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Abstract: Molecular imprinting has been used to create synthetic receptor sites for a series of chiral
benzodiazepines. A detailed HPLC analysis of binding properties using molecularly imprinted polymers (MIPs)
as the stationary phase showed that binding, as measured by chromatographic retention, shows significant
dependence on the chiral match or mismatch. In addition, the shape and spatial orientation of functionality of
the imprinted binding site is also critical for recognition. Imprinted polymers, therefore, are not only able to
discriminate between enantiomers of the imprinted molecule, they also demonstrate an ability to discriminate
between a wide range of enantiomers of structurally related molecules that have not been imprinted. The
ability of MIPs to discriminate between enantiomers of molecules in favor of the imprinted absolute
configuration, even as the structural homology between the enantiomers and the original template decreases,
indicates that the synthetic benzodiazepine receptors may serve as crude mimics of the natural receptor.
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Separation of Benzodiazepines

Figure 1. SEM image of 2538 um MIP particles. Surface area and
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benzodiazepine (bold entries). We would anticipate this result
in that an imprinted void within the MIP should selectively bind
molecules that have the best size, shape, and functional group
complementarity. In the absence of competing effects, a
molecule that has a superior “fit” at the site should be retained
longer by the MIP stationary phase. For enantiomers, this
diastereomeric cavity/molecule interaction is the only discrimi-
nating factor. The ability of benzodiazepine MIPs to produce
high o values for a family of molecules in favor of the absolute
configuration of the template is an important result of this study.
In addition, the recognition sites created by imprinting reflect
not only the chirality of the microenvironment, but also the shape
and functional group complimentarity of the sites (Figure 2).
It was found that as structural similarity between the imprint
molecule and the analyate molecule diminishes, both retention
and selectivity decrease. In our study, this was explored by

pore analysis indicate that these materials have an average surface aremodifying the side chains at the asymmetric center and

of 256 n¥/g, and an average pore diameter of 94 A,

Table 1. Benzodiazepine. Values for Retention on MIP
Stationary Phas@8

benzodiazepine derivative injected

4-hydroxy- benzyl indolyl isopropyl methyl

MIP template benzyl@ (8 (10 (@) (6)
a.S-9 4-hydroxybenzyl 3.8 25 13 1.6 14
b. S-8 benzyl 2.3 3.0 17 1.6 17
c.S-10indolyl 15 1.8 23 1.3 14
d. S-7 isopropyl 1.2 1.3 1.3 2.2 1.6
e.S-6 methyF 1.0 11 11 11 1.3

a Photochemically initiated polymer with acetonitrile used as the
porogen? HPLC performed using acetonitrile as eluehd MIP
prepared using the opposite enantionie, showed selectivity in favor
of the (R) enantiomers which was slightly higher than the data shown.

Individual benzodiazepine derivativess throughS-10 were
subsequently used to imprint ethylene glycol dimethacrylate
(EGDMA) polymers using methacrylic acid (MAA) as the
functional monomer. Solutions of template (1%), MAA (11%),
EGDMA (87%), and AIBN (1%) in acetonitrile were polym-
erized photochemically by UV irradiation for 12 h while
immersed in a circulating bath at # 2 °C. The resulting
polymers were crushed, extracted with methanol, ground, and
sieved to a 2538 um particle size (Figure 1). These particles
were slurry packed in 10 cnx 0.46 cm i.d. stainless steel
chromatography columns for evaluation by HPLC.

Solutions of enantiomerically pure benzodiazepine derivatives
were injected onto HPLC columns containing MIP stationary
phases imprinted with th&enantiomer of a benzodiazepine
derivative. Corrected retention volumes (capacity factk)$,

observing the resulting changes in thesalues.

More specifically, the MIP made from tt#6 benzodiazepine
(methyl derivative) showed lova. values for all nonmethyl
derivatives (row e). If one focuses on the steric environment at
the chiral center, the methyl group &6 will create an
imprinted “void” in the polymer cavity that should be too small
to accommodate any of the other side chains studied. We see
this expressed as moderate selectivity for enantiomers of
template6 and negligible selectivity for the other benzodiazepine
derivatives.

This situation is not likely true for binding sites created by
benzodiazepines containing larger R groups at the asymmetric
center. TheS-9 benzodiazepine (4-hydroxy benzyl derivative)
MIP is illustrative in this case because the imprinted cavity
should be large enough to accommodate most of the other side
chains. Discrimination between enantiomers of benzodiazepine
9is high,o. = 3.8 (row a). Making a relatively small perturbation
to the analyate by removing the aromatic hydroxyl group results
in a lower, but still significant, separation factor of = 2.5.
The a values continue to erode for the remaining derivatives
in reasonable order of how well each of t&eenantiomers
should be accommodated at the binding site based on the relative
van der Waals volume of the side chafhs.

This analysis can also be used to explain the other trends in
Table 1. TheS-7 MIP might be expected to have a slightly
larger binding site based on the van der Waals volume of the
side chains than th&-6 MIP and, therefore, it can accommodate
S-7 and S-6, but not the larger residues (row d). In t8el0
benzodiazepine (indolyl derivative) imprinted polymers, the
erosion ofo. presumably stems from a non-optimal fit and
noncomplementarity of the slightly smaller aromatic residues

were calculated against a void volume marker (acetone) and(row c). The lowera for analytess and7 stems perhaps from

the ratios of the&k values for each enantiomeric pair € K'd/
k'r) are summarized in Table 1. Thevalues across each row
show the ability of a specific MIP to resolve a series of
benzodiazepine enantiomers. Thevalues in each column

these residues having too much freedom atSH® imprinted
binding site to produce the best chiral discrimination. This MIP
presents a case where the large binding site is shaped uniquely
enough that none of the other residues exhibit high selectivity

indicate how a particular benzodiazepine is resolved on the seriedn binding, but because the smaller side chains can be accom-

of MIPs.

modated, some chiral preference is observed, unlike with the

Looking across the rows in Table 1, one observes that eachS6 MIP. Similarly, theS-8 benzodiazepine (benzyl derivative)

SMIP is most selective for theéS-enantiomer over theR
regardless of the imprint molecule. > 1). Additionally, the
highesta value in each row corresponds to that of imgrinted

(8) The capacity factok() is defined a¥’ = [(V(t) — V(0))/V(0)], where
V(t) is the retention volume and(0) is the dead volume or the retention
volume of a nonbinding substrate. The 95% confidence limits were
calculated for all capacity factors and separation factors. For the capacity
factors, all confidence limits were equal to or less th&h06. For separation
factors, all confidence limits were equal to or less theh1.

MIP creates a cavity that roughly accommod&®e® but does
not discriminate well among the other derivatives. The side chain
of S-10is too big to be accommodated in the recognition site,
while the smaller sizes of th&-6 andS-7 side chains result in
lowereda values (row b).

We can understand the retention and selectivity data as the
result of both specific and nonspecific interactions of analyte

(9) Creighton, T. EProteins Structures and Molecular Propertiésnd
ed.; W. H. Freeman & Co.: New York, 1993; Chapter 1.




462 J. Am. Chem. Soc., Vol. 122, No. 3, 2000 Hart et al.

Figure 2. (A) Receptor site simulated by the density surface of an X-ray crystal struct@€7pf (B) An attempted “fit” ofR{7) in the simulated
receptor site. The orientation &«7) was chosen so as to maintain the position of the carbonyl oxygen (red circle) and the amide NH and imine
nitrogen (blue circles) in both enantiomers.
Table 2. Benzodiazepine Capacity Factors for Retention on MIP Stationary Pitases

benzodiazepine derivative injected

4-hydroxybenzyl 9) benzyl ) indolyl (10) isopropy! (7) methyl ©)
MIP template k’R k’s k’R k'g k’R k’s k’R k’s k’R k’s
a. S-9 4-hydroxybenzyl 0.33 1.25 0.27 0.68 0.48 0.62 0.27 0.43 0.38 0.53
b. S-8 benzyl 0.44 0.99 0.38 1.15 0.47 0.82 0.32 0.52 0.44 0.75
c.S-10indolyl 0.51 0.79 0.43 0.76 0.57 1.31 0.42 0.54 0.52 0.70
d. S-7 isopropyl 0.23 0.26 0.22 0.29 0.27 0.34 0.19 0.41 0.23 0.36
e.S-6 methyl 0.36 0.38 0.29 0.32 0.40 0.41 0.30 0.31 0.41 0.54

2 Photochemically initiated polymer with acetonitrile used as the pordydRLC performed using acetonitrile as eluent.

with the polymer matrix. A close look at the corrected retention 3.0 35
volumes k) of the various derivatives indicates that the o5 ]

R-enantiomers, with a chiral mismatch to the imprint cavity, — 3.0 ¢,
have narrowly spread corrected retention volunkgg that are < 20 4 §
mostly indicative of the relative polarities of the molecules s~ L 25 &
(Table 2). Their order of elution is not influenced by the choice 8 45 g
of the imprint molecule. However, the corrected retention Z [ 50 B
volumes of the matchingS-enantiomers Kg) are strongly S 1.0 - "B
dependent on the imprint molecule and order themselves S D
according to a combination of specific and nonspecific matrix 0.5 :_l . = . F1’5 -
effects.Thea values are largely determined by the changes in -

K's relative to a nearly constant’'k This trend is shown 0.0 — T T 1.0
graphically in Figure 3, which plots the selectivity factor and 8 9 10 6 7

the capacity factors for each benzodiazepine derivative analyzed Benzodiazepine Derivative

using theS-8 imprinted polymer. This plot is typical of the other ) ) ) i )
Figure 3. Graphical representation of capacity factor and separation

2/'8:5::[5 tzg(tj mzrea:;\(etsetlgnaggiugsi,Tergcets)ettvy\]/gesnegéi\l,:?pg?]td factor data for benzodiazepine derivatives injected onto a HPLC column
Y y. . P ' Yy .., packed withS-(8) (benzyl) benzodiazepine imprinted polymét (M),

therefore the separation factor increases. The repeated select|V|ty<S (#), o (0).

of MIPs for the template molecule over so many structurally ’

similar species is striking. i " ~and chiral stationary phas#s!! The phenomena has been
It was found that changing the composition of the mobile
phase from pure acetonitrile to binary mixtures of acetonitrile  (10) Funk, M.; Frank, H.; Oesch, F.; Platt, K. L. Chromatogr. AL994

; ; ; 659, 57.
and chloroform caused a bimodal change in the capacity factor (11) (a) Pescher, P.; Caude, M.; Rosset]RChromatogr.1986 371,

of the template molecule (Figure 4). Thi§ behaviqr is a general 159 (p) Siret, L.; TambliteA.; Caude, M.; Rosset, R. Chromatogr199Q
observation that has been observed with a variety of solutes49s,67.
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. % Acetonitrile in Chioroform possible. Also in this group is the racemic mixture of Lorazepam
Figure 4. _Effect of eluent composition on the capacny _fact._') (©f that elutes as a somewhat broadened peak.
S(Is)r;’t:ta'“ed from an HPLC column packed wiB¥8) imprinted The third block of compounds includes racemic Lormetazepam,
POlymer. which is structurally related to Lorazepam with the exception
Table 3. Capacity Factors on ag-8 (Benzyl) Benzodiazepine of a methyl group on the amide nitrogen. Flunitrazepam, while
MIP Columr-® lacking a chiral center, also has tRemethyl group and different
molecule K molecule K substituents on the aromatic rings. The difference in retention
(S8 benzyl 115 (R)-9 hydroxy benzyl 0.4 between theN-methyl containing compounds and the non-
(-9 hydroxy benzyl  0.99 (R)-6 methyl 0.44 methylated compounds deserves further comment. Having
(S)-10indolyl 0.82 (R)-8 benzyl 0.38 already established the chiral center as a specific recognition
(9)-6 methyl 0.75 (R)-7 isopropy! 0.32 element, the amide nitrogen is implicated as a secondary site
(S)-7 ilsopropyl 0.52 {£)-Lormetazepam 0.29 for interaction with the matrix. If hydrogen bonding with the
(&)-Lorazepam 0.51 benzylamine 0.27 carboxylic acid groups of the matrix contributes to the recogni-
(R)-10indolyl 0.47 flunitrazepam 0.19

tion, the methylation of the amide nitrogen would severely
@ Photochemically initiated polymer with acetonitrile used as the disrupt the binding interaction. This seems to be the cause of

porogen.” HPLC performed using acetonitrile as eluent. the lowerk' in Lormetazepam compared to that of Lorazepam,

since the rest of the molecule is identical. The fact that

attributed to the intermediate polarity of the stationary phase Flunitrazepam, with no pendant chiral residue, has retention
with respect to the solvents being usédn acetonitrile, the ~ Similar to that of Lormetazepam suggests that the amide
higher capacity factor is contributed to by nonpolar interactions hydrogen is a significant determinant of binding. _
with the stationary phase. This interaction is reduced by addition Ve currently have no pharmacological data on the amino
of a nonpolar solvent, chloroform. In pure chloroform, the acid functionalized benzodiazepines. However, it is of interest
interaction with the stationary phase is polar in nature, and t note that while Lorazepam is an anxiolytic drug, Lormetazepam
therefore is reduced by addition of the polar solvent acetonitrile. @nd Flunitrazepam are classified as hypnotic drtigall
Table 3 shows the capacity factor | for a variety of benzodiazepines are CNS depressants and act by binding to a

substances obtained using a MIP imprinted with benzodiazepinerecel[’tor fory aminobutyric acid (GABA) in the brain and

S-8. As would be expected, the template benzodiazepine hadallosterically modulating its activity* It is known that many
the highest affinity for the s:tationary phase subtypes of GABA receptors exist, but as yet no association

. . . of subtypes with physiological effects has been made. It has
ff-.rhfsffof[?s of (t)ﬂ;er benZﬁdlazepAnes sh?w Sl('jghﬂ%.lovﬁr. been hypothesized that the wide range of benzodiazepine
decrehse in capacity factor most ikey results from the mismatch Prmacological eflects is due to the complex interplay of
of the side chain of the amino acid portion of the molecules different drugs preferentially binding different GABAeceptor

4
with the cavity formed around the template molecule. The fact subtypes:

that all of theSenantiomers are retained over fRenantiomers The fact that the hypnotic drugs elute differently than the
S 8 - ; anxiolytic benzodiazepine suggests that MIPs might be able to
indicates that the perturbation caused by the inversion of the Ve P 99 9

Y differentiate between molecules which bind to different subtypes
stereocenter has a more profound effect on the binding energy yp

) . . . 270of receptors as well. Using a MIP model of a specific receptor
tct;zi]nstlhze structural changes associated with different side subtype could greatly increase the speed and ease with which

. . . .. compounds could be developed having high binding specificity
The R enantiomers of the benzodiazepines appear at signifi- tor that individual receptor. In addition to obtaining new, more

cantly lower capacity factors. This highlights the importance specific drugs, we may also be able to learn more about the

of proper fit into the chiral cavity created by imprinting & likely composition and pharmacology of the GARAeceptor
enantiomer. It is important to note that selectivity between the g ptypes.

enantiomers of the isopropyl and methyl derivatives is achieved. |, summary, molecularly imprinted polymers were prepared
This demonstrates the wide range of structural variation that is ihat can be used to separate enantiomers of a series of

(12) At this time we have no information about the solution conforma- (13) Budavari, S., EdThe Merck Index11th ed.; Merck & Co., Inc.:
tions of the benzodiazepines being studied and what effect, if any, that Rahway, NJ, 1989; pp 5456 and 5458.
may have on recognition. (14) Sieghart, WJ. Psychiatr. Neuroscil994 19, 24—29.
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benzodiazepine molecules. A detailed HPLC analysis of binding ~ General Procedure for the Preparation of +-5. To a stirred
properties using MIP stationary phases showed significant solution of 2-amino-5-chlorobenzophenone (0.838 g, 3.60 mmol) and
dependence on the chiral match or mismatch with the shape ofthe partlcuIaIN-Boc-_amlno acid (3.3 mmol) in either methylene chloride
the imprinted binding site. These results demonstrate the ability & ML N-Boc-alanine and\-Boc-valine) or tetrahydrofuran (5 mL,
of MIPs to discriminate between enantiomers of molecules in '\ 5oC-typtophani-Boc-phenylalanine-Boc-tyrosine) was added

. . . . dicyclohexylcarbodiimide (DCC) (0.746 g, 3.6 mmol) in methylene
favor of the imprinted absolute configuration, even as the

Ih | h ? h L Ichloride (5 mL) dropwise, over 30 min at®@. The reaction mixture
structural homology between the enantiomers and the origina was stirred an additiom@ h atroom temperature. The dicyclohexyl
template decreases.

urea formed was filtered off and the filtrate concentrated. The crude
The reported results indicate that these synthetic benzodiazeproducts were purified as described below.

pine receptors may serve as crude mimics of the natural receptor. General Procedure for the Preparation of 6-10. To a stirred
While MIPs used as synthetic drug receptors may not mimic solution of the appropriate benzophenofie-§, 2.0 mmol) in chloro-
protein microenvironments, they may nevertheless prove usefulform (50 mL) at room temperature was bubbled hydrogen chloride gas
for screening large libraries of compounds for molecules with Slowly. After 20 min, the bubbling was stopped and the solution was
similar or related affinities. As molecular structure is key to Stired overnight at room temperature. The reaction mixture was washed
reactivity, it is possible that MIPs may be able to sort molecules with saturated sodium bicarbonate solutiox (50 mL) and water (2,

. . - . . 50 mL). The organic layer was dried (Mg®&nd concentrated. The
based on their pharmacological properties. In this specific case, oqiqual oil was dissolved in methanrakater (1:1, 30 mL) and the

the response of various drugs to a set of imprinted polymers i \as adjusted to 8.5 by the addition of sodium hydroxide (L N).
may provide clues to their binding of GABAreceptors,  The reaction mixture was stirred for 10 h at room temperature. The
providing a new technique for use in developing better, more solution was concentrated and water (50 mL) was added. The solution

selective pharmaceuticals.

Experimental Section

Instrumentation. Proton nuclear magnetic resonance spedcirh (
NMR) were recorded at 500 MHz on Bruker spectrometers. Carbon
nuclear magnetic resonance spectf@ N\MR) were recorded on Bruker

was extracted with CHCl, (3 x 50 mL) and the organic layer was
dried (MgSQ) and concentrated. The crude products were purified as
described below.
2-N-(N'-Boc-alanyl)amino-5-chlorobenzophenoneR-1 and S-1).
Recrystallization of the crude product from cyclohexane affortled
(1.088 g, 82%). Mp 150152 °C; *H NMR (CDCk) 6 11.19 (s, 1 H),
8.62 (d,J=8.6 Hz, 1 H), 7.68 (dJ = 7.90 Hz, 2 H), 7.61 (1) = 6.96

spectrometers at 125.8 MHz. Infrared spectra (IR) were measured onHz, 1 H), 7.52-7.48 (m, 4 H), 5.10 (br s, 1 H), 4.31 (br s, 1 H), 1.46
an Analect RFX-40 FTIR spectrometer. HPLC analyses were performed (d, J = 7.1 Hz, 3 H), 1.41 (s, 9 H}C NMR (CDCk) 6 197.8, 172.0,

with a Shimadzu LC-10AS dual pump gradient solvent delivery system
equipped with an SPD-10AV UV/Vis detector and a Hewlett-Packard
3396A integrator. A Thomas-Hoover capillary melting point apparatus

155.2, 138.4, 137.7, 133.7, 132.8, 132.5, 129.8, 128.4, 127.4, 124.9,
122.9, 80.2, 51.6, 28.2, 18.4 ppm; IR (KBr, thh3321, 2979, 2933,
1647, 1597; HRMS calcd for £&H23N>ClO4 402.1346, found 402.1334;

was used to observe uncorrected melting points. High-resolution mass[]26,(R-1) = +49.9 € 1.15, CHC}), [a]?6(S-1) = —49.3 € 0.965,
spectra (El, 70 eV or Cl, isobutane or ammonia) were obtained on a CHCly).
VG 7070E high-resolution mass spectrometer or Fisons Autospec mass  2-N-(N'-Boc-valyl)amino-5-chlorobenzophenoneR-2 and S-2).

spectrometer. Optical rotations were obtained using a JasCo DIP-360F|ash column chromatography (GEl,) afforded a colorless oil. Flash

digital polarimeter. UV irradiation experiments utilized a Hanovia
medium-pressure mercury arc lamp.
General ProceduresAll solvents were distilled from drying agents

column chromatography of this oil using 10:5:1 petroleum ethes/CH
Cl/Et;O provided2 (0.925 g, 65%). Mp 106108 °C; 'H NMR
(CDCly) 6 11.21 (s, 1 H), 8.66 (d] = 9.7 Hz, 1 H), 7.69 (dJ) = 8.3

(CaH: or Na/benzophenone) just before use. Ethylene glycol dimethacry- Hz, 2 H), 7.63 (t,J = 7.5 Hz, 1 H), 7.53-7.50 (m, 4 H), 5.10 (br d,

late (EGDMA, Aldrich) was distilled under reduced pressure (10
mmHg, 60°C). Methacrylic acid (MAA, Aldrich) was distilled over
CaH, (10 mmHg, 80°C). AIBN (Aldrich) was recrystallized from
methanol. Glassware was cleaned by soaking in an alcoholic KOH
solution overnight and rinsing with water; glassware was oven dried
overnight. All reactions were run under & Mtmosphere. Volatile
solvents were removed under reduced pressure usin¢chi Botary

evaporator. Thin-layer chromatography was run on precoated plates

of silica gel with a 0.25 mm thickness containing 60F-254 indicator
(Merck). Column chromatography was run using 2300 mesh silica
gel (Merck).

General Procedure for Molecularly Imprinted Polymer Synthe-
sis. A solution of ethylene glycol dimethacrylate (3.47 g, 17.5 mmol),
methacrylic acid (0.203 g, 2.40 mmol), and AIBN (0.033 g, 0.20 mmol)
in acetonitrile or chloroform (4.5 mL) was deoxygenated using nitrogen
gas for 15 min. Additional solvent was added to bring the volume of
the solution to its initial level. The appropriate enantiomer of benzo-
diazepine derivative6—10, 0.20 mmol) was added and the solution
was divided between two 20 mL flame-dried scintillation vials. After
further deoxygenating (5 min) the vials were sealed. The polymeriza-
tions were initiated photochemical by a mercury arc UV light source
at 0=+ 2 °C and allowed to proceed for 12 h under constant irradiation.
After crushing, the polymers were extracted with methanol for 36 h,

J=7.6 Hz, 1 H), 4.19 (brs, 1 H), 2.35 (m, 1 H), 1.42 (s, 9 H), 1.03
(d,J=6.9 Hz, 3 H), 0.94 (dJ = 6.9 Hz, 3 H);*C NMR (CDCk)
198.0, 171.1, 156.8, 138.5, 137.8, 133.9, 132.9, 132.7, 129.9, 128.5,
127.5, 124.8, 122.9, 80.2, 31.0, 30.8, 28.3, 19.4, 17.4; IR (KBrtm
3320, 2969, 2931, 1695, 1506; HRMS calcd fopstGN,ClO,4
430.1659, found 430.166217%(R-2) = +47.2 € 0.93, CHCY), [a]?%-
(S2) = —46.4 £ 0.85, CHC}).
2-N-(N'-Boc-phenylalanyl)amino-5-chlorobenzophenonex-3 and
S-3). Flash column chromatography (10:1 @Hy/Et,0O) afforded3
(0.978 g, 62%). Mp 136138 °C; *H NMR (CDCl3) 6 10.92 (br s,
1H), 8.62 (d,J = 8.9 Hz, 1 H), 7.64 (m, 3 H), 7.51 (m, 4 H), 7.20 (m,
4 H), 7.07 (m, 1 H), 5.04 (br s, 1 H), 4.52 (br s, 1 H), 3.16J¢ 6.2
Hz, 2 H), 1.38 (s, 9 H) ppmC NMR (CDCk) 6 197.4, 170.7, 155.2,
138.0, 137.6, 136.1, 133.7, 132.8, 132.4, 129.9, 129.1, 128.7, 128.4,
127.6, 127.0, 125.0, 122.9, 80.4, 57.0, 38.3, 28.2 ppm; IR (KBrim
2940, 1672, 1508, 1243, 1128; HRMS calcd fopH5/NL-ClO,
478.1659, found 478.16581%%(R-3) = +52.1 € 1.27, CHCY), [a]%%-
(S3) = —52.8 € 1.30, CHCY}).
2-N-(N'-Boc-tyrosyl)amino-5-chlorobenzophenoneR-4 and S-4).
Flash column chromatography (10:1 &H,/Et,O) afforded4 (1.109
g, 68%). Mp 156-158°C; 'H NMR (CDCls) 6 10.93 (s, 1 H), 8.59 (d,
J=9.0Hz,1H),7.65(d)=7.3Hz, 1H), 7.62 (tJ=7.5Hz, 1 H),
7.50 (m, 4 H), 7.02 (dJ = 8.3 Hz, 2 H), 6.66 (dJ = 8.5 Hz, 2 H),

then dried under vacuum. The polymers were further crushed using a5.08 (br s, 1 H), 4.45 (br s, 1 H), 3.08 (br s, 2 H), 1.38 (s, 9 H) ppm;

mortar and pestle and sieved to isolate the-28 um patrticles for use
in chromatographic experiments.

A slurry was made of the 2538 um particles in acetonitrile. This
slurry was forced into 4.6 mm i.dx 10 cm stainless steel HPLC

columns using a stainless steel slurry reservoir and a Shimadzu LC-

10AS solvent delivery system.

13C NMR (CDCk) ¢ 197.6, 170.9, 155.3, 154.9, 138.0, 137.7, 133.8,
132.9, 132.5, 130.3, 129.9, 128.5, 127.7, 125.1, 123.0, 115.7, 80.6,
77.5, 57.1, 37.5, 28.2 ppm; IR (KBr, ci¥) 3318, 2932, 1686, 1514,
1250, 1160; HRMS calcd for £H,7N.ClO4 (M + Na) 517.1506, found
517.1502; {]%55(R-4) = +58.2 € 0.972 CHC}), [a]?5x(S-4) = —59.0

(c 0.965, CHCY).
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2-N-(N'-Boc-tryptophanyl)amino-5-chlorobenzophenoneR-5 and
S5). Flash column chromatography (10:1 &H,/Et,0) afforded5
(1.197 g, 70%). Mp 156152°C; *H NMR (CDCls) 6 10.93 (s, 1 H),
8.63 (d,J=8.9 Hz, 1 H), 7.96 (br s, 1 H), 7.647.57 (m, 4 H), 7.5%
7.46 (M, 3H), 7.43 (s, 1 H), 7.19 (d=8.1 Hz, 1 H), 7.11 (t) = 7.0
Hz, 1 H), 7.04 (m, 2H), 5.17 (br s, 1 H), 5.60 (br s, 1 H), 3.45 (m, 1
H), 3.34 (dd,J = 14.6, 6.1 Hz, 1 H), 1.40 (s, 9 H) pprmC NMR
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raphy (7:3 Hex/EtOAc) afforde8 (0.582 g, 80%). Mp 108110 °C;

H NMR (CDCl) 6 9.19 (br s, 1 H), 7.45 (m, 4 H), 7.38 (m, 4 H),
7.32 (t,J= 7.6 Hz, 2 H), 7.23 (m, 2 H), 7.12 (br s, 1 H), 3.790t=

6.8 Hz, 1 H), 3.62 (br s, 2 H) ppm?3C NMR (CDCk) 6 171.9, 168.1,
138.9, 138.6, 137.0, 131.7, 130.5, 130.4, 129.8, 129.7, 128.7, 128.6,
129.3,128.2,126.2, 122.8, 64.9, 37.5 ppm; IR (KBr; €n2940, 2362,
1685, 1605, 1478, 1323; HRMS calcd for,8:/N.CIO 360.1029, found

(CDCl) 6 197.3,171.4, 155.4, 138.2, 137.6, 136.1, 133.7, 132.8, 132.4, 360.1017; {]?%(S-8) = +34.2 € 1.100, CHCY), [0]?*p(R-8) = —33.8
129.9, 128.3, 127.4, 124.9, 123.0, 122.9, 122.2, 119.6, 118.7, 111.1,(c 1.06, CHC}).
110.1, 80.3, 56.4, 29.7, 28.2 ppm. 24 signals were detected due to  7-Chloro-1,3-dihydro-3-p'-hydroxybenzyl-5-phenyl-2H-1,4-ben-

coincident signals in the aromatic region; IR (KBr, th3336, 2978,
2929, 1698, 1506; HRMS calcd for.§,6NsClO, 517.1768, found
517.1756; §#]%%-(R-5) = +81.6 € 1.01, CHC}), [0]?%(S-5) = —82.0
(c 0.91, CHCY).
7-Chloro-1,3-dihydro-3-methyl-5-phenyl-2H-1,4-benzodiazepine-
2-one R-6 and S-6). Recrystallization from acetone/water (1:1)
provided6 (0.460 g, 81%). Mp 168170°C; *H NMR (CDCl) 6 8.62
(s,1H),7.53(d)=7.2Hz,2H), 7.5%7.44 (m, 2 H), 7.39 (m, 2 H),
7.34 (d,J=2.4Hz, 1 H), 7.10 (d) = 8.6 Hz, 1 H), 3.75 () = 6.4
Hz, 1 H), 1.75 (dJ = 6.5 Hz, 3 H) ppm;**C NMR (CDCk) 6 172.8,

zodiazepine-2-oneR-9 and S-9). Flash column chromatography (8:2
Hex/EtOAc) followed by recrystallization (ED/cyclohexane) provided

9 (0.603 g, 80%). Mp 139142°C; 'H NMR (CDCl) 6 9.47 (br s, 1

H), 7.44 (m, 4 H), 7.36 (t) = 7.5 Hz, 2 H), 7.22 (d) = 2.4 Hz, 1 H),

7.20 (d,J=8.2 Hz, 2 H), 7.12 (dJ = 8.6 Hz, 1 H), 6.76 (d) = 8.4

Hz, 2 H), 3.72 (br tJ = 6.5 Hz, 1 H), 3.55-3.44 (m, 2 H) ppm%C

NMR (CDCl;) 6 171.3, 168.4, 154.3, 136.9, 132.8, 131.5, 132.0, 130.9,
130.6, 130.5, 129.9, 129.7, 128.8, 128.4, 122.8, 115.2, 65.0, 26.9 ppm;
IR (NaCl, cm') 3230, 2932, 1685, 1608; 1515, 1230; HRMS calcd
for C22H13N2C|02 (M + H) 3771057, found 3771057&]:24[)(5'9) =

167.8, 138.6, 137.1, 131.7, 130.5, 130.4, 129.7, 128.9, 128.6, 128.3,+27.9 ¢ 1.05, CHCY}), [a]?p(R-9) = —26.2 € 0.97, CHC}).

122.6, 58.8, 17.0 ppm; IR (KBr, cm) 3226, 3135, 2929, 1685, 1608;
HRMS calcd for GeH1sNCIO (M — H) 283.0638, found 283.0639;
[0]26p(S-6) = +124.4 € 1.05, CHCY), [0]?%p(R-6) = —123.6 € 0.99,
CHCl).
7-Chloro-1,3-dihydro-3-isopropyl-5-phenyl-24-1,4-benzodiazepine-
2-one R-7 and S-7). Recrystallization from petroleum ether/@El,
(40:1) provided7 (0.537 g, 86%). Mp 189191 °C; 'H NMR (CDCls)
09.29 (s, 1 H),7.537.31 (m, 7 H), 7.14 (2) = 8.7 Hz, 1 H), 3.11
(d,J=9.3Hz, 1 H), 2.782.72 (m, 1 H), 1.21 (d) = 6.7 Hz, 3 H),
1.10 (d,J = 6.5 Hz, 3 H) ppm;**C NMR (CDCk) ¢ 170.8, 167.5,

7-Chloro-1,3-dihydro-3-(3-indolyl)methyl-5-phenyl-2H-1,4-ben-
zodiazepine-2-oneR-10 and S-10). Water was added to the reaction
mixture to facilitate precipitation. Filtration of the precipitate followed
by recrystallization from acetone/water (1:1) provide@ (0.630 g,
79%). Mp 149-151°C; *H NMR (CDCl) ¢ 9.70 (s, 1 H), 8.11 (s, 1
H), 7.70 (d,J = 7.8 Hz, 1 H), 7.49-7.33 (m, 7 H), 7.237.06 (m, 5
H), 3.86-3.81 (m, 2 H), 3.73-3.66 (m, 1H) ppm*C NMR (CDCk)
0171.9, 168.0, 138.7, 136.9, 136.0, 131.8, 130.5, 129.7, 128.7, 128.6,
128.3, 127.7, 123.3, 122.7, 121.8, 119.1, 119.0, 112.8, 111.1, 64.2,
26.9 ppm. 21 signals were detected due to coincident signals in the

138.8, 137.1, 131.6, 130.5, 130.4, 129.7, 128.8, 128.6, 128.3, 122.6,aromatic region; IR (KBr, cmt) 3411, 3328, 3058, 2927, 1684, 1606;

69.4, 29.0, 20.3, 19.0 ppm; IR (NaCl, cf) 3201, 3104, 2958, 1683,
1606; calcd for @H1NCIO (M — H) 311.0951, found 311.0951;
[0]?4(S-7) = +115.4 € 1.05, CHC}), [a]*p(R-7) = —113.0 € 0.97,
CHCly).
7-Chloro-1,3-dihydro-3-benzyl-5-phenyl-H-1,4-benzodiazepine-
2-one R-8 and S-8). The residual oil was disolved in methanol and

HRMS calcd for GsH:aNaCIO 399.1138, found 399.11290 (S
10) = +27.4 € 0.85, CHCH), [a]2%5(R-10) = —25.2 (¢ 1.04, CHCH).
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