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Solid-Phase Synthesis ofi-(2-(Benzylthio)- dehyde, and 2-benzyl-2-thiopseudourea hydrochloride were
1,4-dihydro-6-methyl-4{-tolylpyrimidine-5- selected for optimization of solid-phase Biginelli reaction
carboxamido) Acids: a New Strategy To conditions (Scheme 1). Direct cleavati¢ NMR determi-

Create Diversitv in Heterocvelic Scaffolds natiort” was used to follow the reaction. The amino acid
y y was linked to the solid support by standard DIC/DMAP

Lei Zhang and Tarig M. Rana* method. The Fmoc group was deprotected by 20% piperidine
in DMF to afford phenylalanine attached re@a The 1,3-
diketone fragment was then linked2a by acetoacetylation

of the N-terminal end of the resin bound amino acid with

Program in Chemical Biology,
Department of Biochemistry and Molecular
Pharmacology, Uniersity of Massachusetts Medical

School, 364 Plantation Street, diketene, which was introduced to the resin/DCM slurry very

Worcester, Massachusetts 01605 slowly under shaking in a dropwise manner. The reaction
) was kept at ®C for 30 min and then allowed to shake at

Receied Naember 10, 2003 room temperature for 4 h. A Kaiser test showed complete

Combinatorial chemistry has become an increasingly disappearance of the free amine group, resulting in the
important tool for developing new candidate drugs for formation of resin-bound acetoacetamide derivatBe
fighting diseases. The most widely used strategy for library About 10 mg of the bead3a was treated with TFA/CDGI
preparation is solid-phase organic synthesis (SPOS), with a(1:1) solution containing hexamethyldisiloxane (HMDSO,
large number of reactions having been successfully estab-0.74 mM, 100uL) at room temperature fa3 h in a NMR
lished on solid support. tube and then was diluted with DMS@&- (600 uL). The

In the past 10 years, interest in the Biginelli three- direct cleavageH NMR spectra demonstrated that clean
component reactid? has increased rapidly? because of reactions occurred in the first three steps.
the diverse range of pharmacological properties exhibited  knoevenagel condensati§of polymer-bounds-acetoac-
by some Biginelli compound$;** such as calcium channel  gtamido acid3a with 10 equiv of p-tolualdehyde in the
modulation® vasorelaxant activity; a.-adrenergic receptor  presence of piperidinium acetate (1 equiv) in anhydrous
antagonisnt? neuropeptide Y (NPY) antagonisth,and  ojyene or 1,2-dichlorobenzene at 80 for 4 h produced
gntim_itotic activity1* yet only limited dihydropy_rimidine desired polymer bound enonéa Compared to the impuri-
libraries have been reportét:® Study on solid-phase o5 generated in the absence of molecular sieves, the reaction
Biginelli reaction also remains very unexplorétlBecause o4 tg quantitative conversion and significantly high purity
of the biological significance of the Biginelli-type compounds  j, the presence of the water absorbent according to the direct

and our interest in solid-phase synthesis of biologically active cleavageéH NMR spectrum and LC/MS spectra of this NMR
L 5
compounds to modulate the HIV-1 replication cytiétwe solution. The'H NMR spectrum indicated the formation of

have_designed _different pgthways f(_)r _b‘%”ding combinatorial both trans and cis isomers in approximately 1:1 ratio. The
libraries containing a dihydropyrimidine scaffold. One resulting immobilized material, composed of a mixture of

patr;fwiaay l[nvotlves \|/|\1/tr0ducmg grtr;]m? acids 'n:F’ th'? CO'® two isomers, was used directly for the next step of the
scatiold structure. vve reasoned that incorporation ot amino ., g Therefore, enone-bound redmwas swollen in

acids should not only increase the water solubility of anhydrous NMP and mixed with 2-benzyl-2-thiopseudourea

_compc_)unds, k?Ut S.hOU|d _also_ increase _Iibrary . diver_sity, hydrochloride (5 equiv), cesium carbonate (6 equiv), and a
including the diversity of biological properties. Amino acids few grains of molecular sieves (4 A) as a water absorbent.

between the core structure and solid support can also act 8Sre reaction was carried out at 80 for 24 h under nitrogen

Ilnklers ‘an sgacers tthat may_facmtate th?thso:cl_d-{)hal.sde atmosphere to give resin-bound 1,4-dihydropyrimidiiag
cyclocondensation reaction. Ferein, we present € first Solid-;, \y ich thea-L-phenylalanine was linked to the 5-position

peréilﬁe sy?c;thets;rs] p;(?toccthli Orf] ?r']hgdrm?im? I?ITC?S br(]a;\rm%itan via a carboxamido bond. Again, direct cleavage NMR
amino acid at In€ >-positio ery high yields and punty spectrum (Figure 1), and LC/MS spectra of this NMR

suitable for preparation of large libraries. solution not only confirmed the expected structure6af

Among a wide selection of resins, we utilized Wang resin, . ) )
L ! . . but also indicated that the former five-step reactions are
which is a common and cost-effective resin for solid-phase . S .
almost clean. In our case of solid-phase Biginelli reaction,

peptide synthesis and solid-phase organic synthégtsnoc- : .
protecteda-L-phenylalanine (Fmoc-Phe-OHg), p-tolual- two d|astereomers were formgd bgcause of the _eX|stence of
' o-L-phenylalanine. The reaction did not show diastereose-

*To whom correspondence should be addressed. Phone: (508) 856-|€Ctivity at the 4-position chiral center, and both diastereo-
6216. Fax: (508) 856-6696. E-mail: Tarig.rana@umassmed.edu. mers had been formed in approximately equal amounts, as
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Figure 1. H NMR spectrum of direct cleavagsa — 643, diluted with DMSO#.
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a(a) (i) Fmoc-NHCH(R)COOHL(a—f) (5 equiv, 1 M, DMF), DIC (5 equiv), DMAP (0.1 equiv, 0.1 M, DMF), room temp, 12 h. Repeat once. (ii) 20%
piperidine, DMF, room temp, 15 min. Repeat twice. (b) diketene (10 equiv), DMAP (0.1 equiv, 0.1 M, DC) 30 min, room temp, 4 h. (¢} Tolualdehyde
(10 equiv), piperidine (0.5 equiv, 1 M, toluene), AcOH (0.5 equiv, 1 M, toluene), molecular sieves, toluée 0. (d)S-Benzylisothiourea hydrochloride
(5 equiv), CsCO;s (6 equiv), NMP, 80°C, 24 h. (e) TFA/HO/TIPS (95:2.5:2.5), room temp, 3 h.

demonstrated in théH NMR spectrum of6éa. Thus, the Phe-OH (La) was used as a referential control. All six Fmoc-
6-methyl and 4p-tolyl methyl groups are observed as two protected amino acidga—f) were initially coupled to Wang
pairs of singlets ab 1.85/2.00 (3H) and 2.05/2.10 ppm (3H). resin utilizing the DIC/DMAP procedure to give resin-bound
We collected the product as a mixture of two diastereomers amino acid®(a—f). Cleavage of the Fmoc protection group
without further separation. There were no other major and acetoacetylation of the free amine group with diketene
impurity signals in the direct cleavadel NMR spectrum led to resins3(a—f). The following solid-phase Knoevenagel
except the reference peaks of HMDSOdat-0 ppm (2 s) condensation witlp-tolualdehyde afforded polymer-bound
and some solvent signals. enonesd(a—f) as mixtures of trans/cis isomers. Finally, in
The above optimized reaction conditions were then all six cases, solid-phase Atwal-modified Biginelli cyclo-
applied to solid-phase parallel synthesis of six different amino condensation led to almost quantitative formation of polymer-
acids carrying a side chain that included positively charged bounda-(2-(benzylthio)-1,4-dihydro-6-methyl-g-tolylpy-
arginine and lysine, negatively charged glutamic acid, rimidine-5-carboxamido) acid diastereomé&(a—f). Each
heterocycle containing histidine, hydroxyl bearing serine, and step of the reaction sequence was followed by direct cleavage
phenylalanine. Fmoc-protected amino acids Fmoc-Phe-OHH NMR determination of~10 mg of washed and dried
(1a), Fmoc-Arg(pbf)-OH tb), Fmoc-Lys(BOC)-OH 10), resin. This solution was also analyzed by LC/MS (see
Fmoc-His(Trt)-OH (d), Fmoc-GluBu)-OH (le), and Fmoc- Supporting Information). AIfH NMR spectra showed that
Ser{Bu)-OH (1f) were used for the parallel synthesis. Fmoc- the side-chain protection groups were also removed during
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Cao, Z.; Wang, S. W.; Wang, J. T.; Peppe,Tetrahedron
2002 58, 4801-4807. (c) Dondoni, A.; Massi, A.; Sabbatini,
S. Tetrahedron Lett2001, 42, 4495-4497. (d) Lu, J.; Ma,
H. Synlett200Q 63—-64. (e) Ranu, B. C.; Hajra. A.; Jana,
U. J. Org. Chem200Q 65, 6270-6272. (f) Lu, J.; Bai, Y.;
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Chem.200Q 65, 6777-6779. (h) Hu, E. H.; Sidler, D. R.;
Dolling, U. J. Org. Chem1998 63, 3454-3457.

(5) (a) Peng, J.; Deng, YTetrahedron Lett2001, 42, 5917
5919. (b) Ma, Y.; Qian, C.; Wang, L.; Yang, M. Org.
Chem.200Q 65, 3864—3868.

the cleavage stage for direct cleavagjeNMR except resins
2a—5afor the phenylalanine analogues. The arginine-bound
resins2b—5b generally gave rise to slightly complicatéd
NMR spectra, potentially because of slight decomposition
under heating conditions. The selected protection groups (pbf,
BOC, Trt, and'Bu ester) were stable under the conditions
applied in these experiments. All resulting compounds in
each step also seemed quite stable to the cleavage conditions.
Finally, 100 mg of beadS(a—f) was treated with a solution

of 95% TFA/2.5% HO/2.5% TIPS in a peptide synthesis
tube at room temperature for 3 h. Evaporating solvents,
washing the residue with diethyl ether, and lyophilization

gave desired produc&a—f) as white or pale yellow solids
in 54.8-76.4% of isolated yields ang95% purity. All the
structures were confirmed B4 NMR and high resolution

mass spectra (HRMS) (see Supporting Information). The two
diastereomers were formed in all six cases in a ratio of

approximately 1:1, as shown il NMR spectra for 6-Chj
4-CH, and 4-tolyl methyl groups of the dihydropyrimidine
ring. To date, a critical point for Biginelli reaction is the

resolution of enantiomers by tedious semipreparative chiral

HPLC or biocatalytic methodS. Our strategy, using pure

amino acid enantiomers to introduce a novel chiral center

to the Biginelli dihydropyrimidine scaffold, afforded two

diastereomers. Although we did not separate the two dia-
stereomers, their separation should be quite straightforward

using reversed-phase HPLC.

In conclusion, we have demonstrated a six-step method

(6) Studer, A.; Jeger, P.; Wipf, P.; Curran, D.POrg. Chem
1997, 62, 2917-2924.

(7) (&) Wipf, P.; Cunningham, ATetrahedron Lett1995 36,
7819-7822. (b) Kappe, C. OBioorg. Med. Chem. Lett.
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7975-7978.
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630. (b) Kappe, C. O.; Kumar, D.; Varma, R. Synthesis
1999 1799-1803.

(9) (a) Kappe, C. OMolecules1998 3, 1—9. (b) Kappe, C. O.
Eur. J. Med. Chem200Q 35, 1043-1052.

(10) (a) Junk, B.; Pernat, T.; Kappe, C. Molecules200Q 5,
227-239. (b) Atwal, K. S.; Rovnyak, G. C.; Schwartz, J.;
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Moreland, S.; Gougoutas, J. Z.; O'Reilly, B. C.; Schwartz,
J.; Malley, M. F.J. Med. Chem1992 35, 3254-3263.

for solid-phase parallel synthesis of 5-amino acid-substituted
4-aryl-2-benzylthio—6—methyl—1,4-dihydropyrimidines. Each Roberge, C. M.. Taylor, C. S.: Li, W.: Bills, G. F.. PCT Int.
step of the reaction gave excellent conversions and very high WO 99 07695, February 8, 1999.

purity. This procedure provides an easy methodology for (13) Bruce, M. A.; Pointdexter, G. S.; Johnson, G. PCT Int. Appl.
preparing libraries of amino acid-substituted Biginelli com- WO 98 33791, August 6, 1998.

pounds that are potentially bioactive and, therefore, will be (14) Mayer, T. U.; Kapoor, T. M.; Haggarty, S. J.; King, R. W.;
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important for both biological and medicinal applications.
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