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Rapid and Efficient Hydrophilicity Tuning of pS3/mdm2 Antagonists
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The protein—protein interaction of p53 and mdm?2 is an important anticancer target. The interface, however,
is very hydrophobic and naturally results in very hydrophobic antagonists. We used the Orru three component
reaction (O-3CR) along with a rapid and efficient, recently discovered amidation reaction to dramatically
improve the water solubility of our recently discovered low molecular weight p53/mdm?2 antagonists. Arrays
of amides were synthesized with improved hydrophilicity and retainment and/or improvement of p53/mdm?2

inhibitory activity.

Protein—protein interfaces are often characterized by
strongly hydrophobic interaction surfaces. Driven by these
target requirements, antagonists of such sites are necessarily
hydrophobic to accomplish high affinity. An example of
medicinal relevance is the protein—protein interaction be-
tween the transcription factor p53 and its negative regulator
mdm2.! A wealth of data show that interruption of this
protein—protein interaction drives cancer cells into apoptosis
and cellular senescence, both in vitro and in vivo.?

Interestingly, no other protein—protein interaction has
attracted so much attention: over 20 different low molecular
weight backbones have been described as antagonists of the
p53/mdm2 interaction in the past several years.’ The nature
of the hydrophobic interface of this interaction, however,
mostly leads to antagonists that lack sufficient water solubil-
ity or that are promiscuous inhibitors.

We recently described a novel drug discovery approach
geared toward the parallel discovery of several p5S3/mdm?2
antagonizing low molecular weight scaffolds that employs
a tight interplay of techniques, involving structure-based
fragment generation, virtual chemistry, docking, efficient
antagonist synthesis by multicomponent reactions (MCRs),
and high content NMR-based screening (details of this
method are described in an upcoming communication).* We
were able to discover 10 unprecedented scaffolds with low
uM binding affinity to mdm2 by 2D NMR spectroscopy;
these scaffolds are starting points for potential medicinal
chemistry programs. In the following, we describe our
optimization of one scaffold toward potent p53/mdm?2
antagonizing and cellular activity.

One of the scaffolds we predicted to bind to mdm?2 is based
on imidazoline, which can be conveniently accessed by the
Orru 3-component reaction (O-3CR) of aldehydes, primary
amines and amino acid derived isocyano esters (Scheme 1).
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On the basis of perturbation NMR data and the accompany-
ing modeling of representative compounds, we were able to
develop a binding model of the imidazoline scaffold in the
p53 binding groove of mdm2 (Figure 1).

According to our model, the cis-diastereomer should be
more active than the trans-diastereomer. This has been
confirmed by our NMR-based screening.* The three residues
of the imidazoline residues are designed to mimic the p53
amino acid “hot-spot” residues F'°, W2, and L?°, which are
crucial for mdm2 binding: R! relates to L%, R? to W23, and
R3 to F'?, respectively (Scheme 1, Figure 1C). The carboxy-
licacid methylester derived from the isocyanide.

However, it is seemingly not involved in close contacts
to the mdm2 surface (Figure 1C and D). On the basis of
this design, we synthesized several imidazoline derivatives
and screened them in NMR-based 2D HSQC experiments
to determine their affinity to mdm2. All the initially
synthesized compounds showed activity in the single or
double digit micromolar scale. Compounds derived from the
amino acids leucine, phenylalanine, and phenylglycine (iso-
cyanide input), together with p-chlorophenyl residue in
4-position (aldehyde input) and cyclopropylmethyl residue
(amine input), however, showed improved low micromolar
affinity as mixtures of the two enantiomers (Figure 1; the
detailed SAR and further biological studies will be com-
municated elsewhere).

Our high content NMR-based screening provides a wealth
of information, including affinity of the compounds to mdm?2
and the approximate binding site (Figure 1A and B). In
addition, we obtain information as to a compound’s solub-
lility in the aqueous buffer, if the compound precipitates the
protein, and whether the protein is undergoing major
structural changes (denaturation). While optimizing, we
realized that our compounds sometimes showed low solubil-
ity for NMR screening, which we could overcome by the
addition of the solubilizer Tween20. We reasoned that
compounds with good water solubility might be beneficial

© 2009 American Chemical Society

Published on Web 06/23/2009



632 Journal of Combinatorial Chemistry, 2009 Vol. 11, No. 4

Srivastava et al.

Scheme 1. Stereoselective Synthesis of the Imidazoline-4-carboxylmethylester by a 3-Component Reaction of Primary Amines,

Aldehydes, and Methyl Isocyanoacetates (O-3CR)*
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Figure 1. Development of binding model of 1 in the p53 binding site of mdm2. (A) 2D "N—'H HSQC NMR of compound 1 (red without
and blue with 1). (B) Surface picture of mdm2 upon compound 1 binding based on the perturbation data of the 2D-HSQC (A), the more
reddish the more signal shift in the NMR; this experiment suggests that compound 1 is binding in the p53 binding site as indicated by the
mostly perturbed mdm2 amino acids L>*, L7, L%, I, H*, F*!, I°', Y’ (red); from NMR titration experiments the affinity of 1 to mdm2
was determined K; = 15 uM. (C) Docking pose of compound 1 (yellow stick) in the p53 binding site of mdm2 (gray surface) and overlapped
with the p53 hot spot, the triad F'°, W2, and L?® (pink sticks); the X-ray structure used for docking is based on the PDB identifier 1YCR.
(D) Cut-away view of compound 1 in mdm2 and showing the shape and depth of the binding site. Clearly the methyl ester moiety (yellow-

red sticks) does not significantly contribute to the binding and points out of the binding site into the water space.®

not only for the initial screening process but also for later
advantageous ADMET properties of lead compounds. There-
fore, we investigated our model for the introduction of
solubilizing substituents. According to our design, the per-
tinent carboxylic acid methyl ester should not contribute to
the binding to mdm?2 (Figure 1C and D). To prove the
suitability of the methylester position for constructive de-
rivatization, we synthesized a simple amide and, gratifyingly,
found the same affinity of the compound to mdm?2 as in the
corresponding methylester (Figure 2).

We thus prepared an array of amide derivatives aiming to
improve solubility and affinity (Figure 2). The standard way to
convert a carboxylic acid methyl ester into an amide is by
saponification, activation and amide formation.”® Few protocols
are described for one-pot transformation, and these use harsh
conditions not compatible with fragile molecules.” To improve

processes in terms of time and yields, we prefer to run one
pot-transformations.® On the basis of our recently described and
convenient one-pot transformation of isocyanomethylesters into
amides, we reasoned that a similar process could potentially
apply here, thus saving two steps over the traditional conver-
sion.” Additionally, Sabot et al. recently described an efficient
way to convert carboxylic acid methyl esters in one step into
their amides.'® Thus we transformed three different and potent
mdm2-binding imidazoline methyl esters into their correspond-
ing amides (Figure 2). This reaction is catalyzed by 1,5,7-triaza-
bicyclo[4.4.0]dec-5-ene (TBD) under solvent-free conditions
and yields the product amides in high yields.'' For reference
purposes, we also tried to convert the trans-imidazoline starting
materials, but the reaction did not take place. This is presumably
because of steric hindrance, (Figure 3), as indicated by the
effective shielding of the ester group by the adjacent lateral
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Figure 3. (top) The cis-imidazolines give clean and high yielding conversions to the coresponding amides. The zrans-imidazolines cannot
be transformed into their amides under the TBD solvent free conditions because of steric hindrance. (bottom) A energy minimized model
of the trans-diastereomer in stick and ball presentation clearly show the steric shielding of the ester bond, thus blocking access by the large

bicyclic TBD catalyst (bracket).

p-chlorophenyl and frontal iso-valeric moiety. According to the
proposed TBD catalysis, an intermediate covalent adduct
between the ester and the catalyst must be formed,'® which is
sterically rather impossible in the present conformation. This
finding resulted in an efficient protocol, where we used the
mixture of the cis- and trans-diasteroemers to convert stereo-
selectively only the less hindered cis-diastereomer. The cis-
amide product could then be effectively separated from the
unreacted trans-ester by chromatography.

Hydrophilicity and associated water solubility of com-
pounds is clearly correlated with a good absorption,'?

distribution, metabolism, excretion, and toxicity profile of a
drug;'? for example, if the solubility of a compound remains
poor in the gastrointestinal fluids, poor absorption and a low
bioavailability may result. Sometimes the absorption issue
can be overcome by formulation. If a drug has poor water
solubility, however, it may not reach in sufficiently high
concentrations the target tissue, or intracellular target com-
partment and thus prove to be nonefficacious. Lack of
efficacy, also caused by other reasons than poor pharmaco-
kinetic-pharmacodynamic (PKPD) profile, is the major reason
for current failure of drug candidates in clinical trials.
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Figure 4. Water solubility of six selected compounds.

Additionally, poor water solubility might result in a long
half-life time and an accumulation in fatty tissue and thus
leading to toxicity.

Apart from poor absorption—distribution—metabolism—
excretion—toxicology (ADMET) properties, insufficiently
water-soluble compounds often lead to poor reproducibility
and unreliable results or even false positive hits during in
vitro screening. For example, if a drug precipitates before
reaching its cellular target, the target will be exposed to a
concentration of drug lower than the nominal and could
therefore yield a response that is diminished, undetectable,
or independent of the input concentration.'"* On the other
hand, poorly soluble compounds often form hydrophobic
aggregates potentially precipitating proteins and thus lead
to false positive screening results.'

All the amides derivatives synthesized showed improved
water solubility in our NMR-based affinity assay. To assess
the exact values of solubility, we quantitatively measured
six selected compounds (Figure 4 and Supporting Informa-
tion). The cyclic amidine functionality of the imidazoline
ring is basic and therefore can form salts. By formation of
the HCI salts, all compounds showed very high water
solubility. Gratifyingly, the affinities of the amide derivatives
retained the parental affinities or did even improve, indicating
additional interactions of the substitutents with mdm?2.

In summary, we described the synthesis of 27 novel
imidazoline amides by a parallel synthesis approach. Many
of the imidazolines have greatly improved water solubility
over their parent methyl esters, while retaining mdm?2 affinity
and are therefore more suitable as p53-mdm?2 protein—protein
interaction antagonists. The transformation was accomplished
employing a convergent O-3CR, followed by an efficient
one-pot solvent-free amidation using TBD as a catalyst. The
amidation reaction is stereoselective and the cis-isomer reacts
much faster than the trans-isomer. This reaction has become
instrumental for our drug discovery project to rapidly gain
insight into SAR of this new class of p53-mdm2 antagonists
via synthesis of hundreds of different derivatives. Addition-
ally, the amidation reaction is general and has been employed
in several other projects ongoing in our laboratory.'' We
hope that the improved water solubility will also be reflected
in the ADMET properties of improved lead candidates. In
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due course, we will report about the biological properties of
these compounds and in depth SAR studies.

Experimental Section

1. General Experimental Methods. Standard syringe
techniques were applied for transfer of air sensitive reagents.
Dry solvents and all purchased chemicals were purchased
from Aldrich, Fisher Scientific, Acros Organics, or Alfa
Aesar and were used as received. 'H and '*C NMR spectra
were recorded on Ultrashield Plus 600, Bruker at 600 MHz.
Chemical shift values are in ppm relative to external TMS.
Abbreviations used are s = singlet, brs = broad singlet, d
= doublet, brd = broad doublet, m = multiplet; data in
parentheses are given in the following order: multiplicity,
number of protons and coupling constants in Hz. Flash
chromatography was performed with the indicated solvent
mixture on Silica gel, MP Silitech 32-63 D, 60 A, Bodman.
Chromatotron chromatography was performed on Harrison
Research Chromatotron, Ser. no. 65F with the indicated
solvent mixture using Silica gel, Merck, TLC grade 7749,
with gypsum binder and fluorescent indicator, Sigma Aldrich.
Thin layer chromatography was performed using Whatmann
flexible-backed TLC plates on aluminum with fluorescence
indicator. Compounds on TLC were visualized by UV-
detection. HPLC-MS measurements were done on a Shi-
madzu prominence UFLC (HPLC) and API 2000 LC/MS/
MS System, Applied Biosystems MDS SCIEX, (MS) using
a Dionex Acclaim 120 column (C18, 3 um, 120 A, 2.1 x
150 mm), mobile phase water with 0.1% acetic acid and
acetonitrile, gradient 5—90% acetonitrile in 7 min, injection
volume 5 ul., and detection wavelength 254 nm. HRMS
measurements were performed at the Department of Chem-
istry, University of Pittsburgh with a Q-Tof spectrometer,
ionization mode: ESI. Microwave reactions were performed
on the Emrys Optimizer system from Personal Chemistry.

2. Representative Procedure for the Synthesis of the
Imidazoline 1. 422 mg (3 mmol) p-Chlorobenzaldehyde is
solubilized in 20 ml dry dichloromethane. 257 ul (3 mmol)
Cyclopropylmethyl amine and 525 mg (3 mmol) Isocyano-
phenyl-acetic acid methyl ester are added and the mixture
is allowed to stir over night at room temperature. Isolation
of the mixture of the two diasteromers by column chroma-
tography on silica gel with petroleum ether/ethyl acetate
gradient from 3/1 to 1/5 yields 893 mg (81%) 5-(4-Chloro-
phenyl)- 1-cyclopropylmethyl-4-phenyl-4,5-dihydro- 1H-imi-
dazole-4-carboxylic acid methyl ester 1. 760 mg of the
mixture of two diastereomers are separated by column
chromatography on neutral alumina with ethylacetate to give
260 mg pure major diasteromer and 374 mg of the mixture
of two diastereomers.

3. Representative Procedure for the Amidation Reac-
tion for the Synthesis of Compound 7. 25 mg (0.067 mmol)
Major diastereomer 5-(4-chloro-phenyl)-1-cyclopropyl-
methyl-4-phenyl-4,5-dihydro- 1H-imidazole-4-carboxylic acid
methyl ester and 2.9 mg (0.02 mmol, 30%) TBD are
combined with 14.3 ul (0.135, 2eq) ethanolamine ethylester.
The reaction mixture is heated to 80 °C over night and
purified on column chromatography on silica gel with
dichloromethane/methanol as gradient from 0-5% MeOH to
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Table 1. Structures and Yields of Synthesized Imidazolinemethylesters by the O-3CR and Subsequent Amidation
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Table 2. Structures and Yields of Synthesized Amide Derivatives

Amine input
LYos | Cmg | Cong
}—43me s.\—’.,)LNHR s\—[,_‘)LNHR
!:ID @ (:ID @ CIQ )\
N0 4 (69%) 13 (75%) 22 (66%)
NSO 5 (84%) 14 (62%) 23 (58%)
N"No” 6 (66%) 15 (79%) 24 (76%)
o™ 7 (69%) 16 (69%) 25 (60%)
N"ou 8 (71%) 17 (71%) 26 (80%)
(\j 9 (69%) 18 (66%) 27 (68%)
NN
\/\»O 10 (68%) 19 (75%) 28 (74%)
o
» 11 (67%) 20 (58%) 29 (74%)
zN
2 12 (64%) 21 (71%) 30 (54%)
N

yield 20 mg (69%) 5-(4-Chloro-phenyl)-1-cyclopropyl-
methyl-4-phenyl-4,5-dihydro- 1H-imidazole-4-carboxylic acid
(2-ethoxy-ethyl)-amide 7.

4. Analytical Data of Described Compounds. 5-(4-
Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-dihydro-
1H-imidazole-4-carboxylic Acid Methyl Ester (1): 81%
yield; C,1H,,CIN,O,; MW 368.85 g/mol; HRMS calcd
369.1370, found 369.1365 [M + H]"; 'H NMR (CDCl;, 600
MHz) 6 —0.05—0.07 (m, 2H), 0.44—0.50 (m, 1H), 0.56—0.62
(m, 1H), 0.85—0.91 (m, 1H), 2.55 (dd, / = 12 Hz and 6 Hz,
1H), 3.08 (dd, J = 12 Hz and 6 Hz, 1H), 3.77 (s, 3H), 5.62
(s, 1H), 6.88—7.04 (m, 9H), 7.44 (s, 1H); *C NMR (CDCl;,
150 MHz) 6 2.38, 4.47, 9.05, 50.01, 52.72, 68.71, 84.11,
126.18, 126.82, 127.32, 127.52, 132.73, 134.05, 136.87,
156.29, 173.81.

5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (3-Methoxypro-
pyDamide (4): 69% yield; CyHpsCIN3O,; MW 425.96
g/mol; HRMS calcd 426.1948, found 426.1947 [M + H]";
'H NMR (CDCl;, 600 MHz) 6 —0.02—0.05 (m, 2H),
0.43—0.48 (m, 1H), 0.55—0.60 (m, 1H), 0.84—0.90 (m, 1H),
1.70—1.74 (m, 2H), 2.59 (dd, J = 14.22 Hz and 7.62 Hz,
1H), 3.07 (dd, J = 14.16 Hz and 6.18 Hz, 1H), 3.22 (s, 3H),
3.24-3.41 (m, 4H), 5.51 (s, 1H), 6.81—7.06 (m, 7H),

7.09—7.11 (m, 2H), 7.37 (s, 1H); *C NMR (CDCl,, 150
MHz): 6 2.82,4.77,9.57, 29.16, 36.93, 50.35, 58.58, 68.70,
70.35, 83.87, 126.74, 126.89, 127.43, 127.60, 132.80, 135.09,
138.43, 155.31, 174.59.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (3-Ethoxypro-
pyDamide (5): 84% yield; C,sH30CIN;O,; MW 439.99
g/mol; HRMS calcd 440.2105, found 440.2086 [M + H];
'H NMR (CDCl;, 600 MHz) 6 —0.03—0.07 (m, 2H),
0.43—0.49 (m, 1H), 0.55—0.60 (m, 1H), 0.84—0.91 (m, 1H),
1.13 (t, J = 6.96 Hz, 3H), 1.68—1.76 (m, 2H), 2.59 (dd, J
= 14.16 Hz and 7.62 Hz, 1H), 3.07 (dd, J = 14.16 Hz and
6.18 Hz, 1H), 3.28—3.42 (m, 6H), 5.51 (s, 1H), 6.82—7.08
(m, 7H), 7.10—7.15 (m, 2H), 7.36 (s, 1H); '*C NMR (CDCls,
150 MHz): 6 2.82, 4.77, 9.56, 15.12, 29.25, 37.18, 50.35,
66.20, 68.31, 68.72, 83.88, 126.74, 126.87, 127.41, 127.74,
132.78, 135.13, 138.46, 155.28, 174.57.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylicAcid (2-Methoxyethyl)-
amide (6): 66% yield; C,3HyCIN;O,; MW 411.94 g/mol;
HRMS caled 412.1792, found 412.1767 [M + H]"; 'H NMR
(CDCls, 600 MHz) 6 —0.07—0.06 (m, 2H), 0.40—0.49 (m, 1H),
0.53—0.61 (m, 1H), 0.82—0.91 (m, 1H), 2.58 (dd, J = 14.10
Hz and 7.62 Hz, 1H), 3.08 (dd, J = 14.16 Hz and 6.12 Hz,
1H), 3.26 (s, 3H), 3.35—3.37 (m, 1H), 3.38—3.46 (m, 3H), 5.49
(s, 1H), 6.81—7.00 (m, 6H), 7.10—7.12 (m, 3H), 7.38 (s, 1H);
BC NMR (CDCls, 150 MHz) 6 2.81, 4.79, 9.56, 39.26, 50.35,
58.76, 68.87, 70.85, 83.83, 126.76, 126.91, 127.43, 127.75,
132.81, 135.05, 138.27, 155.47, 174.79.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (2-Ethoxyethyl)-
amide (7): 69% yield; C,4HpCIN3;O,; MW 425.96 g/mol;
HRMS calcd 426.1949, found 426.1954 [M + H]"; 'H NMR
(CDCl;, 600 MHz) 6 = 0.11—0.06 (m, 2H), 0.38—0.49 (m,
1H), 0.53—0.61 (m, 1H), 0.82—0.91 (m, 1H), 1.09 (t, J = 7.08
Hz, 3H), 2.59 (dd, J = 14.22 Hz and 7.62 Hz, 1H), 3.08 (dd,
J = 14.16 Hz and 6.24 Hz, 1H), 3.30—3.52 (m, 6H), 5.50 (s,
1H), 6.81—7.01 (m, 6H), 7.02—7.12 (m, 3H), 7.37 (s, 1H); 1*C
NMR (CDCls, 150 MHz) 6 = 2.81, 4.78, 9.57, 15.02, 39.43,
50.35, 66.37, 68.71, 83.87, 126.77, 126.89, 127.41, 127.75,
132.80, 135.09, 138.31, 155.43, 174.76.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylicAcid (2-Hydroxyethyl)-
amide (8): 71% yield; C,,H,4CIN;Oy; MW 397.91 g/mol;
HRMS calcd 398.1635, found 398.1600 [M + H]"; 'H NMR
(CDCl3, 600 MHz) 6 —0.05—0.04 (m, 2H), 0.42—0.50 (m,
1H), 0.54—0.60 (m, 1H), 0.83—0.90 (m, 1H), 2.58 (dd, J =
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14.40 Hz and 7.8 Hz, 1H), 3.07 (dd, J = 13.8 Hz and 6 Hz,
1H), 3.32—3.44 (m, 2H), 3.59—3.67 (m, 2H), 5.52 (s, 1H),
6.77—7.07 (m, 9H), 7.17 (s, 1H), 7.37 (s, 1H); *C NMR
(CDCl3, 150 MHz) 6 2.83, 4.81, 9.52, 42.62, 50.38, 53.44,
61.87, 68.75, 83.76, 126.66, 127.12, 127.58, 127.81, 132.93,
134.71, 138.07, 155.60, 175.49.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-(Morpholin-
4-yl)propylamide (9): 69% yield; Cy;H3;CIN4O,; MW
481.04 g/mol; HRMS calcd 481.2370, found 481.2372 [M
+ HJ]"; 'H NMR (CDCl;, 600 MHz) 6 —0.01—0.05 (m, 2H),
0.44—0.49 (m, 1H), 0.56—0.60 (m, 1H), 0.84—0.90 (m, 1H),
1.59—1.64 (m, 2H), 2.21—2.34 (m, 6H), 2.59 (dd, J = 14.22
Hz and 7.68 Hz, 1H), 3.07 (dd, J = 14.16 Hz and 6.18 Hz,
1H), 3.23—3.28 (m, 1H), 3.42—3.48 (m, 1H), 3.61—3.68 (m,
4H), 5.51 (s, 1H), 6.84—7.00 (m, 6H), 7.07—7.09 (m, 2H),
7.36 (s, 1H), 7.38—7.39 (m, 1H); '*C NMR (CDCl,, 150
MHz) ¢ 2.82, 4.79, 9.53, 25.57, 38.51, 50.39, 53.65, 57.11,
66.83, 68.68, 83.98, 126.72, 126.90, 127.41, 127.73, 132.75,
135.12, 138.54, 155.25, 174.47.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Morpholin-
4-yl)ethyl)amide (10): 68% yield; CyH3,CIN,O,; MW
467.02 g/mol; HRMS calcd 467.2214, found 467.2198 [M
+ H]"; '"H NMR (CDCl;, 600 MHz) 6 0.01—0.04 (m, 2H),
0.44—0.49 (m, 1H), 0.56—0.61 (m, 1H), 0.85—0.91 (m, 1H),
2.27—2.46 (m, 6H), 2.60 (dd, J = 14.22 Hz and 7.68 Hz,
1H), 3.09 (dd, J = 14.22 Hz and 6.24 Hz, 1H), 3.30—3.35
(m, 1H), 3.39—3.44 (m, 1H), 3.53—3.61 (m, 4H), 5.54 (s,
1H), 6.98—7.07 (m, 8H), 7.10—7.11 (m, 2H), 7.38 (s, 1H);
3C NMR (CDCl;, 150 MHz): 6 2.81, 4.77, 9.56, 36.20,
50.33, 53.26, 56.85, 66.84, 68.63, 83.96, 126.76, 126.92,
127.43, 127.78, 132.84, 135.04, 138.42, 155.35, 174.60.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Pyridin-4-yl)-
ethylamide (11): 67% yield; Cy;H»;CIN,O; MW 459.00
g/mol; HRMS caled 459.1952, found 459.1922 [M + H];
'"H NMR (CDCl;, 600 MHz) 6 —0.01—0.06 (m, 2H),
0.44—0.50 (m, 1H), 0.56—0.61 (m, 1H), 0.82—0.89 (m, 1H),
2.58 (dd, J = 14.22 Hz and 7.68 Hz, 1H), 2.68—2.77 (m,
2H), 3.07 (dd, J = 14.22 Hz and 6.24 Hz, 1H), 3.36—3.42
(m, 1H), 3.61—3.67 (m, 1H), 5.50 (s, 1H), 6.86 (d, J = 4.62
Hz, 2H), 6.91—6.93 (m, 2H), 7.00—7.12 (m, 7H), 7.34 (s,
1H), 8.35 (d, J = 4.44 Hz, 2H); '3C NMR (CDCl;, 150 MHz)
0 2.86,4.77,9.56, 34.90, 39.65, 50.34, 68.64, 83.61, 124.14,
126.68, 127.08, 127.56, 127.87, 133.02, 134.76, 138.11,
147.76, 149.71, 155.16, 174.63.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-phenyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (Pyridin-3-yl)-
methylamide (12): 64% yield; CycHpsCIN,O; MW 444.97
g/mol; HRMS calcd 445.1795, found 445.1758 [M + H]';
'H NMR (CDCl;, 600 MHz) 6 —0.01—0.06 (m, 2H),
0.44—0.50 (m, 1H), 0.56—0.61 (m, 1H), 0.85—0.91 (m, 1H),
2.61 (dd, J = 14.16 Hz and 7.62 Hz, 1H), 3.08 (dd, J =
14.22 Hz and 6.3 Hz, 1H), 4.46 (dd, J = 6.18 Hz and 2.88
Hz, 2H), 5.54 (s, 1H), 6.89—7.03 (m, 6H), 7.09—7.12 (m,
2H), 7.15—7.17 (m, 1H), 7.28—7.32 (m, 1H), 7.36 (s, 1H),
7.43 (brd, J = 5.94 Hz, 1H), 8.44 (brs, 1H), 8.47 (brd, J =
4.8 Hz, 1H); *C NMR (CDCls, 150 MHz) 6 2.82, 4.79, 9.60,
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40.83, 50.33, 68.74, 83.85, 123.38, 126.71, 127.14, 127.57,
127.86, 133.00, 133.81, 134.78, 134.99, 137.99, 148.71,
148.92, 155.48, 174.89.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid Methyl Ester
(2): 46% yield; Cy,Hp;CIN,O,; MW 382.8832; HRMS NA;
'H NMR (CDCl;, 600 MHz) 6 —0.03—0.05 (m, 2H),
0.43—0.49 (m, 1H), 0.52—0.58 (m, 1H), 0.83—0.90 (m, 1H),
2.36 (d, J = 12 Hz, 1H), 2.54 (d, J = 12 Hz, 1H), 2.63 (dd,
J =12 Hz and 6 Hz, 1H), 3.14 (dd, J = 12 Hz and 6 Hz,
1H), 3.59 (s, 3H), 5.04 (s, 1H), 6.97—7.01 (m, 2H),
7.11=7.17 (m, 3H), 7.31—7.37 (m, 5H); '*C NMR (CDCl;,
150 MHz) 6 2.69, 4.80, 9.33, 14.19, 21.06, 21.61, 43.23,
50.45, 52.15, 60.39, 69.37, 81.36, 126.41, 127.80, 128.65,
129.23, 129.83, 131.04, 133.90, 134.04, 136.33, 155.71,
175.05.
4-Benzyl-5-(4-chloro-phenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-Methoxypro-
pylamide (13): 75% yield; C,sH30CIN;O,; MW 439.99
g/mol; HRMS calcd 440.2106, found 440.1994 [M + H]";
'"H NMR (CDCl;, 600 MHz) 6 —0.01—0.05 (m, 2H),
0.44—0.49 (m, 1H), 0.54—0.60 (m, 1H), 0.84—0.90 (m, 1H),
1.38—1.45 (m, 1H), 1.48—1.55 (m, 1H), 2.20 (d, J = 12
Hz, 1H), 2.38 (d, J/ = 12 Hz, 1H), 2.70 (dd, J = 12 Hz and
6 Hz, 1H), 2.98—3.07 (m, 2H), 3.10—3.19 (m, 2H),
3.19—3.25 (m, 4H), 5.04 (s, 1H), 6.64 (brt, 1H), 7.06—7.10
(brd, 2H), 7.13—7.21 (m, 3H), 7.23 (s, 1H), 7.28 (s, 1H),
7.39 (brs, 2H); *C NMR (CDCls, 150 MHz) 6 2.70, 4.81,
9.44, 28.94, 36.25, 43.32, 50.40, 58.53, 69.18, 70.10, 80.82,
126.27, 127.64, 128.47, 130.27, 133.57, 134.68, 137.00,
155.41, 175.01.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-Ethoxypropy-
lamide (14): 62% yield; C,H3,CIN;O,; MW 454.02 g/mol;
HRMS calcd 454.2261, found 454.2273 [M + H]*; '"H NMR
(CDCl;, 600 MHz) 6 —0.02—0.05 (m, 2H), 0.42—0.48 (m,
1H), 0.53—0.58 (m, 1H), 0.83—0.90 (m, 1H), 1.14 (t, /=6
Hz, 3H), 1.38—1.45 (m, 1H), 1.47—1.54 (m, 1H), 2.19 (d, J
=12 Hz, 1H), 2.36 (d, J = 12 Hz, 1H), 2.68 (dd, / = 12 Hz
and 6 Hz, 1H), 3.01—3.09 (m, 2H), 3.13—3.22 (m, 3H),
3.28—3.36 (m, 2H), 5.03 (s, 1H), 6.66 (brt, 1H), 7.06—7.07
(brd, 2H), 7.11—=7.18 (m, 3H), 7.21 (s, 1H), 7.27 (s, 1H),
7.38 (brs, 2H); *C NMR (CDCls, 150 MHz) 6 2.69, 4.81,
9.43, 15.14, 29.00, 36.47, 43.32, 50.40, 66.08, 68.05, 69.17,
80.83, 126.23, 127.60, 128.46, 130.26, 133.54, 134.71,
137.01, 155.33, 175.00.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Methoxyethy-
lamide (15): 79% yield; C,4HsCIN;O,; MW 425.96 g/mol;
HRMS calcd 426.1948, found 426.1947 [M + H]*; 'H NMR
(CDCls, 600 MHz) 6 —0.00—0.05 (m, 2H), 0.44—0.48 (m,
1H), 0.55—0.60 (m, 1H), 0.84—0.90 (m, 1H), 2.22 (d, J =
12 Hz, 1H), 2.37 (d, J = 12 Hz, 1H), 2.69 (dd, / = 12 Hz
and 6 Hz, 1H), 2.86—2.91 (m, 1H), 3.09—3.19 (m, 5H),
3.23—3.28 (m, 1H), 3.32—3.37 (m, 1H), 5.05 (s, 1H), 6.75
(brt, 1H), 7.07—7.13 (brd, 2H), 7.13—7.21 (m, 3H), 7.23 (s,
1H), 7.28 (s, 1H), 7.39 (brs, 2H); '*C NMR (CDCl;, 150
MHz) 6 2.69, 4.82, 9.43, 38.49, 43.40, 50.41, 58.58, 69.11,
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70.77, 80.90, 126.24, 127.63, 128.74, 130.24, 133.58, 134.70,
137.02, 155.45, 175.06.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Ethoxyethyl-
amide (16): 69% yield; CysH30CIN;Op; MW 439.99 g/mol;
HRMS calcd 440.2105, found 440.2090 [M + H]; 'H NMR
(CDCl;, 600 MHz) 6 —0.01—0.06 (m, 2H), 0.43—0.49 (m, 1H),
0.54—0.59 (m, 1H), 0.83—0.90 (m, 1H), 1.09 (t, / = 6 Hz,
3H), 2.22 (d, J = 12 Hz, 1H), 2.38 (d, / = 12 Hz, 1H), 2.69
(dd, /=12 Hz and 6 Hz, 1H), 2.91—2.96 (m, 1H), 3.10—3.19
(m, 2H), 3.24—3.37 (m, 4H), 5.05 (s, 1H), 6.76 (brt, 1H),
7.08—7.09 (brd, 2H), 7.12—7.21 (m, 3H), 7.23 (s, 1H), 7.28
(s, 1H), 7.39 (brs, 2H); *C NMR (CDCl;, 150 MHz) 6 2.70,
4.81, 943, 15.04, 38.69, 43.40, 50.40, 66.20, 68.70, 69.13,
80.91, 126.23, 127.60, 128.74, 130.23, 133.58, 134.71, 137.02,
155.44, 175.06.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Hydroxyethyl-
amide (17): 71% yield; C,3H,CIN3Oy; MW 411.94 g/mol;
HRMS calcd 412.1792, found 412.1758 [M + H]*; 'H NMR
(CDCl;, 600 MHz) 6 —0.00—0.07 (m, 2H), 0.45—0.50 (m,
1H), 0.56—0.61 (m, 1H), 0.85—0.90 (m, 1H), 2.26 (d, J =
12 Hz, 1H), 2.36 (d, J = 12 Hz, 1H), 2.70 (dd, J = 12 Hz
and 6 Hz, 1H), 2.92—2.98 (m, 1H), 3.18 (dd, J = 12 Hz
and 6 Hz, 1H), 3.31—3.42 (m, 3H), 5.06 (s, 1H), 6.85 (brt,
1H), 7.12—7.16 (brd, 2H), 7.18—7.26 (m, 4H), 7.28 (s, 1H),
7.40 (brs, 2H); *C NMR (CDCls, 150 MHz) 6 2.74, 4.84,
9.42, 42.31, 43.41, 50.42, 61.92, 69.08, 80.68, 126.51,
127.74, 128.42, 130.40, 133.75, 134.41, 137.10, 155.50,
176.07.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-(Morpholin-
4-yl)propylamide (18): 66% yield; CysH3sCIN4O,; MW
495.07 g/mol; HRMS caled 495.2527, found 495.2479 [M
+ H]*; 'TH NMR (CDCl;, 600 MHz) 6 —0.01—0.05 (m, 2H),
0.43—0.49 (m, 1H), 0.54—0.59 (m, 1H), 0.84—0.91 (m, 1H),
1.26—1.34 (m, 1H), 1.38—1.44 (m, 1H), 2.03—2.08 (m, 1H),
2.12—2.29 (m, 6H), 2.37 (d, J = 12 Hz, 1H), 2.69 (dd, J =
12 Hz and 6 Hz, 1H), 2.97—3.02 (m, 1H), 3.16 (dd, J = 18
Hz and 6 Hz, 1H), 3.26—3.32 (m, 1H), 3.62—3.67 (m, 2H),
3.69—3.74 (m, 2H), 5.02 (s, 1H), 7.06 (d, J = 12 Hz, 2H),
7.11=7.18 (m, 4H), 7.20 (s, 1H), 7.28 (s, 1H), 7.39 (brs,
2H); '3C NMR (CDCls, 150 MHz) 6 2.71, 4.86, 9.44, 25.13,
38.16, 43.43, 50.45, 53.45, 57.18, 66.86, 69.28, 80.90,
126.16, 127.50, 128.36, 130.37, 133.50, 134.82, 137.21,
155.07, 174.97.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Morpholin-
4-ylethylamide (19): 75% yield; Cy;H3;CIN,Oy; MW
481.04 g/mol; HRMS caled 481.2370, found 481.2400 [M
+ H]"; '"H NMR (CDCl;, 600 MHz) 6 —0.01—0.06 (m,
2H), 0.44—0.48 (m, 1H), 0.54—0.60 (m, 1H), 0.83—0.90
(m, 1H), 1.99—2.05 (m, 1H), 2.13—2.18 (m, 2H), 2.19—2.31
(m, 4H), 2.35 (d, J = 12 Hz, 1H), 2.68 (dd, J = 12 Hz
and 6 Hz, 1H), 3.09—3.20 (m, 3H), 3.55—3.62 (m, 4H),
5.06 (s, 1H), 6.76 (brt, 1H), 7.07—7.10 (brd, 2H),
7.11—=7.13 (m, 1H), 7.16—7.18 (m, 2H), 7.23 (s, 1H), 7.29
(s, 1H), 7.39 (brs, 2H); *C NMR (CDCl;, 150 MHz) 6
6.29, 4.83,9.44, 35.34, 43.54, 50.41, 53.28, 56.67, 66.84,
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69.06, 80.93, 126.17, 127.59, 128.73, 130.28, 133.58,
134.70, 137.15, 155.29, 175.07.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Pyridin-4-yl)-
ethylamide (20): 58% yield; CysHy9CIN,O; MW 473.02
g/mol; HRMS calcd 473.2108, found 473.2088 [M + H]™;
'"H NMR (CDCl;, 600 MHz) 6 —0.01—0.05 (m, 2H),
0.44—0.48 (m, 1H), 0.54—0.59 (m, 1H), 0.81—0.87 (m, 1H),
2.22 (d, J = 12 Hz, 1H), 2.31-2.39 (m, 2H), 2.54—2.61
(m, 1H), 2.68 (dd, / = 12 Hz and 6 Hz, 1H), 3.13—3.22 (m,
2H), 3.37—3.43 (m, 1H), 5.01 (s, 1H), 6.60 (brt, 1H), 6.88
(d, J =6 Hz, 2H), 7.11 (d, J = 6 Hz, 2H), 7.14—7.23 (4H,
m, 4H), 7.28 (s, 1H), 7.40 (brs, 2H), 8.45 (d, J = 6 Hz,
2H); *C NMR (CDCls, 150 MHz): 6 2.70, 4.81, 9.41, 34.86,
39.04, 43.30, 50.38, 69.18, 80.77, 123.96, 126.42, 127.70,
128.67, 130.39, 133.71, 134.45, 136.95, 147.89, 149.81,
155.49, 175.18.
4-Benzyl-5-(4-chlorophenyl)-1-cyclopropylmethyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (Pyridin-3-yl)-
methylamide (21): 71% yield; C,7H,;CIN,O; MW 459.00
g/mol; HRMS caled 459.1952, found 459.1961 [M + H]™;
'H NMR (CDCl3, 600 MHz) ¢ 0.02—0.07 (m, 2H), 0.45—0.50
(m, 1H), 0.56—0.61 (m, 1H), 0.84—0.91 (m, 1H), 2.25 (d, J
=12 Hz, 1H), 2.40 (d, J = 12 Hz, 1H), 2.71 (dd, J = 12 Hz
and 6 Hz, 1H), 3.19 (dd, J = 12 Hz and 6 Hz, 1H), 4.16
(dd, J = 12 Hz and 6 Hz, 1H), 4.33 (dd, / = 12 Hz and 6
Hz, 1H), 5.08 (s, 1H), 6.86 (brt, 1H), 7.04—7.09 (m, 3H),
7.10—7.19 (m, 4H), 7.23 (s, 1H), 7.28 (s, 1H), 7.41 (brs,
2H), 8.26 (brs, 1H), 8.46 (brd, 1H); '*C NMR (CDCl;, 150
MHz) 0 2.67, 4.84, 9.45, 40.48, 43.23, 50.38, 69.29, 80.91,
123.38, 126.39, 127.80, 128.71, 130.26, 133.27, 133.77,
134.36, 135.42, 136.78, 148.65, 149.16, 155.69, 175.24.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid Methyl Ester
(3): 70% yield; Ci9HpsCIN,O,; MW 348.8670; HRMS NA;
'H NMR (CDCl;, 600 MHz) 6 —0.02—0.03 (m, 2H),
0.38—0.47 (m, 1H), 0.48—0.53 (m, 1H), 0.57 (d, J = 6 Hz,
3H), 0.73 (d, J = 6 Hz, 3H), 0.78—0.85 (m, 1H), 1.07 (dd,
J =12 Hz and 6 Hz, 1H), 1.18 (dd, J = 12 Hz and 6 Hz,
1H), 1.54—1.68 (m, 1H), 2.54 (dd, J = 12 Hz and 6 Hz,
1H), 3.10 (dd, J = 12 Hz and 6 Hz, 1H), 3.78 (m, 3H), 4.89
(s, 1H), 7.24—7.31 (m, 4H), 7.63 (d, J = 12 Hz, 1H); '°C
NMR (CDCl;, 150 MHz) ¢ 2.58, 3.36, 4.72, 9.18, 22.82,
24.60, 44.25, 44.87, 49.94, 50.36, 69.76, 79.67, 128.40,
128.46, 133.83, 155.85, 161.38, 171.99, 175.74.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-Methoxy-
propylamide (22): 66% yield; C,H3,CIN;O,; MW 405.97
g/mol; HRMS NA; 'H NMR (CDCl;, 600 MHz) o
—0.02—0.03 (m, 2H), 0.43—0.48 (m, 1H), 0.53—0.58 (m,
1H), 0.69 (d, J = 6 Hz, 3H), 0.79—0.87 (m, 4H), 0.91 (dd,
J =12 Hz and 6 Hz, 1H), 1.14 (dd, / = 12 Hz and 6 Hz,
1H), 1.64—1.69 (m, 1H), 1.80—1.87 (m, 2H), 2.65 (dd, J =
12 Hz and 6 Hz, 1H), 3.10 (dd, J = 12 Hz and 6 Hz, 1H),
3.33—3.38 (m, 4H), 3.42—3.48 (m, 3H), 4.92 (s, 1H), 7.24
(s, 1H), 7.28—7.34 (m, 3H), 7.44—7.45 (m, 1H); '*C NMR
(CDCls, 150 MHz) 6 2.69, 4.76, 9.38, 23.59, 24.37, 24.69,
29.30, 29.70, 36.92, 45.10, 50.33, 58.72, 70.09, 70.68, 79.73,
128.44, 133.47, 134.33, 155.55, 176.04.
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5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-Ethoxypropyl-
amide (23): 58% yield; C,3H3,CIN;O,; MW 420.00 g/mol;
HRMS calcd 420.2418, found 420.2429 [M + H]*; 'H NMR
(CDCl;, 600 MHz) 6 —0.02—0.03 (m, 2H), 0.42—0.46 (m,
1H), 0.52—0.56 (m, 1H), 0.69 (d, J = 6 Hz, 3H), 0.80—0.85
(m, 4H), 0.88 (dd, J = 12 Hz and 6 Hz, 1H), 1.11 (dd, J =
12 Hz and 6 Hz, 1H), 1.22 (t, J = 6 Hz, 3H), 1.63—1.70
(m, 1H), 1.79—1.86 (m, 2H), 2.63 (dd, J = 18 Hz and 6 Hz,
1H), 3.08 (dd, J = 12 Hz and 6 Hz, 1H), 3.33—3.38 (m,
1H), 3.41-3.52 (m, 5H), 4.87 (s, 1H), 7.16 (s, 1H),
7.31—7.32 (m, 4H); *C NMR (CDCl;, 150 MHz) 6 2.65,
4.76, 9.40, 15.21, 23.65, 24.42, 24.69, 29.44, 37.07, 45.17,
50.30, 66.36, 68.63, 70.02, 79.97, 128.40, 133.33, 134.61,
155.43, 176.24.

5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Methoxyethyl-
amide (24): 76% yield; C,;H3oCIN;O,; MW 391.95 g/mol;
HRMS caled 392.2103, found 392.2099 [M + H]*; '"H NMR
(CDCls, 600 MHz) 6 —0.04—0.03 (m, 2H), 0.41—0.46 (m,
1H), 0.50—0.56 (m, 1H), 0.69 (d, J = 6 Hz, 3H), 0.80—0.85
(m, 4H), 0.89 (dd, J = 12 Hz and 6 Hz, 1H), 1.10 (dd, J =
12 Hz and 6 Hz, 1H), 1.65—1.72 (m, 1H), 2.62 (dd, J = 12
Hz and 6 Hz, 1H), 3.09 (dd, / = 12 Hz and 6 Hz, 1H),
3.33—3.38 (m, 4H), 3.42—3.44 (m, 1H), 3.49—3.53 (m, 1H),
3.56—3.62 (m, 1H), 4.85 (s, 1H), 7.17 (s, 1H), 7.31=7.35
(m, 4H); *C NMR (CDCls, 150 MHz) 6 2.62, 4.77, 9.37,
23.57,24.41, 24.66, 38.96, 45.22, 50.31, 58.78, 70.01, 71.10,
79.96, 128.36, 133.32, 134.62, 155.58, 176.43.

5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Ethoxyethyl-
amide (25): 60% yield; C,,H3;,CIN;O,; MW 405.97 g/mol;
HRMS calcd 406.2261, found 406.2225 [M + H]*"; 'H NMR
(CDCls, 600 MHz) 6 —0.04—0.03 (m, 2H), 0.41—0.46 (m,
1H), 0.50—0.56 (m, 1H), 0.69 (d, J = 6 Hz, 3H), 0.79—0.85
(m, 4H), 0.88 (dd, J = 12 Hz and 6 Hz, 1H), 1.10 (dd, J =
12 Hz and 6 Hz, 1H), 1.20 (t, J = 6 Hz, 3H), 1.66—1.72
(m, 1H), 2.62 (dd, J = 18 Hz and 6 Hz, 1H), 3.08 (dd, J =
18 Hz and 6 Hz, 1H), 3.36—3.41 (m, 1H), 3.47—3.56 (m,
4H), 3.57—3.62 (m, 1H), 4.85 (s, 1H), 7.16 (s, 1H),
7.28—7.39 (m, 4H); *C NMR (CDCl;, 150 MHz) 6 2.63,
2.76, 9.38, 15.12, 23.63, 24.43, 24.66, 39.12, 41.80, 45.24,
50.30, 66.44, 68.99, 70.00, 80.00, 128.35, 133.30, 134.66,
155.51, 176.41.

5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-Hydroxyethyl-
amide (26): 80% yield; CyyHy3CIN;O,; MW 377.92 g/mol;
HRMS calcd 378.1948; found 378.1947 [M + H]"; '"H NMR
(CDCl;, 600 MHz) 6 —0.02—0.05 (m, 2H), 0.44—0.49 (m,
1H), 0.53—0.59 (m, 1H), 0.70 (d, J/ = 6 Hz, 3H), 0.77—0.88
(m, 4H), 0.94 (dd, J = 12 Hz and 6 Hz, 1H), 1.12 (dd, J =
12 Hz and 6 Hz, 1H), 1.64—1.71 (m, 1H), 2.64 (dd, J = 12
Hz and 6 Hz, 1H), 3.09 (dd, J = 18 Hz and 6 Hz, 1H),
3.40—3.47 (m, 1H), 3.48—3.55 (m, 1H), 3.73—3.80 (m, 2H),
4.88 (s, 1H), 7.20 (s, 1H), 7.22—7.31 (m, 3H), 7.38—7.39
(m, 1H); *C NMR (CDCls, 150 MHz) & 2.69, 4.80, 9.34,
23.49, 24.36, 24.72, 42.79, 45.05, 50.36, 62.65, 70.18, 79.68,
128.49, 133.58, 134.13, 155.77, 177.71.
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5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 3-(Morpholin-
4-ylpropylamide (27): 68% yield; Cy;sH3;CIN4O,; MW
461.05 g/mol; HRMS calcd 461.2683, found 461.2680 [M
-+ HJ*; '"H NMR (CDCls, 600 MHz) 6 —0.02—0.02 (m, 2H),
0.41—0.46 (m, 1H), 0.51—-0.53 (m, 1H), 0.68 (d, / = 6 Hz,
3H), 0.79—0.84 (m, 4H), 0.87 (dd, J = 12 Hz and 6 Hz,
1H), 1.08 (dd, J/ = 12 Hz and 6 Hz, 1H), 1.63—1.69 (m,
1H), 1.70—1.76 (m, 2H), 2.40—2.48 (m, 6H), 2.62 (dd, J =
14 Hz and 8 Hz, 1H), 3.07 (dd, / = 12 Hz and 6 Hz, 1H),
3.26—3.31 (m, 1H), 3.40—3.48 (m, 1H), 3.70—3.79 (m, 4H),
4.84 (s, 1H), 7.14 (s, 1H), 7.27—7.32 (m, 3H), 7.46—7.48
(m, 1H); '*C NMR (CDCl;, 150 MHz) 6 2.66, 4.77, 9.38,
20.74,23.73, 24.42, 24.93, 25.90, 37.85, 45.27, 50.31, 53.81,
57.06, 66.92, 70.01, 80.03, 128.36, 133.30, 134.66, 155.27,
176.32.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Morpholin-
4-yl)ethylamide (28): 74% yield; C,4H35CIN,O,; MW
447.03 g/mol; HRMS calcd 447.2527; found 447.2506 [M
+ H]"; '"H NMR (CDCl;, 600 MHz) 6 —0.02—0.07 (m, 2H),
0.40—0.45 (m, 1H), 0.50—0.55 (m, 1H), 0.68 (d, J = 6.6
Hz, 3H), 0.76—0.82 (m, 4H), 0.87 (dd, J/ = 12 Hz and 6 Hz,
1H), 1.09 (dd, J = 12 Hz and 6 Hz, 1H), 1.63—1.70
(m, 1H), 2.40—2.54 (m, 6H), 2.61 (dd, J = 14.4 Hz and 7.8
Hz, 1H), 3.08 (dd, J = 13.8 Hz and 6 Hz, 1H), 3.26—3.34
(m, 1H), 3.47—3.54 (m, 1H), 3.65—3.77 (m, 4H), 4.86 (s,
1H), 7.17 (s, 1H), 7.22—7.26 (m, 4H); '3C NMR (CDCls,
150 MHz) 6 2.64, 4.76, 9.39, 24.65, 35.74, 45.27, 50.27,
53.44, 57.24, 66.95, 69.98, 80.05, 128.39, 133.34, 134.59,
155.41, 176.38.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid 2-(Pyridin-4-
yDethylamide (29): 74% yield; C,sH3,CIN,O; MW 439.01
g/mol; HRMS caled 439.2265, found 439.2237 [M + H]';
'"H NMR (CDCl;, 600 MHz) 6 —0.02—0.03 (m, 2H),
0.43—0.48 (m, 1H), 0.53—0.58 (m, 1H), 0.66 (d, / = 6 Hz,
3H), 0.76—0.83 (m, 4H), 0.89 (dd, J = 12 Hz and 6 Hz,
1H), 1.10 (dd, J = 12 Hz and 6 Hz, 1H), 1.53—1.60 (m,
1H), 2.62 (dd, J = 12 Hz and 6 Hz, 1H), 2.84—2.96
(m, 2H), 3.09 (dd, J/ = 12 Hz and 6 Hz, 1H), 3.56—3.68 (m,
2H), 4.84 (s, 1H), 7.16—7.18 (m, 3H), 7.24—7.30 (m, 2H),
7.34 (brd, J = 12 Hz, 2H), 8.53 (brd, J = 6 Hz, 2H); 1*C
NMR (CDCls, 150 MHz) 6 2.69, 4.77, 9.33, 23.73, 24.40,
24.61, 29.70, 35.05, 39.26, 45.05, 50.32, 70.07, 79.84,
124.13, 128.45, 133.53, 134.20, 147.94, 149.86, 155.54,
176.39.
5-(4-Chlorophenyl)-1-cyclopropylmethyl-4-isobutyl-4,5-
dihydro-1H-imidazole-4-carboxylic Acid (Pyridin-3-yl)-
methylamide (30): 54% yield; C,4H,yCIN4O; MW 424.98
g/mol; HRMS calcd 425.2108; found 425.2096 [M + H]';
'H NMR (CDCl;, 600 MHz) 6 —0.03—0.02 (m, 2H),
0.42—0.47 (m, 1H), 0.53—0.57 (m, 1H), 0.63 (d, / = 6 Hz,
3H), 0.78 (d, J/ = 6 Hz, 3H), 0.79—0.85 (m, 1H), 0.91 (dd,
J =12 Hz and 6 Hz, 1H), 1.13 (dd, / = 12 Hz and 6 Hz,
1H), 1.60—1.65 (m, 1H), 2.63 (dd, J = 12 Hz and 6 Hz,
1H), 3.09 (dd, J/ = 12 Hz and 6 Hz, 1H), 4.49 (dd, J = 12
Hz and 6 Hz, 1H), 491 (s, 1H), 7.18—7.20 (brs, 1H),
7.24—7.26 (m, 3H), 7.33—7.34 (m, 3H), 7.66 (brd, J = 6
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Hz, 1H), 8.53 (d, J = 6 Hz, 1H), 8.57 (s, 1H); '*C NMR
(CDCls, 150 MHz) & 2.62, 4.77, 9.38, 23.63, 24.40, 24.62,
40.81, 45.04, 50.30, 70.07, 79.87, 123.45, 128.52, 133.61,
133.83, 135.49, 135.64, 148.91, 149.33, 155.74, 176.41.

Acknowledgment. Dedicated to Sir Jack Baldwin on the
occasion of his 81st birthday. A.D. is grateful to the Drug
Discovery Institute of The University of Pittsburgh for
providing an excellent working environment and to the
National Cancer Institute for their interest in my p53/mdm?2
project, allowing me to participate in a Rapid Access to NCI
Discovery Resources (R-A-N-D) program. Part of this work
was funded by CMCR grant UI9AI068021. This work has
also been supported by the Deutsche Krebshilfe (German
Cancer Aid), Grant 108354.

Supporting Information Available. Protocol for water
solubility measurements and 'H and '*C NNMR spectra of
all new compounds.This material is available free of charge
via the Internet at http://pubs.acs.org.

References and Notes

(1) Vassilev, L. T. Trends Mol. Med. 2007, 13, 23-31.

(2) Kumamoto, K.; Spillare, E. A.; Fujita, K.; Horikawa, L;
Yamashita, T.; Appella, E.; Nagashima, M.; Takenoshita, S.;
Yokota, J.; Harris, C. C. Cancer Res. 2008, 68, 3193-3203.

(3) (a) Domling, A. Curr. Opin. Chem. Biol. 2008, 12, 281-291.
(b) Bista, M.; Kowalska, K.; Janczyk, W.; Domling, A.; Holak,
T. A. J. Am. Chem. Soc. 2009, 131, 7500-7501.

(4) Czarna, A.; Beck, B.; Srivastava, S.; Popowitz, G.; Balachan-
dran, R.; Day, B. W.; Holak, T. A.; Domling, A. Unpublished
work.

(5) (a) Bon, R. S.; Hong, C.; Bouma, M. J.; Schmitz, R. F.; De
Kanter, F. J. J.; Lutz, M.; Spek, A. L.; Orru, R. V. A. Org.
Lett. 2003, 5, 3759-3762. (b) Bon, R. S.; Van Vliet, B.;

Journal of Combinatorial Chemistry, 2009 Vol. 11, No. 4 639

Sprenkels, N. E.; Schmitz, R. F.; De Kanter, F. J. J.; Stevens,
C. V.; Swart, M.; Bickelhaupt, F. M.; Groen, M. B.; Orru,
R. V. A. J. Org. Chem. 2005, 70, 3542-3553. (c) Elders, N.;
Schmitz, R. F.; De Kanter, F. J. J.; Ruijter, E.; Groen, M. B.;
Orru, R. V. A. J. Org. Chem. 2007, 72, 6135-6142. (d) Bon,
R. S.; Sprenkels, N. E.; Koningstein, M. M.; Schmitz, R. F.;
de Kanter, F. J. J.; Domling, A.; Groen, M. B.; Orru, R. V. A.
Org. Biomol. Chem. 2008, 6, 130-137.
(6) The modeling pictures were rendered using PYMOL.
(7) (a) Barrow, R. A.; Hemscheidt, T.; Liang, J.; Paik, S.; Moore,
R. E.; Tius, M. E. J. Am. Chem. Soc. 1995, 117, 2479-2490.
(b) Smith, M. B.; March, J. In Advanced Organic Reactions:
Reactions, Mechanisms and Structure, 5th ed.; J. Wiley &
Sons: New York; 2001, p 510. (c) Perreux, L.; Loupy, A;
Delmotte, M. Tetrahedron 2003, 59, 2185-2189, and refer-
ences cited wherein. (d) Riviere-Baudet, M.; Morere, A.; Dias,
M. Tetrahedron Lett. 1992, 33, 6453-6456. (e¢) Weinreb,
S. M.; Anderson, G. T.; Nylund, C. S. In Encyclopedia of
Reagents for Organic Synthesis; Paquette, L. A., Ed.; Wiley:
Chichester, U.K., 1995; Vol. 3, p 1997. (f) Houghton, R. P.;
Williams, C. S. Tetrahedron Lett. 1967, 8, 3929-3931.
(8) Domling, A. Chem. Rev. 2006, 106, 17-89.
(9) Domling, A.; Beck, B.; Fuchs, T.; Yazbak, A. J. Comb. Chem.
2006, 8, 872-880.
(10) Sabot, C.; Kumar, K. A.; Meunier, S.; Mioskowski, C.
Tetrahedron Lett. 2007, 48, 3863-3866.
(11) Wang, W.; Domling, A. J. Comb. Chem. 2009, 11, 403-409.
(12) Bergstrom, C. A. S.; Strafford, M.; Lazorova, L.; Avdeef, A.;
Luthman, K.; Artursson, P. J. Med. Chem. 2003, 46, 558—
570.
(13) van der Waterbeemd, H.; Smith, D. A.; Beaumont, K.; Walker,
D. K. J. Med. Chem. 2001, 44, 1312-1331.
(14) Bhattachar, S. N.; Deschenes, L.; Wesley, J. A. Drug
Discovery Today 2006, 11, 1012—-1018.
(15) McGovern, S. L.; Caselli, E.; Grigorieff, N.; Shoichet, B. K.
J. Med. Chem. 2002, 45, 1712-1722.

CC9000218



