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A combinatorial scaffolding procedure for the synthesis and spatial arrangement of tripartite structures was developed.

The design of drug-like chemical entities for nonbiased for the biological activity, Tym-Trp-Lys and Trp-Lys-Tyr,
screening constitutes an enormous challérngeploring the respectively. Contemporaneously, Hacksell and co-workers
diversity represented by the amino acid side chains on published the first nonpeptide Ull receptor agonist discovered
nonpeptidic scaffolds has proven to be a powerful method by screening, using the functional assay technology R-SAT.
for the design of ligands toward a wide range of targets. It is notable that the discovered agonist resembles the
Recently, ligand-based drug design techniques were utilizedminimalized Ull peptide motif. In addition to peptidomimetic
for identification of novel nonpeptidic ligands at the soma- design, the spatial arrangement of three amino acid side
tostatin (SST and urotensin Il (Ul receptors. Both  chains or analogues thereof has also been successful in
strategies were based on the minimal peptidic motif required proteomimetic design, mimicking the-helix2> Overall,
these examples signify the importance of the subtle three-
(1) Wess, G.; Urmann, M.; Sickenberger,igew. Chem., Int. EQ001, dimensional arrangement of the three amino acid side chains.
40, 3341. _ This is especially evident in the case of SST and Ull ligands,
zoc()zl),é%z’l\lf?k.a(ﬁrg?hgf é(_agY?tEOrh?{, g: Tlna%mt;] gj;aA’gr:gd';gﬁ;_ where the same triad of pharmacophore elements results in
Soc.2001,123, 5382. (¢) Hirschmann, R.; Hynes, J., Jr.; Cichy-Knight, M. ~ activity at different receptors.
B s I & S P e 2eAte . ¢ Combinatorial scatfold approaches have mainly been based
B., Il J. Med. Chem1998,41, 1382. (d) Olson, G. L.; Cheung, H.-C.; On the decoration of core structures, e.g. dichlorohetero-

ghian% Ii:JMﬁdigog,hV. fé;ggzrgn\évggé%; )\/Ln_cenﬁ, G. P-:R W;\rll_oktllr, A cycles® or by formation of the skeleton during the addition

ary, K. A.J. Med. Chem ,38, . () Hirschmann, R.; Nicolaou, . . . o - . .

K Cy.; Pietranico, S.: Salvino, J.: Leahy, E. M.. Sprengler, P. A Furst, G.: of.the diversity generating building blocks, i.e., d|v9r§|ty—

Smith, A. B., Ill; Strader, C. D.; Cascieri, M. A.; Candelore, M. R.;  oriented synthesisWe herein report a conceptually distinct

Donaldson, C.; Vale, W.; Maechler, I. Am. Chem. S04992 114, 9217. ; ; ; ; :

() Belanger, P. C - Dufresne, Can. J. Chemi986 64, 1514, (g) Souers, methodology of combinatorial scaffolding built upon first

A. J.; Virgilio, A. A; Rosenquist, A.; Fenuik, W.; Ellman, J. A. Am.
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Scheme 1. Metal lodide Promoted Three-Component Reaction
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temperature 2 h prior to the aqueous workup. This procedure
gave theo-substituted-a,5-enon@ in 48% isolated yield
with an E/Z ratio of 85:15. Using EAIll instead of Mgk as

the Lewis acid afforde@ in 60% yield without any change

in the E/Z ratio.

Although a,$-enones have been widely used for the
creation of a range of heterocycles, only a few reported
examples have incorporatedsubstituents and to the best
of our knowledge none with additional heteroatom func-
tionalities such as basic amines. The synthesis of five drug-
like core structures3(—7) was selected to exemplify the use
of a-substituted-o.,5-enones (e.8) as building blocks.

Reaction ofN-methylurea with2 at room temperature in
the presence of NaOEt proceeded uneventfully and resulted

generating the three necessary pharmacophore elementm dihydropyrimidinone3 in 48% vyield as a single regioi-
followed by constructing the central core unit as a fourth somer.*H NMR experiments showed two singlets at 6.60

diversity point. This fourth diversity point is mainly the

and 4.48 ppm assigned adHNand H;, respectively, cor-

diverse spatial arrangement of the pharmacophore elementstoborating the previously assigned structéfre.
a,B-Enones have been used as branching points for the Reaction of excess dimethyloxosulfonium methylide with

creation of drug-like heterocyclic librariand were there-

2 resulted in the formation of cyclopropyl ketodeas the

fore regarded as useful intermediates to set the stage for themajor product in 70% isolated yield.Only one diastereoi-

construction of the core structures. However, a drawback somer was indicated by NMR experiments, and the relative
was that most of the published synthetic procedures,ff stereochemistry was determined to be anti by NOE measure-
enones gave only products with two diversity points. With ments. Oxirane byproducts were formed in minor amounts
the combinatorial scaffolding objectives in mind, we recently (<5%) according to LC/MS, probably due to the use of
developed a practical and efficient multicomponent reaction excess dimethyloxosulfonium methylide. When a stoichio-

(MCR) by which substituted pyrrolidines ard-enones

metric amount of dimethyloxosulfonium methylide was used,

incorporating three diversity points could be synthesized a low conversion of the starting material was observed.

(Scheme 1¥.Furthermore, these reactions were applicable

The next core structure based on the pyrazoline scaffold

toward a diverse range of substrates and the products weravas prepared by the condensatior2efith methylhydrazine
easily purified by a scavenger resin/ion exchange chroma-in the presence of InglThis reaction resulted in 72% yield

tography procedure.

of pyrazoline5 as a 3:1 diasteromeric mixture. The stereo-

The chemistry described herein is exemplified by using chemistry of the major isomer was confirmed as having an

the structural motif found in the Uil receptor agonistyC-
7954 previously discovered in our laboratories (Scheme 2).
Mixing cyclopropyl phenyl ketone, 4-chlorobenzaldehyde,
and ethylamine in the presence of Mafforded pyrrolidine
1in 69% yield with an excellent diastereomeric ratio (>99:
1).

The centrab,S-enone2 was synthesized in a similar way
as pyrrolidinel, with two exceptions. First, a secondary

amine, diethylamine, was used instead of ethylamine and?
second, to complete a Hofmann elimination of the formed

intermediate pyrrolidinium salt, KBu was added at room

(8) (a) Marzinzik, A. L.; Felder, E. R. J. Org. Chert998,63, 723. (b)

anti configuration by the strong interaction betweeyad

the protons in the diethylamino chain and by the absence of
any NOESY correlation between, B.56 ppm) and ki(3.98
ppm) (see Supporting Information). Furthermore, the minor
diastereoisomer had a strong NOESY correlation between
H4 (3.58 ppm) and Kl (4.17 ppm), clearly indicating a syn
configuration of this compound. Additionally, the pyrazoline
core was stable to oxidation by air during storage, which
Iso has been noted by oth&p4?

Treatment of2 with benzamidine in DMF under an air
atmosphere at 10TC provided pyrimidines in 53% yield.
When the reaction was performed under an argon atmo-
sphere, the corresponding nonaromatized dihydropyrimidine

Powers, D. G.; Casebier, D. S.; Fokas, D.: Ryan, W. J.; Troth, J. R.; Coffen, Was obtained. Attempts to oxidize it further by vigorously

D. L. Tetrahedron1998, 54 4085.

(9) (a) Bertozzi, F.; Gustafsson, M.; Olsson,@tg. Lett 2002 4, 3147.

(b) Bertozzi, F.; Gustafsson, M.; Olsson, ®rg. Lett.2002,4, 4333. For
similar reaction see: (c) Alper, P. B.; Meyers, C.; Lerchner, A.; Siegel, D.
R.; Carreira, E. MAngew. Chem., Int. EA.999,38, 3186. Leading MCR
references: (d) Biginelli, BBer.1891 24, 1317. (e) Mannich, C.; Krosche,
W. Arch. Pharm.1912, 250, 647. (f) Passerini, Nkazz. Chim. Ital1921,

51, 126, 181. (g) Ugi, |Angew. Chem., Int. Ed. Engl962, 1, 8. (h)
Do6mling, A.; Ugi, I. Angew. Chem., Int. EQ000,39, 3168. (i) Bienayrme

H.; Hulme, C.; Oddon, G.; Schmitt, Ehem. Eur. J2000,6, 3321.

(10) For isolation and structurdunction analysis of Ull, see: (a)
Pearson, D.; Shively, J. E.; Clark, B. R.; Geschwind, I. I.; Barkley, M.;
Nishioka, R. S.; Bern, H. AProc. Natl. Acad. Sci. U.S.A980,77, 5021.
(b) Coulouarn, Y.; Lihrmann, I.; Jegou, S.; Anouar, Y.; Tostivint, H.;
Beauvillian, J. C.; Conlon, J. M.; Bern, H. A.; Vaudry, Rroc. Natl. Acad.
Sci. U.S.A1998,95, 15803.
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stirring the reaction mixture at 100C under an air
atmosphere were unsuccessful. Use of the corresponding HCI
salt of benzamidine mainly resulted in a poor conversion,
and the starting material was recovetéd.

Finally, the benzothiazepine scaffoldwas synthesized
in 45% yield by reactin@ with 2-aminothiophenol in toluene

(11) (a) Corey, E. J.; Chaykovsky, M. Am. Chem. S0¢965,87, 1353.
(b) Zhang, R.; Mamai, A.; Madalengoitia, J. &.Org. Chem1999, 64,
547.

(12) Bauer, U.; Egner, B. J.; Nilsson, I.; Berghult, Wetrahedron Lett.
2000,41, 2713.

(13) Mdller, T. J. J.; Braun, R.; Ansorge, Mrg. Lett.2000,2, 1967.
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Scheme 2. Combinatorial Scaffoldingy
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aReagents and conditions: (a) MgTHF, 80°C, 6 h, 69% yield. (b) (i) BAll, CH3CN, rt, 15 h; (ii) KOBu, rt, 2h, 60% yield. (c)
NaOEt, DMF, rt, 12 h, 48% yield. (d) NaH, DMSO, 6C, 3.5 h, 76% vyield. (e) InGJ EtOH, 80°C, 10 h, 72% vyield. (f) DMF, air, 100
°C, 12 h, 53% yield. (gp-Toluenesulfonic acid, toluene, 4 A MS, 11G, 24 h, 45% vyield.

in the presence of a stoichiometric amountmfoluene- cessful, resulting in either uncyclized Michael addition adduct
sulfonic acid! Other reaction conditions tested, such as or poor conversion. The lack of reactivity in the synthesis
AcOH/MeOH or EtOH/refluxt> PPh/acetone—water/ft of this scaffold might be a reflection of the additional steric
and InCHEtOH/reflux or EtN/EtOH/reflux'® were unsuc-  crowding in the trisubstituted enone. LC/MS analysis and
NMR experiments indicated the formation of one diastere-
(14) Katritzky, A. R,; Ro_govoy, B. V.; Chassaing, C.; Vvedensky, V.; oisomer, which was determined to be anti by NOESY

Forood, B.; Flatt, B.; Nakai, HJ. Heterocycl. Chenm2000, 37, 1655 and
references therein. measurements.

Zaﬁ;ﬁzo'\r’]'gﬂ)e“,s..': geﬁgg'og?'éoggl ':Cehrgﬂoéigpg'fif* Pozzan, A In conclusion, we have developed a strategy for the

(16) Braun, R. U.; Zeitler, K.; Mdiller, T. J. Drg. Lett.2000,2, 4181. synthesis and spatial arrangement of tripartite structures. The
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one- or two-step synthetic procedure, which affords productsical assignments, and Professor David Tanner and Dr.
having a central cyclic an,3-enone core, has been achieved Nicholas Kelly for valuable comments on the manuscript.
by using inexpensive and readily accessible starting materials.

Furthermore, including the core structure, this protocol . . . ) ,

. . : : : o Supporting Information Available: General experimen-
provides compounds with four diversity points, thus giving tal q q d ch terizati HRMS
an average of two diversity points per step. A full account a procitaacure,asn ((:jompoun hc qrac; erization ( T,h'
including library synthesis and biological evaluation will be NMR’_ X N  an stereochemica a§5|gnments). IS
presented in due course. material is available free of charge via the Internet at

http://pubs.acs.org.
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