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A Pseudopeptide Platform with Side Chains
Addressable for Combinatorial Applications
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Abstract: A synthetic pathway is presented to new, functionalized, pseudopeplide molecular platforms with
selectively removable protecting groups on their side chains. The platforms are available in gram quantities and

are used as core molecules for combinatorial chemistry. © 1999 Elsevier Science Ltd. All rights reserved.
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Rigid molecules with C3 symmetry that present functional groups on the same face of the structure can serve as
core molecules for solution phase combinatorial chemistry,' and as templates for synthetic receptors.? Their
advantage for the former application lies in the diversity available on a well-defined surface; for the latter
application, their use as modules with spacers leads to cleft-like structures with convergent functional groups.
For cither use, gram-scale synthesis® and selectively removable blocking groups (orthogonal protection;

addressability) are desirable. We report here such a structure® (Fig 1).

Ly ! >
N r
o) YN
NN
1a: R=COOH
1b: R=NH2

Figure 1. General structure of the platforms (1a,b), and Monte Carlo minimized structure of 1a functionalized as a tris(methylamide).
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A Monte Carlo conformational search using MacroModel v.5.5° and the MM2® force field reveal that
these macrocyclics are stabilized by intramolecular hydrogen bonds (Fig 1) that rigidify their structures and
enforce the presentation of the side chains on the same face of the molecule. The platforms have dimensions
similar to those of ketals derived from triphenyle:nc,7 with approximately 1 nm distance between the side
chains. This distance is almost twice that of other tripodal platforms® and is greater than those found in

resorcinarenes,” calixarenes,'° or tetraary! porphyrins,“ structures much-admired in supramolecular chemistry.
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Scheme 1. i: HBTU, HOBt, DIEA, 81-87% ii: TFA, CHCl;, r.t., 1h, >99% iii: 2a or 2b, HBTU, HOB1, DIEA, 59-65% iv: Zn,
HOAc, 4 h, r.t., 64-92% v: DPPA, DIEA, DMF, 16 h, r.t., 55-60% vi: Pd/C, THF-DMF, 3h, 88-99%.

The platforms were synthesized in solution by a stepwise build-up of linear trimers (5, Scheme 1),
followed by a macrolactamization. Specifically, 2a and 2b were coupled to 3a and 3b, respectively, using
HBTU (2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate) activation in combination
with in situ neutralization to give the dimers (4a) and (4b) in 81-87% yield. Cleavage of the Boc groups gave
the trifluoroacetates of 4a and 4b and their HBTU- activated coupling with 2a and 2b, respectively, was
repeated to give the trimers (5a) and (5b) in 59-65% yield. Cleavage of the C-terminal phenacyl esters with
zinc in acetic acid, followed by acidolytic cleavage of the N-terminal Boc groups, gave the respective
deprotected linear trimers. These were cyclized with DPPA in DMF to afford 6a and 6b in 38-50% yield.
Catalytic hydrogenolysis in the presence of Pd/C gave the deprotected core molecules 1a and 1b in 88-99%
yields.

A version with the necessary selectively removable protecting groups (7, Scheme 2) was next
synthesized, again starting with 2b. Coupling to 2¢ with HBTU was followed by C-terminal deprotection with
zinc in acetic acid and coupling with 2d afforded the linear trimer. The N-terminal Boc group and the C-
terminal fert-butyl ester were removed simultaneously with TFA in chloroform and the resulting trimer was
cyclized with DPPA in DMF giving the orthogonally protected platform (7) in 36% overall yield on a | g scale.

The synthesis of 8 illustrates the use of 7 for the synthesis of specific platforms with different side
chains. The Fmoc group of 7 was removed with diethyl amine in DMF and the resulting free amine was

acetylated in 96% yield. The Aloc group was then removed by palladium-catalyzed hydrostannolysis with
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tributyltin hydrideIZ and the amine was reacted with phenylacetyl chloride to give the amide in 81% yield.
Finally, catalytic hydrogenolysis of the Z group and reaction with 3,5-dichlorobenzoy! chloride gave 8 in 82%
yield.
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Scheme 2. i: 2b, 2¢, HBTU, HOBY, DIEA, THF, r.t, 91% ii: Zn, HOAc, r.t,, 2h, 83% iii: 2d, HBTU, HOB, DIEA, r.t.,
74% iv: TFA, CHCl, r.t,, 3h, >99% v: DPPA, DIEA, DMF, .1, 16h, 65% vi: E,NH, DMF, r.t., lh, 97% vii: AcCl, DIEA, THF-
DMF, 99% viii: [PPh;]Pd(0), Bu;SnH, AcOH, DMF, r.., 1h, 82% ix: phenylacetyl chloride, DIEA, THF-DMF, r.t., 9% x: Pd/C,
THF-DMF, r.t., 16h, >99% xi: 3,5-dichlorobenzoyl chloride, DIEA, THF-DMF, r.1., 2h, 83%.

The use of 1a and 1b as core molecules for solution phase combinatorial synthesis of mixtures' was
established through small test libraries. Pre-activation of core molecule 1a as its pentafluorophenyl ester led to
succinimide formation,'* but when 1a was activated in situ as its mixed anhydride with isobutyl chloroformate
at -30°C and coupled with a mixture of three amines,'® a library containing 11 compounds was obtained. These
were all identified by MALDI-TOF (HR-MS) and HPLC. Mixtures of three acid chlorides'® or three sulfonyl
chlorides'’ added to 1b resulted in amide and sulfonamide libraries, respectively, each containing 11
compounds.

The building blocks (2a-d) were prepared by coupling of orthogonally protected amino acids to
phenacyl or fert-butyl 3-aminobenzoate in in 77-93% yield, using isobutyl chloroformate activation.
Orthogonally protected (25)-2,3-diaminopropanoic acid derivatives were prepared by Hofmann rearrangement
of the corresponding N-protected asparagine derivatives with iodobenzene diacetate'® followed by protection of
the resulting amine using standard procedures. '’

In summary, an orthogonally protected platform (7) was synthesized on a gram scale and its use in the
synthesis of combinatorial chemistry was demonstrated. Applications in molecular recognition are in progress

and will be reported in due course.
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