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ABSTRACT

The exhaustive reduction of resin-bound tripeptides with borane afforded three secondary amines and one primary amine. The treatment of
the solid-support polyamines with thiocarbonyldiimidazole afforded, following cleavage of the solid support, the corresponding bis-cyclic
thiourea in good purity and yield.

Solid-phase organic synthesis (SPOS) is a powerful approach
for the design and the parallel rapid synthesis of acyclic and
heterocyclic compounds.1 Combinatorial chemistry tech-
niques have been adopted by major pharmaceutical compa-
nies and were rated lately by the journalScienceas one of
nine breakthroughs in scientific research.2 Herein, we
describe an efficient method for the solid-phase synthesis
of individual bis-cyclic thioureas from resin-bound tripeptides
1. Substituted thioureas possess a wide variety of known
biological activities, including non-nucleoside inhibition of
HIV-1 and HIV-2 reverse transcriptases,3 potent orally active
antagonism of the bradykinin B (2) receptor,4 and antioxidant
active compounds with potent anti-HIV activity.5

In the current study, starting fromp-methylbenzhydril-
amine (MBHA) resin, tripeptides were synthesized using
conventional Boc chemistry.6 Following coupling of the third

amino acid and Boc deprotection, the resin-bound tripeptide
was treated with borane in THF, resulting in the exhaustive
reduction of the amides to yield resin-bound polyamines
containing three secondary amines and one terminal primary
amine (Scheme 1).7

The resin-bound polyamine2 is then treated with thio-
carbonyldiimidazole to afford following HF cleavage the bis-
cyclic thiourea4. Kinetically, the primary amine reacts first
with thiocabonyldiimidazole which favors interaction with
the adjacent secondary amine in an intermolecular cyclization
to yield the energetically favorable five-membered ring cyclic
thiourea. The two remaining secondary amines further react
with thiocarbonyldiimidazole to yield the second heterocycle.
Following a number of attempts at different concentrations
of thiocarbonyldiimidazole, we observed that working at low
concentration and using a small excess of the reagents led
to the desired bis-heterocyclic compounds with purities
greater than 80%. High concentrations and/or large excesses
of the reagent increase the probability that the different
amines will react with thiocarbonyldiimidazole and prevent
the cyclization step. In support of our kinetic hypothesis,
we found that the treatment of a resin-bound polyamine
containing four secondary amines led to the formation of
multiple products. We have previously used the combination
of resin-bound amines and thiocarbonyldiimidazole for the
synthesis of cyclic thiourea8 and bicyclic guanidine libraries.7a
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We have optimized the reactions conditions of this
synthetic route by the parallel synthesis of eight different
bis-imidazolidinethiones. Phenylalanine and leucine were
chosen for the R1 and R2 positions and alanine and leucine
for the R3 position. As shown in Table 1, all compounds

were obtained in good purity (>80%) with yields greater
than 85% relative to the initial loading of the resin. We are
in the course of expanding this approach for the parallel

synthesis of a large number of individual compounds which
will serve as controls for the selection of building blocks
for the synthesis of a bis-imidazolidinethione library.

This approach is a continuation of our efforts directed
toward the synthesis of acyclic and heterocyclic compounds
from short peptides.9 Using the concept of “libraries from
libraries”,10 we are thus able to generate bis-heterocyclic
cyclic thioureas from the amines resulting from the exhaus-
tive reduction of resin-bound tripeptides. We are in the course
of expanding this approach for the solid-phase synthesis of
other bis-heterocyclic compounds using a variety of different
bifunctional reagents.

Supporting Information Available: Experimental pro-
cedures and LC-MS data for all compounds. LC-MS data
for the treatment of four resin-bound secondary amines with
thiocarbonyldiimidazole.This material is available free of
charge via Internet at http://pubs.acs.org.

OL000225E

(6) (a) Merrifield, R. B.;J. Am. Chem. Soc. 1963,85, 2149. (b) Merrifield,
R. B. Science1986,232, 341.

(7) For the reducton of amides in the solid-support, see: (a) Ostresh, J.
M.; Schoner, C. C.; Hamashin, V. T.; Nefzi, A.; Meyer, J.-P.; Houghten,
R. A. J. Org. Chem. 1998, 63, 8622. (b) Nefzi, A.; Ostresh, J. M.; Houghten,
R. A. Tetrahedron1999,55, 35.

(8) (a) Nefzi, A.; Ostresh. J. M.; Giulianotti, M.; Houghten, R. A.J.
Comb. Chem.1999, 1, 195. (b) Nefzi, A.; Ostresh, J. M.; Meyer, J.-P.;
Houghten, R. A.Tetrahedron Lett.1997,38, 931.

(9) Houghten, R. A.; Pinilla, C.; Appel, J. R.; Blondelle, S. E.; Dooley,
C. T.; Eichler, J.; Nefzi, A.; Ostresh, J. M.J. Med Chem.1999,42, 3743.

(10) Ostresh, J. M.; Husar, G. M.; Blondelle, S. E.; Dorner, B.; Weber,
P. A.; Houghten, R. A.Proc. Natl. Acad. Sci. U.S.A.1994,91, 11138.

Scheme 1a

a(a) BocNH-(R2)-COOH, DICDI, HOBT; 55% TFA in DCM; BocNH-(R3)-COOH, DICDI, HOBT; 55% TFA in DCM; (b) BH3-THF,
65 °C; (c) pipeidine, 65°C; (d) TCDI in DCM; (e) HF/anisole.

Table 1. Products Were Run on a Vydac Column, Gradient
5-95% of 0.05% TFA in ACN in 7 min. The Purity Was
Estimated on Analytical Traces atλ ) 214 nm
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