains in a single 
step from simple starting materials. Therefore. these strategies 
are important for combinatorial syntheses of small-molecule 

" Biginelli dihydropyrbuldine synthesis, first 
4XP_87414A__I_I 
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reported more than 100 years ago, Is one class of multi-
component condensation that has been recently adopted to 
solidZ and fluorous phasese syntheses. This reaction involves 
acne-pot cyolocondensation of -keto esters, aldehydes, and 
ureas, providing heterocycles that have a well-established 
pharmacological potenUal8 (Scheme I). For our purpose, 
it was essential that a variety of substituted compounds be 
obtained in which an aromatic substitnent R, is appended to 
a chiral center also flanked by po!ar or hydrogen-bondir( 
flmctionalities. We applied the classical solution three-
component Biginelii condensation protocol to obtain a small 
parallel library of 108 Individual 4-aryl-1,44bydropyrimi-
dine (DHPM) enantiomers 4.28 

In a typical reaction, a urea was mixed with I equiv of an 
aldehyde and 1.5 equlv of 

a 

j-keto ester in the presence of 
cmtalytic HO in ethanol, and the mixture was stirred for 3 h 
under reflex. The product was isolated from the crude 
reaction mixture by simple crystallization and provided the 
racemic DIIPM in 20-60% yield and >80% purity (ac-
cording 

to ’H NIvIR).2’ The reactions were done on al�iS 
mmol scale to provide 0.5-1 g of the final E)HPM5. Most 
of the substituents around the DHPM ring system were varied 
by simply choosing from a large set of aromatic aldehydes, 
weaslthioureas, and acetoacetates/acetoacetamides shown in 
Figure 2. Most of these compounds are commercially 
available or could be easily prepared. With this small library 
of diverse racemlo DHPMs in hand a basis was set ;n 
establish a correlation between the structural features of 4, 
DEEM and the enantioselectivity achieved In a chiral 

separation process. 

Screening. To perform such a correlation, our library was 
"screened" with a CSP based on a ($)-(3,54nitrobcnzoyl)-
leucine selector 6, which has been extensively used for the 
enantioseparalions of various classes of compounds, includ-
ing benzolazepinones and succfnlmides,30" This "inverse" 
selector was immobilized on monodisperse macroporous 
pç,ly((N-methyl)amlnoethyl  rnethacrylate-co-methy) meth-
acrylate-o-ethylene. dimethacrylate) beads 5 via a tertiary 
amble bond (CSP 7, Scheme 2). The physical and chemical 

properties of time polymeric beads were previously opti-

mized for the "classical" preparation of highly selective chiral 
stationary phasa." 

The screening tesulta of our DHPM library using CSP 7 

under standard normal phase conditions with CII202 as the 
mobile phase are summarized In Tables I and 2 and in 
Figures 5 and 6. While some racemic DHPMs In the library 

are not resolved at all (separation factor a. = 1.9), rather high u values of up to 5.2 were achieved for the top 

candidates such as 4-(9-phenantbryl)-D}IPM 8 (entry 41). 
Figure 3 shows the chromatographic separation of this racemate. - 

11 
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2. Building blocks for the DHPM 1lbrer. 

spection of the data in Tables 1 and 2 reveals some of 
structural requirements necessaty for enantiomer recogni-

By coniparing N-alkylated D1PMs either at positions 
3 of the ring shown In Scheme I (and thus, different 
ogen-bonding sites), several enaniioseparatlon effects 

n noted. First, as expected, only DHPMS containing a 
Irogen-bonding donor at posItion 3 next to the chisel canter 
n separated. Remarkably. DHPMS with, nonsubstituted 
ogen atoms at positions I and 3 (Table 1, entries 1, 8 
21, 23, 37, 43; Table 2, entries 1 3, 5, 9) resulte4 In 
stations with longer retention times and decreased separa-

factors a. This is most likely due to simultaneous 
Irogen bonding at both nitrogen sites, and, therefore, 
teased nonspecific interactions between the selector and 

eplacement of the hydrogen atom- at the NI 
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Figure 3. SeparatIon of DHPM ()-8 (entry 44) on chiral 
stationary phase 1. ConditIons: column, 150 x 4.6 ram i.d.: mcihile 
phase, dichioromathane, How rare, 1 xnLlmin. 

Scheme 2 
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’--oj 
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N; Cap  

nitrogen atom with an alkyl substituent eliminates the 
nonspeciHc interaction and improves the separation. 

If a ebiral aliphatic substituent is Introduced at the 
exocyclic ester bond, only moderate changes in enantiose-
lectivity occur (e.g.. Table 1, entry 30 versus 24). Interest-
ingly, the presence of an additional hydrogen-bonding site, 
such as an exocycic secondary amide bond, does not seem 
to affect the separation process (Table 1, entry 34 versus 
24). 
Not surprisingly, incresing the ar-basichy of the aromatic 

group at C4 results in higher separation factors due to a 
stronger interaction with the ,r-acidic 3,5-dinitrobenzoyl 
group of CSP 7 used for the screening. However, the 
substitution pattern as well as the r-basicity of the aromatic 
group plays an OssentiM role. DHPMs with ortho-substituted 
aromatic groups show much higher cnantioselectivilies 
compared to mete. and pars-substituted groups. For example, 
The observed enantioselectivhy for the 1-naphthyl-DHPM 
(entry 24) Is almost twice that of the corresponding 2-naph-
thyl derivative (entry 22). Nevertheless, addition of a second 
ortho substituent in the aromatic ring of the DH?Ms leads 
to a dramatic deterioration of enatioseparation as observed 
with .the 9.anthryl- (entry 40) or 2-rnethoxy-1-napbthyl-
substituted (entry 39) DIM. 
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Table 1 Separation of AtyI.DHPMS 4 (X = 0) on CSP 7 

DHPM derlvadv&’ MC data 

entry R1 R2 R3 k2’ z 

1 phenyl 14 ethyl 2.77 1.0 
2 plienyt methyl ethyl 0.49 1.0 
3 4-’PrPh methyl ethyl . 0.33 1.0 
4 2,4-Me2Pb methyl ethyl 0.76 1.5 
5 3-MeOPh methyl ethyl 0.57 1.3 
6 4-MeOPh methyl ethyl 0.69 1,2 
7 2,3-(MeO)2Ph. methyl ethyl 0.16 1.2 
8 2,4-(MeO)2Ph 14 ethyl 1.81 1.1 
9 2,4-(MeO)2Pb methyl ethyl 0.35 2.9 

10 3,4-(OCH20)Ph methyl ethyl 0.58 1.0 
ii "2-(OH)Ph" methyl ethyl 085 1.0 
12 3-(OH)Ph methyl ethyl 2.90 1.0 
13 2,4-Cl2Fb methyl ethyl 0.33 1.0 
14 3-NO2Ph methyl ethyl 0.73 1.0 
15 3,5-(N01)2Ph H ethyl 3.32-1.0 
16 3,5-(NOTh methyl ’ ethyl 1.08 1.0, 
17 2,4-(NO.Ph methyl ethyl 0.13 1.0 
18 4-(CN)Ph methyl ethyl 0.66 1.0 
19 4-(CP)Ph methyl ethyl 0.66 1.0 
20 2-thlophena methyl ethyl 0.71 1.0 
21 2-naphthyl U ethyl 3.60 1.0 
22 2-naphthyl methyl’ ethyl 0.89 1.7 
23 1-naphtbyl 11 ethyl 4.26 1.4 
24 ]-naphthyl methyl ethyl . 1.86 3.2 
25 1-naphthyl allyl ethyl 0.95 2.3 
26 1-naphthyl phanyl ethyl 0..87 2.6 
27 1-naphthyl 3,5-14e2Ph ethyl 0.72 2.7 
28 3-naphtbyl methyl25-Me-1-Bu 1.63 3�5d 
29 l-naphthyl methyl (IS,23,5S)- 1.47 3.6 

myrtanyl 
30 1-naphthyl methyl (IR,2S,5)}. 1.17 4.1" 

menthyl 
31 1..naphthyl methyl (1$,2S,3S,51)- 1.13 2.8d 

3--
32 l-naphthyl methyl 142N 3.56 1.0 
33 1-naphthyl methyl MeaN 0.83 1.7 
34 1-napbthyl methyl (2-MePh)BN 1.86 3.5 
3$ ’2-0H-1naphthy1"’ methyl ethyl 3.24-2.1 
36 54402-1-napbthyl methyl ethyl 1.92 2.4 
37 4-MeO-1-riapbthyl H ethyl 6.77 1.9 
38 4-Me0-1-naphthyl. methyl ethyl 3.18 5.2 
39 2-MeO-1-naphthyl  methyl ethyl 0.46 1.3 
’40 9-anthryl methyl ethyl 0.54. 1.0 
41 9-plienaxtthryl , methyl ethyl 3.52 5.2 
42 9-pbenanthiy) methyl 2$-Me-1-Bu 3.50 5.2" 
43 1-pyrenyl H ethyl 9.56 1.6 
44. 1-pyrenyl methyl ethyl 5.81 4.8 - 

Conditions: column, 150 x 4,6 mm, i.d.;mobile phase, CH2O. 
flow rate, 1 mL/niln; UV detection at 254 nut. b See Scheme 1 for 
subethuents ft,-R3. a DHPM Is a tdcycJlc, oxygen-bridged structure. 
see rer 33. d Separation factor of diastereolsouaerlc enantiomeric 
pairs. 

To further elucidate this ortho-substitution effect, we 
performed a single-crystal X-ray structure analysis of the 
racemic 4-(9-pbenanthryl)-DEW 8 (entry 41) which exhibits 
the highest enantioselectivity 

(a cq 

5.2) among the series of 
2-oxo-DliPM derivatives shown in Table 1. The solid-state 
structure of this compound depicted in Figure 4 

shows a half-
boat-like ("sofa") conformation with the 9-phenanthryl 
group in a quasi-tudal or quasi-flagpole position and the m,& 
unsaturated exocycik ester in a s-cis conformation (Figure 
45. The stoically demanding "ortho-substituted side" of the 
9-phenanthryl group is positioned anii-periplano.r.to the C4-
05 bond, whereas the "mets-substituted side" Is syn-

_2281474A_L.. 
gum 4b). This essentially creates a cleft-like 

4XP

Lewanclowald at al. 

Table 2. Separation of Atyl-D}IPMs 4 (X = S) on CSP 70 
DHPM derivative5 HPLC data 

enay R1 R2’ R3 ki’ 
I phenyl H ethyl 1.42 1.2 
2phenyl methyl ethyl 0,29 1.0 
3 .I.napbthyl H ethyl 2.17 Li 
4 1-naphihyl methyl ethyl 1.10 4.7 
5 4-MeO-1-iiapb1hyl H ethyl 2.80 2.7 
6 4-Me0-1-nnphthyl methyl ethyl 2.29 8.8 
7 9-phenanllayl methyl ethyl 2.57 8.0 
8 9-phennthiyl methyl Et000C4Iu 1.69 11.7 
9 1-pyrenyl H ethyl 5.43 3.1 

10 1-pyrenyl methyl ethyl 7.86 9.8 
a Ions’ column, 150>14.6mm 1.d.; mobile phase, CB202; 

flow ram, I mLImln; UV detection 
at 

254 nsa. "See Scheme 1 for 
substhuents R1-R3. 

a) b) 

Figure 4 ORTEP representation of DHPM ()-8 (entry 44; see 
structure In Figure 3). The hydrogen atoms me not shown for clarity. 

structure between the aromatic and heterocyclic ring systems. 
This Is In contrast to the recently published conformational 
analysis tif 4-nryl-DHPMs containing a nopalkylated NI 
position and an ortho-substituted phenyl at C43 In this 
structure, the aromntc group was nearly bisecting the DIXPM 
ring (syncllrroJ to C4-05) with the ortho-substituent syn-

perlplwzar to C4-’H. 

Finally, another Important effect on enantioselectivlty v( 
observed when a thiourea was used instead of a urea input 
(see results in Table 2). In general, the selectivity factor for 
the 2.-thin -analogues increased 2-fold compared to the 
corresponding 2-oxo-DHPMs shown In Table 1. The com-
pound exhibiting the highest selectivity was a4-(9-phanan-
thiyl)-DRPM (a = 11.7; see entry 8 In Table 2). Obviously, 
the lower. elecironegativity of the sulfur atom leads to a 
decrease in the extent of undesired nonspecific interactions 
between the analyte and selector. 

Preparation of the Chiral Stationary Phase. In the next 
step, the but candidate from the series had to be isolated In, 
enantiomericafly pure form and attached to a macroporous 
support. Seveisi methods have been described for the 
resolution of racemic D1PMs?’ Most of these techniques 
involve multistep preparations of diastereoisomedc DHPMS 
followed by fractional crystallization. Although we prepared 
several diasccrcolsomeric D}IPMs by including a hiraL 
aceloacetate In the Biginalli reaction (see entries 28-31 and 
42, Table 1) and also Cried to form diastereolsomeric salts 

after hydrolysis of the exocycic bond, the dastereoisdnexs could not be resolved by crystallization even by using a large 

variety of solvent mixtures. Since our HPLC method used 
for the screening was very successful and resulted hr an 
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excellent separation of the individual enandonmrs, it was 
scaled-up to a aemipreparative size. A 60 x 0.8 -cm Id. 
stainless steel column packed with polymer-bound (S)-(3,5-
dinitrobenzoyl)leuclne (CS? 7) Identical to that utilized for 
the screening was used to obtain the desired milligram 
quantities of 2-oxo-4-(9-pbenanlhryl)-DHPM (�)-8 (>98% 
ee), which was selected as an example for the implementation 
of the chiral separation medium. 

To attach the Isolated selector to the amino functionalized 
macroporons polymethaoiylnte support 5, a suitable reactive 
group had to be made available. Although hydrolysis of the 
ester group of substituted DEEM Is a tempting route to 
provide, a reactive handle, this was not used because it 
requires harsh conditions and leads to a number of light-
sensitive byproducts detected by both ’IT.0 and NMIt in the 
product of this reaction that turned colored over time. A 
similar observation was made by Kapp& for other DH?M 

rivatives. A much more convenient route to introduce a 
.eactive site in DHPM is the functionalizatlon of the methyl 
group at the C6 carbon atom by a simple bromInation. 
Unfortunately, this reaction affords vary low yields for 2thlo-
D11?M. In contrast, the 6-bromomethy1-D1HPM (�)-9 was 
obtained in 95% yield using bromine at room temperature 
in chloroform without any racemizatlon In the product, as 
determined by l’WLC. Coupling of (�)-9 to the amino 
functionalized support  gave the chiral stationary phase 10 
(Scheme 3), which contains 0.20 mmo]/g of the DIIPM 
selector, according to its elemental analysis for nitrogen. 

Separation of Enantiomers with the Dibydropyrimidine 
Chins! Stationary Phase. CS? 10 was packed into a 150 x 
4.6 mm Ld. HPLC columns and a variety of analytes were 

� tested wider normal phase HPLC conditions. In general, CS? 
10 exhibits excellent separation factors up to values of about 
8 for a variety of racemic u-amino acid derivatives (Table 
3). These selectivities are slightly higher than those deter-
ctined in the reciprocal experhæents,’ although a direct 
comparison Is impossible due to the extra functionality 
introduced for binding the selector onto she polymer suj,pon. 
Unexpectedly, the substituted alanine derivatives are sepa-
rated with much higher enanlioseleclivities than the corre-
sponding leucine-based analytes. Figure  shows an example 

of 3.5-dlnilrobcnzamidoalanlne-N1N-

Journal 4 CornbhzaWrlal Chamlsvay, 1999, VoL 1, Na. 1 109 

Table 3. SeparatIon of Analytes on CS? 10-

entry anadyte k2’ a 

I 6.75 7.66 

tq 

2 O2!JLX.N_.., 4.70 3.99 

ND2 

6.94 5.74 

10,18 1.24 

03N NO3 

s. 131 134 
fl 

� NH 

6 , .JJJNth 3.02 - 1.32 

NOR 

.’ JzxrIc1904 3.52 125 

NO3 

°Condftjcm: column, 150 x 4.6 mm 14.; rnqbfle phase, banana/ 
dichlorometbane; flow rate, I mnlJmIn UV detection at 254 am. 

diethylautide enantlomers obtained using chiral stationary 
phase 10. Once again the selectivity Is good as a separation 
factor a. of 7.7 Is measured. Even though CS? 10 was 
designed for the separation of derivatized amino acids, other 
classes of compounds can also be resolved. For example, 
Table 3 shows that several n-acidic aryl-dlhydropyilmidlines 
and derlvatized profens can be separated with reasonably 
high enantloselectivllies. 

CSP 10 can also be u1ilizd under reversed phase condi-
tions. Figure 8 Showathe effect of water content In the mobile 
phase on the observed separation factor a for the separation 
of 3,5-dlnitrobenzamldoalanine-N.N-diethylamide enanti-
omners. The value of a decreases with the amount of wter 
introdümed into the mobile phase. This is likely due to the 
suppression of the hydrogen-bonding interactions between 
the CSP and analyte. However, rather good enantioselec-
tivities can still be obtained with up to 50% water (a. 3.5). 
Therefore, CS? 10 Is a versatile phase capable of enanhlo-
separations in either reversed phase or normal phase mode. 
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FIgureS. Selectivity factors for the separations of sublibraries of 
mçemlc ethyl 6-methyl- and ethyl 1,6-dimethyl-2-oxo4subslituted-
1,2.3tetmby&opyrInddine-S"CarbOXytates. 
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Figured. Selectivity factors for the separations of sublibrarles of 
racemic ethyl 6-methyl-2-ox.o-, ethyl 1.6-dimethyl-2-oxo-, ôthyl 
6-rnathyl-2-No-, and ethyl 11,6-dlmelhyl-24substhuted-1,2,3,4-

hydropyrimidine.5-carbuxylates. 

Conclusion 

In addition to typical drug discovery, combinatorial 
chemistry is a powcrfhl tool in molecular recognition as 
evident by this demonstration aimed at new selectors for 
chiral NPLC.se The strategy, based on the principle of 
reciprocity, Is general and may be used with a broad array 
of libraries of potenlial racemic selectors. Although wehave 
chosen a simple Biginelli three-component condensation 
reaction to prepare our library of selectors, many existing 
libraries of organic compounds could also be screened as 
potential selçctors for chiral recognition. When such a study 
Is carried out with structurally sainted families of compounds, 
a belier understanding of chiral recognition may be generated. 

Experimental Section 

General NIV1R (L}I, uc) spectra were recorded on Broker 
AXv1X-300 and 400 spectrometers at room temperature. 
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FIgure 7. Separation of 3.-d1n1trobenzamIdoaIunIrs-N.W-dicth. 
ylamide enantlomers on ’chiral stationary phase LU. Cundhuur: 
column,. 150 x 4,6 mm Lid.; mobile phase, d1ch)oroutuIuaue; now 
sate, 1 mLJmIn. 

I: 
4 
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FIgure S. Effect of the water content In the mobile phase on the 
separation factor a for the reversed phase separation of 3 
dlnitrobenzautidoalaulne-?4N-dlethylamlde enantloniers. Cone. 
Uons CSP 10; column, ISO x 4.6 sum 14.; mobile phase, 
acetonitd)c-water; flow rate, 1 teL/aria. 

cetrametbylsilane with coupling constants,), in hertz. Optical 
rotations were measured with a Petite-Elmer 241 polatimeter 
at room temperature using a 10 cm path length cell. 

General Procedure for the Bigleelli Reactions. A 
solution of aldehyde I (7.4 mmci), urea 2 (1.4 mmol), and 

acetoacetate or acetoacetamlde 3 (11.1 mmol) in ethanol (4 
ML) was treated with 1 dro, of concentrated hydrochloric 
acid and heated to reflex for 3 It. The resulting solution was 
cooled to   °C, and the product 4 was collected by filtration 
and recristaUlzed from ethanol. Alternatively, the solvent 
was removed under i,acutyn, and the residue was purified 
by column cln’omatograpl$i on silica gel using ethyl acetate/ 
hexane. ’ UeL oL c 

Ethyl 3,6-Dimethyl-2-oxo-4-(9.p1ienant}y1)1,,4tet. 
rahydropyriniidine-5-carboxylnte ((*)8, Entry 41, Table 
1). Compound (–)-8 was prepared according to the general 
procedure with 9-phenanthrene carboxaldehyde (1.00 g, 4.8 
mmol), N-methyl urea (0.36 g, 4.8 mmci), and ethyl 
acetoacetate (0.94 g, 7.2 inmol) to afford 8(1.25 g, 7(%) as 

a white solid: mp 16 .170 O(  IN Nl2R (400 MHz, CDC13) 
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0.90 (t, I = 1.] Hz, 30), 2.72 (s, 3H), 3.26 (a, 30), 3.87�
..02 (m, 20), 5.58 (s, 10), 6.28 (a, 10), 7.55-7.69 (m, 50), 
’.82 (d, I = 6,7 Hz, 1H), 8.08-8.10 (m, 1H), 8.62-8.79 
in, 20); 13C NMR (75 MHz, CDC13) ô (13.8, 13.9), (16.3, 
63, 16.6, 16.8), (30.0,30.2, 30.3,30.4), (49.6,49.8), (59.8, 
0.0), 102.3, (122.4, 122.5), (122.9, 123.0), (123.4, 123.5), 
124.6, 124.7), 126.5-127.3, (126.2, 126.3), (128.7, 128.9), 
.29.4, 130.2, 131.1, 131.3, 135.6, 150.6, 153.6, 166.3; MS. 
21) rdz 314.345,301,197,178. Anal. Calcd for CmR.N203 
374.43): C, 73.78; H. 5.92; N, 1.48. Found C, 74.00; H, 
.12 N, 7.23. 
Compound (–)-8 was separated by semipreparative HPLC 

m CS? 7 using a 60 x 0.7 cm 14. column. More retained 
mantiomer (�)-8: [cz] �10 (a = 0.10, MeOB). Less 
rained enantloxner (+)-8: [a)D +11 (a 0- 10, MeOB). 

X-ray Structure of ().8. A colorless platelike crystal 
f (h)-$ having approximate dimensions 0.30 mm x 0.28 

bra x 0.05 nun was obtained from a CH0C12 solution 
ontaining I equiv Of W.znelbyl area. The crystal was 
nounted on a glass fiber using Paratone N hydrocarbon oil. 
Jl measurements were made on a Siemens SMART CCD 
uca detector with graphite inouocI2roulated Mb taiadiation 

= 0.71069 A). Cell constants and an orientation matrix, 
rbtalned from a least-squares refinement using the measured 
positions of 2726 reflections in the rose 3.00 <20 < 
0.00°,  corresponded to an A-centered orthodioibic cell with 
dimensions a = 21.460(2) A, b = 17.336(2) A, c = 112.445-
(1) A, ot = 90.000(0)0, fi = 90.000(0)0, 

v = 

90.000(0)°.The 
dam were collected ta temperature of -100+ I *C. Frames 
corresponding to an arbitrary hemisphere of data were 
collected using te scans at 030 counted for a total of 10.0 S 
per frame. Data were integrated by the program SAINT 
(Siemens Industrial Automation, Inc., 1995) to a maximum 
20 value of 469. A total of 8255 reflections was collected, 
of wlch 1711 were unique (R1,1 0.063). 
j

 
The structure was solved by direct methods and expanded 

using Fourier techniques. All non-hydrogen atoms were 
refined Isotropically. Assignment of the solvenr region as 
methylurea was based on analysis of the shape of the region 
of electon density and on the known Identities of compounds 
included in the synthesis and workup. Hydrogen atoms were 
included in the calculated positions, except for those on the 
disordered ester group of the molecule, but not refined. The 
final cycle of full-matrix least-aquaresd refinement was based 
on 762 observed reflections (1 = 3.60o(J)) and 146 variable 
parameters and converged with R (Re) 0.081 (0.076). 

Tables of the positional and thermal parameters are 
available as Supporting Information. 

Ethyl 1-Me yl-6-bromomethyl-2-oxo.4-(9.phenanthryl)-
1,2,3,4-tetriihydropyrbnlc]Ina-5-carboxylatc ((�)-9). To a 
solution of (�)-8 (the more retalnd enantiomer from the 
HPL.0 separatIon, 0.35 g, 0.93 mmol) in chloroform (2 niL) 
at room temperature was slowly à4ded  asàlutlon of Brs (SQ 
rrL., 0.97 mxnol) In chloroform (2 mL). After 13 b the solvent 
was removed, and the residue was purified by column 
chromatography on silica gel using ethyl acetate/methylene 
chioxide (1:9) to .yield (�)-9 as a yellow solid (0.42 

s, 

99%): (a)0 �531 (C = 0.10, MeOH); ’IINIvIR (300 MHz, 
(t, .1 = 7.1 Hz, 311), 3.43 (s, 30), 3.88-4.12 

Journal of Conthinalorial Chemistry, 1999, Vol. 1, No. j nj (m, 

214), 4.60 Or a, IH). 5.49 (br s, 111), 6.23 (d, J = 3.0 
Hz., 60), 6.48 (ci, 1 = 2.7 Hz, 10), 7.47-7.72 (ni, 50), 7.81 (d, 1 = 7.8 Hz, 10), 8.02 (d, I = 7.8 Hz., 10), 839 (t, .1 8.7 Hz, 20); ’C NMR (73 MHz,

 CDCL3) ci 14.2,24.9,30.7. 493, 61.1, 105.1, 122.8, 123.0, 123.9, 125.0, 126.7, 127. 1, 

127-2.177A 129.3, 129,5, 130.6, 131.5, 131.6, 134,8, 148.8, 
154.0, 165.0, MS (El) nile 452, 373, 345, 327, 299, 275, 

197,178; Anal. Calcd fur CFlziBrNzOi (453.33): C, 60.94; 
0, 4.61; 0,6.18. Found: C, 61.08; H, 5,01; N, 5.85. Preparation of CSP 7. To a suspension of poly((AL-

methyl)aminoethyl methacrylate-co-methyl methacrylatc..co-
ethylene dimethacrylate) beads" 5 (18 g) in methylene chloride (250 ml.) were added (3)-(3,5-d1nitrobeuzoy1)-

leucine5 6(13 g, 40 mmoi) and 2-ethox9-1.ethoxycarbonyl-
1,2-dibydroquinoline (BEDQ) (9.88 g, 40 rmnol). After the 
mixture was stirred for 24 h at room temperature, the beads 
7 were filtered and repeatedly washed with tetrahydrofuran 
tI’BP) and methylene chloride and then dried under vacuum. 
The selector content In the beads is 0.33 mmol/g based on 

elemental analysis of nitrogen. Preparation of CS? 10, To a suspension of amino functionalized beads" 5(130 g) inTO? (15 ret.) was added 

a solution of ethyl 1-methyl-6-bromomethyl-2-oxo-4-phenan-
threne-1,2,3,4-tetrahydropyrlmidlæe-5-carboxylate (�)-9 (0.40 

S, 8.8 rimiol) in TOP (10 ml.). After the mbrrtire was stirred 

at room temperature under nitrogen overnight, the beads 10 
ware filtered and repeatedly washed -with TOP, water,.  and 
methanol and then dried wider vacuum. The selector content 
in the beads is 0.20 mniol/g based on elemental analysis of 

nitrogen. Chromatography. The chiral stationary phases 7 and 1 

were slurry packed at a constant pressure of 15.0 MPa into 
150 x 4.6 mm id. stainless steel columns. Preparative 
separations were conducted usinga 60 x 0.7 cm i.d. column 

packed with CS? 7. A Waters HPLC system consisting of two 510 1IPLC pumps, a 717 plus aur.osampler, a 486 IJY 

detector, and a Jasco OR-990 chiral detector, controlled by 
Millennium 2010 software, was used for all of the cliroma-tograpby. 

Normal phase and reversed phase chiral separations were 
carried out using C11202 and acetonitrile/water, respectively, 
as the mobile phases. The separation factors a (selectivity) were calculated using the following equation (1) 

where ic’p and k2 are the retention factors of the enantiotners 
defined as W, = OR tr;lIto (2) 

where lit and to represent the retention times of the compound 
and 1,34-trl-tarz-butylbenzene (void volume marker), re-
spactively. The racemic analytes N-(3.5-dinitrobenzoyl)-tx_ 

amino acid alkyl amides .and 3,54nftroanijdes were pre-

pared by methods similar to those reported elsewhere. III 
NMR and IR spectra are in agreement with the assigned 
structures shown In Table 3. 
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