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SYNTHESIS OF OLIGO(5-AMINOPENTANOIC ACID)-NUCLEOBASES (APN):
POTENTIAL ANTISENSE AGENTS
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Abstract: Oligomers of 5-amino pentanoic acid nucleobases have been prepared for use as antisense agents. The

synthesis of the 5°-end starter unit and the 3”-end monomer unit, as well as the coupling procedures used for
oligomer formation are described. © 1997 Elsevier Science Ltd.

The principle of antisense inhibition of gene expression requires the binding of a complementary
oligonucleotide (the antisense agent) to either DNA (antigene) or RNA (antisense). This binding of the antisense
agent to DNA or RNA will then inhibit transcription, translation, or RNA processing through a variety of
mechanisms.! Due to severe limitations in the stability and utility of natural oligonucleotides as drugs, most
antisense or antigene agents make use of modified oligonucleotides as the antisense agent. These modified
antisense agents are usually modified at the phosphodiester linkage. !
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Figure 1: The structures of DNA (1), PNA (2), and of the PNA analog, APN (3).

A unique type of antisense agent is the peptide nucleic acid (PNA, 2), in which the purine or pyrimidine
base is attached to a peptide type of backbone.? Several analogs of the PNA have been prepared and most of these
PNAs rely upon ethylene diamine/glycine as the backbone of the molecule.3 A major advantage of these PNA
analogs is their stability both to nucleases as well as peptidases. These compounds have also shown excellent
hybridization properties with both DNA and RNA.4

To further investigate the structural requirement of PNAs, we decided to prepare a PNA of the general
structure 3 in which we have oligomerized 5-aminopentanoic acid nucleobase (APN) monomers. We chose these
monomeric units for two reasons. First, we were aware that the preorganization of the PNA 2 makes
hybridization to DNA and RNA thermodynamically favorable.> We thus wished to evaluate how little
preorganization was required in a molecule to still obtain favorable thermodynamics of hybridization. Of
particular note to our studies has been the preparation of a variety of very flexible PNA type molecules.® While
some of these molecules have shown decreased hybridization ability, others have shown very similar
hybridization properties to PNAs. We believe that the all carbon backbone of the APN will make modifications
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(e.g., olefins, amino/carboxyl groups) relatively easy to explore from a synthetic point of view. Such
modifications will allow us to further probe the structural requirements necessary for hybridization.

In order to obtain oligomer 3, it was necessary to synthesize two separate pieces, the 5™-end starter unit 6
and the 3”-end monomer unit 11. Pieces 6 and 11 could be deprotected and coupled together to form the APN
oligomer. Once incorporated into an oligomer, the benzyl carbonate (Cbz) protecting group could be removed
from the 5°-end of the APN giving the free hydroxyl. The free hydroxyl serves as a mimic of the 5”-end of
natural DNA, and provides a handle for possible incorporation of the APN into a chimeric structure with DNA.
The hydroxyl is also an appropriate site for attachment to a solid support which would be useful for synthesis of a
large oligomer.

The synthesis of the 5™-end of the oligomer is shown in scheme one. Starting from diethanolamine (4),
the nitrogen is protected as a t-butyl carbamate and one of the alcohols is protected as a benzyl carbonate to
produce 5.7 The remaining alcohol is coupled to N3-benzoylthymine8 via Mitsunobu conditions? to give 6.
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«©) N3—bcnzoylthymine, DEAD, PhyP, THF, 0 °C— 1t, 2 h, 65%.

Initial attempts to prepare the aminopentanoic acid monomer unit 11 from 5-aminopentanoic acid directly
proved fruitless. The optimal route to 11 is shown in scheme two. Starting from 8-valerolactam (7), the nitrogen
was N-allylated to give 8. The lactam was hydrolyzed, the acid esterified and the nitrogen protected as the z-butyl
carbamate derivative to give 9 in 62% yield from 8. The olefin was then cleaved with O3, and a reductive workup
with NaBH4 gave alcohol 10. Finally the thymine was introduced via a Mitsunobu reaction as before to give 11.
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(a) KH, allylbromide, THF, 0 "C—rt, 20 h, 89% (b) 7M HC], reflux, 24 h (c) BnOH, pTSA, benzene, reflux,
24 h (d) (BOC),0, EtzN, CH,Clp, 0 "C—> rt, 48 h, 62% over 3 steps (e) O3, NaBHy, THF/ CHCly, -78
‘Cort, 3.5h, 79% () Ns-benzoylthymine, DEAD, Ph;P, THF, 0°C—-rt, 85%.

With starter unit 6 and monomer unit 11 in hand, the synthesis of oligomers was addressed as shown in
scheme three. The starter unit was deprotected with HC to form the amine hydrochloride 12.10 The benzy] ester
of 11 was removed with 10% Pd(OH),/C in THF to produce acid 13. The choice of solvent for the
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hydrogenolysis proved crucial. The use of EtOH or MeOH for hydrogenolysis gave ethyl or methyl esters along
with the desired carboxylic acid.
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(a) HC1, EtOAc, 11, 48 h, 78% (b) Hy, 1 atm, 10% Pd(OH); /C, THF, t, 24 h, 90% (c¢) TBTU, iPr;NEt, CH;3CN,
0°Cort, 24 h, 67% (d) HCl EtOAc, 1t, 48 h, 100% (e) TBTU, 13, iPrNEt, CH3CN, 0 “C-rt, 24 h, 51%.

We had originally sought to carry out oligomer formation using only the monomer units 13 and the N-
BOC deprotected amine of 11. All methods used to effect this coupling led to the formation of a §-valerolactam
derivative. Thus, we were required to initiate oligomer synthesis with monomer unit 12. Our initial method for
coupling 12 and 13 utilized carbonyldiimidazole and Et3N, but no coupling product was obtained. Carbodiimides
were then investigated as coupling reagents. Reaction with 1,3-diisopropylcarbodiimide and Et3N resulted in
formation of the N-acyl urea derivative of 13 as the major product in 19% yield. When DCC and Et3N were tried,
some product 14 was formed (29%), however the major product was still the N-acyl urea derivative of 13
(42%). We then examined benzotriazole based coupling reagents. Both 2-(1H-benzotriazol-1-yi)-1,1,3,3,-
tetramethyluronium hexafluorophosphate (HBTU)!! and 2-(1H-benzotriazol-1-y1)-1,1,3,3 tetramethyl uronium
tetrafluoroborate (TBTU)!2 were examined. The highest yields were obtained with TBTU/iProNEt (67%) as the
coupling agent while HBTU coupling gave only 56% of 14. Bromo-tris-pyrrolidino-phosphonium hexafluoro-
phosphate (PyBroP®)13 coupling was also examined and gave yields comparable to TBTU, but the significantly
higher cost of PyBroP® relative to TBTU made it a less desirable coupling agent.!4 Chain extension was
accomplished by repeating the same sequence of reactions. The BOC protecting group of dimer 14 was removed
and the product was coupled to another monomer unit 13 to give trimer 15.

In conclusion, we have developed an efficient synthesis of the monomeric units for a new class of peptide
nucleic acids, in addition, conditions have been worked out to prepare oligomers of these compounds. We are
currently evaluating the hybridization of these compounds with DNA as well as adapting the synthesis to solid
phase for the preparation of larger oligomers. These studies will be reported in due course.
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