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[57] ABSTRACT 

A novel class of compounds. known as peptide nucleic 
acids. bind complementary DNA and RNA strands more 
strongly than the corresponding DNA or RNA strands. and 
exhibit increased sequence speci?city and solubility. The 
peptide nucleic acids comprise ligands selected from a group 
consisting of naturally-occurring nucleobases and non 
naturally-occurring nucleobases attached to a polyamide 
backbone. and contain alkylamine side chains. 

9 Claims, 11 Drawing Sheets 

~ 
" ) 

Mn, N 
o 

N aocrup/ H 

(9H,). 
N H 

" m 



5,786,461 
Page 2 

OTHER PUBLICATIONS 

Inaki et al.. “Functionality and Applicability of Synthetic 
Nucleic Acid Analogs”. In Current Topics in Polymer Sci 
ence. Ottenbrite. Utracki Inoue. Eds.. New York; Macmillan 
Pub. Co.. 1987. 1. 80-100. 
Inaki. Y.. “Synthetic Nucleic Analogs”. Prog. Polym. Sci. 
1992. 17. 515-570. 
Lu et al.. “Synthesis of Polyesters Containing Nucleic Acid 
Base Derivatives as Pending Side Chains”. J. Polym. Sci.. 
Part A: Polymer Chemistry. 1986. 24. 525-536. 
Matthews et al.. Analytical Bioch.. 1988. 169. 1-25. 
Nagae et al.. “Functional Monomers and Polymers. CLIV. 
Application of Nucleic Acid Base Containing Polymers to 
High Performance Liquid Chromatography”. J. Polym. Sci: 
Part A: Polymer Chemistry. 1989. 27. 2593-2609. 
Nollet et al.. “Unconventional Nucleotide Analogues-III. 
4-(Nl-PyrimidyD-2-Aminobutyric Acids”. Tetrahedron. 
1968. 25. 5989-5994. 
Nollet et al.. “Unconventional Nucleotide Analogues-I. 
NQ-Purinyl ot-Amino Acids”. Tetrahedron. 1969. 25. 
597 1-5981. 
Nollet et al.. “Unconventional Nucleotide Analogues-H. 
Synthesis of the Adenyl Analogue of Willardiine". 1969. 25. 
5983-5987. 
Nollet et al.. “Michael Addition of 4-O-Ethyluracil. A 
Method for Speci?c Nl-Alkylation of Hydroxpyrimidines". 
Tetrahedron Letters. 1969. 53. 4605-4606. 
Pitha et al.. “Inhibition of Murine Leukemia Virus Replica 
tion by Poly(vinyluracil) and Poly(vinyladenine)”. Proc. 
Natl Acad. Sci. USA. 1973. 70. 1204-1208. 
Pitha. 1.. “Physiological Activities of Synthetic Analogs of 
Polynucleotides”. Adv. Polym. Sci. 1983. 50. 1-16. 
Simon et al.. “Peptoids: A modular approach to drug dis 
covery”. Proc. Natl. Acad. Sci. USA. 1992. 89. 9367-9371. 
Takemoto et al.. “Synthetic Nucleic Acid Analogs. Prepa 
ration and Interactions". Adv. Polym. Sci. 1981. 3-51. 
Uhlmann et al.. “Antisense Oligonucleotides: ANew Thera 
peutic Principle”. Chem. Reviews. 1990. 90. 544-584. 
Weller et al.. “Molecular Modeling of Acyclic Polyamide 
Oligonucleotide Analogues”. J. Org. Chem.. 1991. 
6000-6006. 
Brady et al.. “Large-Scale Synthesis of a Qlclic Hexapep 
tide Analogue of Somatostatin”. J. Org. Chem. 1987. 52. 
764-769. 
Alrnarsson. O. et al.. “Molecular Mechanics Calculations of 
the Structures of Polyamide Nucleic Acid DNA Duplexes 
and Triple Helical Hybrids”. Pmc. Natl. Acad. Sci. USA. 
1993. 90. 75 18-7522. 
Almarsson O. et al.. Peptide Nucleic Acid (PNA) Confor 
mation and Polymorphism in PNA-DNA and PNA-RNA 
Hybrids. Proc. Natl. Acad. Sci. USA. 1993. 90. 9542-9546. 
Brown. SC. et al.. “NMR Solution Structure of a Peptide 
Nucleic Acid Complexed with RNA”. Science. 1994. 265. 
777-780. 
Chen. S. et al.. “Molecular Dynamics and NMR Studies of 
Single-Stranded PNAS". Tetrahedron Letters. 1994. 35(29). 
5105-5108. 
Demidov. V. et al.. “Stability of Peptide Nucleic Acids in 
Human Serum and Cellular Extracts”. Biochem. Pharma 
c0l.. 1994. 48(6). 1310-1313. 
Demidov. V. et al.. “Sequence Selective Double Strand DNA 
Cleavage by PNA Targeting Using Nuclease S1”. Nucleic 
Acids Res.. 1993. 21(9). 2103-2107. 

Dueholm. K.L. et al.. “An E?icient Synthetic Approach to 
Bocaminoacetaldehyde and its Application in the Synthesis 
of 2-Boc-Aminoethylglycine Methyl Ester”. Org. Prep. 
Proc. Int. 1993. 25. 457-461. 
Dueholm. K.L. et al.. “Peptide Nucleic Acid (PNA) with a 
Chiral Backbone Based on Alanine”. Bioorg. Med. Chem. 
Lett. 1994. 4(8). 1077-1080. 
Dueholm. K.L. et al.. “Synthesis of Peptide Nucleic Acids 
Monomers Containing the Four Natural Nucleobases: 
Tyymine. Cytosine. Adenine and Guanine. and Their Oli 
gornerization”. J. Org. Chem. 1994. 59(19). 5767-5773. 
Egholm. M. et al.. “Peptide Nucleic Acids (PNA). Oligo 
nucleotide Analogues with an Achiral Peptide Backbone”. J. 
Am. Chem. 800.. 1992. 114. 1895-1897. 
Egholm. M. et al.. “Recognition of Guanine and Adenine in 
DNA by Cytosine and Thymine Containing Peptide Nucleic 
Acids (PNA)”. J. Am. Chem. Soc.. 1992. 114. 9677-9678. 
Egholm. M. et al.. “Peptide Nucleic Acids Containing 
Adenine or Guanine Recognize Thymine and Cytosine in 
Complentary DNA Sequences”. J. Chem. Soc. Chem. 
Comm. 1993. 800-801. 
Flam. F.. “Can DNA Mimics Improve on the Real Thing?". 
Science. 1993. 262. 1647-1649. 
Frank-Kamenetskii. M.. “A Change of Backbone". Nature. 
1991. 354. 505. 
Gri?ith. MC. et al.. “Single and Bis Peptide Nucleic Acids 
as Triplexing Agents: Binding and Stoichiometry”. J. Am. 
Chem. 800.. 1995. 117(2). 831-832. 
Hyrup. B. et al.. “Modi?cation of the Binding A?inity of 
Peptide Nucleic Acids (PNA). PNA with Extended Back 
bones Consisting of 2-Aminoethyl-B-Alanine or 3-Arni 
nopropylglycine Units”. J. Chem. Soc. Chem. Comm. 1993. 
6. 518-519. 
Hyrup. B. et al.. “Structure-Activity Studies of the Binding 
of Modi?ed Peptide Nucleic acids (PNA) to DNA". J. Am. 
Chem. Soc.. 1994. 35(29). 5173-5176. 
Kosynkina. L. et al.. “A convenient Synthesis of Chiral 
Peptide Nucleic Acid (PNA) Monomers”. Tetrahedron Let 
ters. 1994. 35(29). 5173-5176. 
Lagrilfoul. RH. et al.. "The Synthesis. C0-0ligomerization 
and Hybridization of a Thymine-Thymine Heterodimer 
Containing PNA”. Biaorg. Med. Chem. Lett.. 1994. 4(8). 
1081-1085. 
Leijon. M. et al.. “Structural Characterization of PNA-DNA 
Duplexes by NMR Evidence for DNA in B-Like Confor 
mation”. Biochem. 1994. 33(33). 9820-9825. 
Mollegaard. NE. et al.. “Peptide Nucleic Acid-DNA Strand 
Displacement Loops as Arti?cial Transcription Promoters”. 
Proc. NatL Acad. Sci. USA. 1994. 91. 3892-3895. 
Nielsen. RB. et al.. “Peptide Nucleic Acids (PNAs): Protein 
Antisense and Anti-Gene Agents”. Anti-Cancer Drug 
Design. 1993. 8. 53-63. 
Nielsen. PE. "Peptide Nucleic Acids (PNA): Potential 
Antiviral Agents". Int’l Antiviral News. 1993. 1. 37-39. 
Nielsen. RE. et al.. “Peptide Nucleic Acids (PNA): Oligo 
nucleotide Analogs with a Polyamide Backbone". Antisense 
Research and Applications. 1993. Crooke and B. Lebleu 
(Eds.). CRC Press. Boca Raton. FL. 363-373. 
Nielsen. P.E.. “Peptide Nucleic Acid (PNA): A Model Struc 
ture for the Primordial Genetic Material?”. Orig. Life Evol. 
Biosphere. 1993. 23. 323-327. 
Nielsen. P.E.. “Peptide Nucleic Acid (PNA): A DNA Mimic 
with a Peptide Backbone”. Bioconjugate Chem. 1994. 5. 
3-7. 



5,786,461 
Page 3 

Nielsen. RE. “Sequence-Speci?c Transcription Arrest by 
peptide Nucleic Acid Bound to the NDA Template Strand”. 
Gene. 1994. 149. 139-145. 
Orurn. H. et al.. “Single Base Pair Mutation Analysis by 
PNA Directed PCR Clamping”. Nucleic Acids Research. 
1993. 21(23). 5332-5336. 
Parkanyi. C. et al.. “Synthesis of Polymethylene Chain 
-Bridged 6-Substituted 8-Azapurines and Related Com 
pounds”. Collect. Czech. Chem. Commun.. 1991. 56. 
2382-23 88. 
Peifer. N.J. et al.. “Strand-Invasion of Duplex DNA by 
Peptide Nucleic Acid Oligomers”. Proc. Natl. Acad. Sci. 
USA. 1993. 90(22). 10648-10652. 
Pitha. J. et al.. “Synthetic Analogs of Nucleic Acids”. 
Biomedical Polymers. Goldberg and Nakajima (Eds.). Aca 
demic Press. New York. 1989. 271-297. 
Rose. D.J.. “Characterization of Antisense Binding Proper 
ties of Peptide Nucleic Acids by Capillary Gel Electrophore 
sis”. Anal. Chem.. 1993. 65(24). 3545-3549. 
Shvatschkin. ‘(P et al.. “uspechi I perspektivi chimij nikle 
oamnioln'slot I nikleopeptidov". Isnechi Chimij. 1982. 2. 
311-330. 
Takemoto. K. “Recent Problems Concerning Functional 
Monomers and Polymers Containing Nucleic Acid Bases”. 
Polymeric Drugs. Donaruma and Vogl (Eds). Academic 
Press. New York. 1978. 103-129. 
Wittung. P. et al.. “DNA-Like Double Helix Formed by 
Peptide Nucleic Acid”. Nature. 1994. 368. 561-563. 
“A?inity Chromatography -A Practical Approac ”. P.D.G. 
Dean. W.S. Johnson and EA. Middle. Eds. lRL Press Ltd. 
Oxford. 1986. 
Anderson et al.. “t-Butyloxycarbonylamino Acids and Their 
Use in Peptide Synthesis”. J. Am. Chem. Soc.. 1957. 79. 
6180-6183. 
Atheiton et al.. “A Physically Supported Gel Polymer for 
Low Pressure. Continuous Flow Solid Phase Reactions. 
Application to Solid Phase Peptide Synthesis”. J. Chem. 
Soc. Chem. Commun.. 1981. 1151-1152. 
Barany and Merri?eld. ‘The Peptides". vol. 2. Academic 
Press. New York. 1979. pp 1-284. 
Barany et al.. “Solid-phase peptide synthsis: a silver anni 
versary report”. Int. J. Peptide Protein Res.. 1987. 30. 
705-739. 
Barany et al.. “A New Amino Protecting Group Removable 
by Reduction. Chemistry of the Dithiasuccinoyl (Dts) Func 
tion". J. Am. Chem. Soc.. 1977. 99. 7363-7365. 
Barton et al.. “Solid-Phase Synthesis of Selectively Pro 
tected Peptides for Use as Building Units in the Solid-Phase 
Synthesis of Large Molecules”. J. Am. Chem. Soc.. 1973. 95. 
4501-4506. 
Bayer et al.. “A New Support for Polypeptide Synthesis in 
Columns". Tetrahedron Lett. 1970. 4503-4505. 
Beaucage et al.. “Deoxynucleoside Phosphoramidites -A 
New Class of Key Intermediates for Deoxypolynucleotide 
Synthesis”. Tetrahedron Lett. 1981. 22. 1859-1862. 
Beran et al.. “Substituted (0-(4-OXO-3. 
4-Dihydro-5-Pyrimidinyl) Alkanoic Acids. Their Deriva 
tives and Analogues”. Collect. Czech. Chem. Commun.. 
1983. 48. 292-299. 
Berg et al.. “Long-Chain Polystyrene-Grafted Polyethylene 
Film Matrix: A New Support for Solid-Phase Peptide Syn 
thesis". J. Am. Chem. Soc.. 1989. 111. 8024-8026. 
Bodanzsky. “Synthesis of Peptides by Aminolysis of Nitro 
phenyl Esters”. Nature. 1955. 175. 685. 

Bodanszky et al.. “Active Esters and Resins in Peptide 
Synthesis”. Chem. Ind.. 1964. 1423-1424. 
Bodanszky. “Principles of Peptide Synthesis". Spring 
er-Verlag. Berlin-New York. 1984. 
Brady et al.. “Sorne Novel. Acid-Labile Amine Protecting 
Groups”. J. Org. Chem. 1977. 42. 143-146. 
Caruthers. “Gene Synthesis Machines: DNA Chemistry and 
Its Use”. Science. 1985. 230. 281-285. 
Carpino. “((9-F1uorenylmethyl)oxy)carbon1y (FMOC) 
Amino Acid Fluorides. Convenient New Peptide Coupling 
Reagents Applicable to the FMOC/tert-Butyl Strategy for 
Solution and Solid-Phase Synthesis”. J. Am. Chem. Soc.. 
1990. 112. 9651-9652. 
Carpino et al.. ‘The 9-Fluorenylrnethoxycarbonyl Function. 
a New Base Sensitive Amino-Protecting Group”. J. Am. 
Chem. Soc.. 1970. 92. 5748-5749. 
Carpino et al.. ‘The 9-Fluorenylmethoxycarbonyl Amino 
Protecting Group” J. Org. Chem.. 1972. 37(22). 3404-3409. 
Carpino. “Oxidative Reactions of Hydrazines. IV. Elimin 
ation of Nitrogen from 1.1-Disubstituted-2-arenesulfon 
hydrazides”. J. Am. Chem. Soc.. 1957. 79. 4427-4431. 
Daniels et al.. “Membranes as Solid Supports for Peptide 
Synthesis”. Tetrahedron Lett.. 1989. 30(33). 4345-4348. 
Dueholrn et al.. “An E?icient Synthesis of Boc-Aminoc 
etaldehyde and its Application to the Synthesis of 
N-(2-Boc-Aminoethyl)Glycine Esters". Organic Prepara 
tions and Procedures IntL. 1993. 25. 457-461. 
Egholm et al.. “Sequence-Selective Recognition of DNA by 
Strand Displacement with a 'I'hymine‘Substituted Polya 
mide". Science. 1991. 254. 1497-1500. 
Egholm et al.. “PNA hybridizes to complementary oligo 
nucleotides obeying the Watson-Crick hydrogen-bonding 
rules”. Nature. 1993. 365. 566-568. 
Elichler et al.. “Application of Cellulose Paper as Support 
Material in Simultaneous Solid Phase Peptide Synthesis”. 
Collect. Czech. Chem. Commun.. 1989. 54. 1746-1752. 
Fissekis et al.. “Synthesis of 5-Carboxymethyluridine. A 
Nucleoside from Transfer Ribonucleic Acid”. Biochemistry. 
1970. 9(16). 3136-3142. 
Fodor et al.. “Light-Directed. Spatially Addressable Parallel 
Chemical Synthsis". Science. 1991. 251. 767-773. 
Fridkin et al.. “A Snythesis of Cyclic Peptides Utilizing 
High Molecular Weight Carriers". J. Am. Chem. Soc.. 1965. 
87. 4646-4648. 
Geysen et al.. “Use of peptide synthesis to probe viral 
antigens for epitopes to a resolution of a single amino acid". 
Proc. Natl. Acad. Sci. USA. 1984. 81. 3998-4002. 
Goodman et al.. “Peptide Synthesis via Active Esters. IV. 
Racemization and Ring-Opening Reactions of Optically 
Active Oxazolones”. J. Am. Chem. Soc.. 1964. 86. 
2918-2922. 
Gorrnan. “An apparatus for Simultaneous Manual Solid 
-Phase Synthesis of Multiple Peptide Analogs”. Anal. Bio 
chem. 1984. 136. 397-406. 
Hass et al.. “Adamantyloxycarbonyl. a New Blocking 
Group. Preparation of l-Adamantyl Chloroformate". J. Am. 
Chem. Soc.. 1966. 88(9). 1988-1992. 
Hahn et al.. “Design and Synthesis of a Peptide Having 
Chymotrypsin-Like Esterase Activity”. Science. 1990. 248. 
1544-1547. 
Heimer et al.. “Synthesis of analogs and oligorners of 
N-(2-aminoethyl)glycine and their gastrointestinal absorp 
tion in the rat”. Int. J. Pept. Protein Res. 1984. 23. 203-211. 



5,786,461 
Page 4 

Holm and Meldal. “Multiple Column Peptide Synthesis”, 
Processing of the 20th European Peptide Symposium G. 
Jung and E. Bayer. Eds.. Walter de Gruyter & Co.. Berlin. 
1989. pp. 208-210. 
Houghten. “General method for the rapid solid-phase syn 
thesis of large numbers of peptides: Speci?city of anti 
gen-antibody interaction at the level of individual amino 
acids”. Proc. Natl. Acad. Sci. USA. 1985. 82. 5131-5135. 
Jones. “Hydrogenation of Protected Leucine Enkephalin 
from a Resin During Solid Phase Synthesis”. Tetrahedron 
Lett.. 1977. 33. 2853-2856. 
Kemp et al.. “New Protective Groups for Peptide Synthe 
sis-I The Bic Group Base and Solvent Lability of the 
5-Benzisoxazolylmethyleneoxycarbonylamino function”. 
Tetrahedron. 1975. 52. 4625-4628. 
Kent et al.. “Preparation and Properties of 
tert-Butyloxycarbonylaminoacyl-4-(oxymethyl) phenylac 
etamidomethyl-(Kel F-g-styrene) Resin. an Insoluble. 
Noncrosslinked Support for Solid Phase Peptide Synthesis”. 
Israel J. Chem. 1978. 17. 243-247. 
Kovacs et al.. “Glutarnic and Aspartic Anhydrides. Rear 
rangement of N-Carboxyglutamic 1.5-Anhydride to the 
Leuchs’ Anhydride and Conversion of the Latter of Pyro 
glutamic Acid”. J. Am. Chem. 800.. 1963. 85. 1839-1844. 
Konig et al.. “Racemisiernng bei Peptidsynthesen”. Chem. 
Ber. 1970. 103. 2024-2033. 
Konig et al.. “Eine neue Methode zur Synthese von Pep 
tiden: Aktivierung der Carboxylgruppe rnit Dicyclohexyl 
carbodimid und 3-Hydroxy-4-oxo-3A-dihydro-L2. 
3-benzotriazin”. Chem. Ben. 1970. 103. 2034-2040. 
Krchnak et al.. “Continuous-Flow Solid-Phase Peptide 
Synthsis”. Tetrahedron lent. 1987. 28(38). 4469-4472. 
Krchnak et al.. “Multiple continuous-?ow solid-phase pep 
tide synthesis". Int. J. Peptide Protein Res.. 1989. 33. 
209-213. 
Kupryszewsld. “O Estrach Chlorofenylowych Aminokwa 
sow. II. Synteza Peptydow Poprzez Aminolize Aktywnych 
Estrow 2.4.6-‘I‘rojchlorofenylowych N-Chronionych Arni 
nokwasow”. Rocz. Chem. 1961. 35. 595-600. 
Lebl et al.. “Simulation of Continuous Solid Phase Synthe 
sis: Synthesis of Methionine Enkephalin and its Analogs”. 
Peptide Res.. 1989. 2(4). 297-300. 
Letsinger et al.. “Synthesis of Thymidine Oligonucleotides 
by Phosphite Triester Intermediates”. J. Am. Chem. Soc.. 
1976. 98. 3655-3661. 
Li et al.. ‘The Synthesis of a Protein Possessing Growth 
-Promoting and Lactogenic Activities". J. Am. Chem. 800.. 
1970. 92(26). 7608-7609. 
McKay et al.. “New Amine-masking Groups for Peptide 
Synthesis”. J. Am. Chem. Soc.. 1957. 79. 4686-4690. 
Matsueda et al.. “A p-Mathylbenzhydrylarnine Resin for 
Improved Solid-Phase Synthesis of Peptide Amides”. Pep 
tides. 1981. 2, 45-50. 
Merri?eld. “Solid Phase Peptide Synthesis. 1]. The Synthesis 
of Bradykinin”. J. Am. Chem. Soc.. 1964. 86. 304-305. 
Merri?eld. “Synthesis of the Antibacterial Peptide Cecropin 
A(1-33)”. Biochemistry. 1982. 21. 5020-5031. 
Merri?eld. “Solid Phase Peptide Synthesis. 1. The Synthesis 
of a Tetrapeptide". J. Am. Chem. 800.. 1963. 85. 2149-2154. 
Merri?eld. “Solid Phase Synthesis”. Science. 1986. 232. 
341-347. 
Mitchell et al.. “Preparation of Aminomethyl-polystyrene 
Resin by Direct Arnidomethylation”. Tetrahedron Lett. 
1976. 42. 3795-3798. 

Mitchell et al.. “Occurrence of N-Alkylation during the 
Acidolytic Cleavage of Urethane Protecting Groups". J. 
Org. Chem. 1976. 41. 2015-2019. 
Mizutani et al.. “Oligo (dTO-glyceryl porous glass. a better 
support for the preparation of mRNA". J. Chromatogn. 
1986. 356. 202-205. 
Mutter et al.. “Rapid Procedure for Liquid-Phase Peptide 
Synthesis: The Crystallization Method”. Angew. Chem, Int. 
Ed. EngL. 1974. 13. 88. 
Nefkens et al.. “A Novel Activated Ester in Peptide Synthe 
sis". J. Am. Chem. $00.. 1961. 83. 1263. 
“Nucleic Acid Hybridization -A Practical Approac ”. B.D. 
Harnes and SJ. Higgins. lRL Press Ltd.. Oxford. 1987. 
Odian. “Principles of Polymerization". McGraw-Hill. New 
York. 1970. 
Pietta et al.. “Amide Protection and Amide Supports in 
Solid-phase Peptide Synthesis". J. Chem. Soc. 1970. 
650-651. 
Pless et al.. “Uber die Geschwindigkeit der Aminolyse von 
verschiedenen neuen. aktivierten. N-geschutzten ot-Ami 
nossaure-phenylestern. insbesondere 2.4.5-T1ichlorpheny 
lestern”. Helv. Chim. Acta.. 1963. 46(176). 1609-1625. 
Pollack et al.. “Selective Chemical Catalysis by an Anti 
body”. Science. 1986. 234. 1570-1574. 
Rich et al.. “Preparation of a New o-Nitrobenzyl Resin for 
Solid-Phase Synthesis of tert-Butyloxycarbonyl-Protected 
Peptide Acids”. J. Am. Chem. Soc.. 1975. 97. 1575-1579. 
Rivaille et al.. “Synthesis of LH-RH Using a New Phenolic 
Polymer as Solid Support and BOP Reagent for Fragment 
Coupling”. Tetrahedron. 1980. 36. 3413-3419. 
Sakakibara et al.. “A New Method for Releasing Oxytocin 
from Fully-protected Nona-peptides Using Anhydrous 
Hydrogen Fluoride”. Bull. Chem. Soc. Jpn.. 1965. 38(8). 
1412-1413. 
Sarin et al.. “Quantitative Monitoring of Solid-Phase Pep 
tide Synthesis by the Ninhydrin Reaction”. Anal. Biochem. 
1981. 117. 147-157. 
Schlatter et al.. “Hydrogenation in Solid Phase Peptide 
Synthesis. I. Removal of Product from the Resin". Tetrahe 
dron Lett.. 1977. 33. 2851-2852. 
Scott et al.. ‘The Use of Resin Coated Glass Beads in the 
Form of a Packed Bed for the Solid Phase Synthesis of 
Peptides". J. Chrom. Sci. 1971. 9. 577-591. 
Sheehan et al.. “A New Method of Forming Peptide Bonds”. 
J. Am. Chem Soc. 1955. 77. 1067-1068. 
Shemyakin et al.. “Synthesis of Peptides in Solution on a 
Polymeric Support L Synthesis of Glycylglycyl-l-Leucylg 
lycine". Tetrahedron Lett.. 1965. 2323-2327. 
Shokat et al.. “A new strategy for the generation of catalytic 
antibodies". Nature. 1989. 338. 269-271. 
Sieber. “Selektive acidolytische Spaltung von Aralkyloxy 
carbonyl-Aminoschutzgruppen". Helv. Chem. Acta.. 1968. 
51. 614-622. 
“Solid Phase Biochemistry -Analytical and Synthetic 
Aspects”. W.I-l. Scouten. Ed.. John Wiley & Sons. New 
York. 1983. 
Stewart and Young. "Solid Phase Peptide Synthesis”. 2nd 
Ed. Pierce Chemical Company. Illinois. 1984. 
Tam et al.. "Improved Synthesis of 4-(Boc-aminoacy 
loxymethyD-phenylacetic Acids for use in Solid Phase 
Peptide Synthesis”. Synthesis. 1979. 955-957. 
Tam et al.. “Multi-Detachable Resin Supports for Solid 
Phase Fragment Synthesis”. Tetrahedron Lent. 1979. 51. 
4935-4938. 



5,786,461 
Page 5 

Tam et aL. “Design and Synthesis of Multidetachable Resin 
Supports for Solid-Phase Peptide Synthesis”. J. Am. Chem. 
800.. 1980. 102. 6117-6127. 
Tam. “A Gradative Deprotection Strategy for the Solid 
-Phase Synthesis of Peptide Amides Using p-(Acyloxy 
)benzhydrylamine Resin and the 8,,2 Deprotection Method". 
J. Org. Chem.. 1985. 50. 5291-5298. 
Tarn et al.. “8N2 Deprotection of Synthetic Peptides with a 
1m Concentration of HF in Dimethy Sul?de: Evidence and 
Applucation in Peptide Synthesis”. J. Am. Chem. Soc.. 1983. 
105. 6442-6455. 
Tam et al.. “Mechanisms for the Removal of Benzyl Pro 
tecting Groups in Synthetic Peptides by Tri?uoromethane 
sulfonic Acid-Tri?uoroacetic Aeid-Dimethyl Sul?de". J. 
Am. Chem. Soc.. 1986. 108. 5242-5251. 
'I‘regear. “Graft Copolymers as Insoluble Supports in Pep 
tide Synthesis”. Chemistry and Biology of Peptides. J. 
Meienhofer. Ed. Ann Arbor Sci. PubL. Ann Arbor. 1972. pp. 
175-178. 
Tramontano et al.. “Catalytic Antibodies”. Science. 1986. 
234. 1566-1570. 

van Rietschoten. Peptides 1974. “Simultaneous Synthesis of 
Two Peptide Analogs on Different Insoluble Supports”. Y. 
Wolman. Ed. Wiley and Sons. New York. 1975. pp. 
113-116. 
Waldmann et 31.. “Allylester als selektiv abspaltbare Car 
boxyschutzgruppen in Peptide-und N-Glycopeptidsyn 
these”. Liebigs Arm. Chem. 1983. 1712-1725. 
Wieland et al.. “Symmetrical Boc-Amino Acid Anhydrides 
for Exonomical Peptide Syntheses on a Solid Phase”. 
Angew. Chem. Int. Ed. EngL. 1971. 10(5). 366. 
Yajirna et al.. "I‘ri?uoromethanesulphonic Acid. as a Depro 
tecting Reagent in Peptide Chemistry”. J. Chem. Soc. Chem. 
Comm. 1974. 107-108. 
Zervas et al.. “New Methods in Peptide Synthesis. 1. 'Ii'ityl 
sulfenyl and o-Nitrophenylsulfenyl Groups as N-Protecting 
Groups”. J. Am. Chem. Soc.. 1963. 85. 3660-3666. 
Haaima. G. et al.. “Peptide Nucleic Acids (PNAs) Contain 
ing Thymine Monomers Derived from Chiral Amino Acids: 
Hybridization and Solubility Properties of D-Lysine PNA". 
Angew. Chem. Int. Ed. EngL. 1996. 35. No. 17. pp. 
1939-1942. 



U.S. Patent Jul. 28, 1998 Sheet 1 of 11 5,786,461 



US. Patent 

“(2; 2. 

Jul. 28, 1998 Sheet 2 of 11 5,786,461 

'0 z 

c: z w 

:4 :42“ 

Fig. I/b/ 



US. Patent Jul. 28, 1998 Sheet 3 of 11 5,786,461 







US. Patent Jul. 28, 1998 Sheet 6 of 11 5,786,461 

.5 2E 52% 55;” 52 gal 



US. Patent Jul. 28, 1998 Sheet 7 of 11 5,786,461 

0 
DMF 

\__y__d 
Bee 

0 

Vko/ 
argon, REFLUX 

NH 
Boc-NHN z 

BOc-NHNNHWO \ F F 
0 UHF/Eta" 

T T 

*0 V0 0 "n0" N 

o 0 









U.S. Patent Jul. 28, 1998 Sheet 11 of 11 5,786,461 

HCV RNA/PNA IVT 

100 
-D— 13642 

‘ + 13414 

80_ + "908 
—-e=— F6639 
+ 265-19 
-—O— 8215 

2| 60 
| 
z 

8 
a2 40 

20 

0 r 

0 25 so 'is' '16o" '1zsw"1so 
nll CONCENTRAIION 

Fig. 8 



5,786,461 
1 

PEPTIDE NUCLEIC ACIDS HAVING AMINO 
ACID SIDE CHAINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a division of application Ser. No. 08/685.484. ?led 
Jul. 24. 1996. the disclosure of which is herein incorporated 
by reference which is a continuation-in-part of US. appli 
cation Ser. No. 081108.591. ?led Nov. 22. 1993. which is a 
continuation-in-part of Danish Patent Application No. 986/ 
91. ?led May 24. 1991. Danish Patent Application No. 
987/91. ?led May 24. 1991. and Danish Patent Application 
No. 510/92. ?ledApr. 15. 1992. The entire disclosure of each 
of the above-mentioned applications is incorporated herein 
by reference. 

FIELD OF THE INVENTION 

The present invention is directed to peptide nucleic acids 
(PNAs) wherein naturally-occurring nucleobases or non 
naturally-occurring nucleobases are covalently bound to a 
polyamide backbone. The PNAs of the present invention 
comprise at least one C1-C8 alkylamine side chain. The 
PNAs of the present invention have enhanced solubility. 
binding a?inity to nucleic acids and sequence speci?city as 
well as other bene?cial qualities. 

BACKGROUND OF THE INVENTION 

The function of a gene starts by transcription of its 
information to a messenger RNA (mRNA). By interacting 
with the ribosomal complex. mRNA directs synthesis of the 
protein. This protein synthesis process is known as n'ansla 
tion. Translation requires the presence of various cofactors. 
building blocks. amino acids and transfer RNAs (tRNAs). 
all of which are present in normal cells. 
Most conventional drugs exert their effect by interacting 

with and modulating one or more targeted endogenous 
proteins. e.g., enzymes. Typically. however. such drugs are 
not speci?c for targeted proteins but interact with other 
proteins as well. Thus. use of a relatively large dose of drug 
is necessary to effectively modulate the action of a particular 
protein. If the modulation of a protein activity could be 
achieved by interaction with or inactivation of mRNA. a 
dramatic reduction in the amount of drug necessary. and the 
side-e?‘ects of the drug. could be achieved. Further reduc 
tions in the amount of drug necessary and the side-e?ects 
could be obtained if such interaction is site-speci?c. Since a 
functioning gene continually produces mRNA. it would be 
even more advantageous if gene transcription could be 
arrested in its entirety. Oligonucleotides and their analogs 
have been developed and used as diagnostics. therapeutics 
and research reagents. One example of a modi?cation to 
oligonucleotides is labeling with non-isotopic labels. e.g.. 
?uorescein. biotin. digoxigenin. alkaline phosphatase. or 
other reporter molecules. Other modi?cations have been 
made to the ribose phosphate backbone to increase the 
resistance to nucleases. These modi?cations include use of 
linkages such as methyl phosphonates. phosphorothioates 
and phosphorodithioates. and 2'-O-methyl ribose sugar moi 
eties. Other oligonucleotide modi?cations include those 
made to modulate uptake and cellular distribution. Phos 
phorothioate oligonucleotides are presently being used as 
antisense agents in human clinical trials for the treatment of 
various disease states. Although some improvements in 
diagnostic and therapeutic uses have been realized with 
these oligonucleotide modi?cations. there exists an ongoing 
demand for improved oligonucleotide analogs. 
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In the art. there are several known nucleic acid analogs 

having nucleobases bound to backbones other than the 
naturally-occurring ribonucleic acids or deoxyribonucleic 
acids. These nucleic acid analogs have the ability to bind to 
nucleic acids with complementary nucleobase sequences. 
Among these. the peptide nucleic acids (PNAs). as 
described. for example. in WO 92120702. have been shown 
to be useful as therapeutic and diagnostic reagents. This may 
be due to their generally higher a?inity for complementary 
nucleobase sequence than the corresponding wild-type 
nucleic acids. 
PNAs are compounds that are analogous to 

oligonucleotides. but di?’er in composition. In PNAs. the 
deoxyribose backbone of oligonucleotide is replaced by a 
peptide backbone. Each subunit of the peptide backbone is 
attached to a naturally-occurring or non-naturally-occurring 
nucleobase. One such peptide backbone is constructed of 
repeating units of N-(2-aminoethyl)glycine linked through 
amide bonds. 
PNAs bind to both DNA and RNA and form PNA/DNA 

or PNA/RNA duplexes. The resulting PNA/DNA or PNA/ 
RNA duplexes are bound tighter than corresponding DNA/ 
DNA or DNA/RNA duplexes as evidenced by their higher 
melting temperatures (Tm). This high thermal stability of 
PNA/DNA(RNA) duplexes has been attributed to the neu 
trality of the PNA backbone. which results elimination of 
charge repulsion that is present in DNA/DNA or RNA/RN A 
duplexes. Another advantage of PNA/DNA(RNA) duplexes 
is that Tm is practically independent of salt concentration. 
DNA/DNA duplexes. on the other hand. are highly depen 
dent on the ionic strength. 

Homopyrimidine PNAs have been shown to bind comple 
mentary DNA or RNA forming (PNA)2/DNA(RNA) tri 
plexes of high thermal stability (Egholm et al.. Science, 
1991. 254. 1497; Egholrn et al.. J Am. Chem. Soc., 1992. 
114. 1895; Egholrn et al.. J Am. Chem. Soc., 1992. 114. 
9677). 

In addition to increased a?inity. PNAs have increased 
speci?city for DNA binding. Thus. a PNA/DNA duplex 
mismatch show 8° to 20° C. drop in the T,,, relative to the 
DNA/DNA duplex. This decrease in T,,, is not observed with 
the corresponding DNA/DNA duplex mismatch (Egholm et 
al.. Nature 1993. 365. 566). 
A further advantage of PNAs. compared to 

oligonucleotides. is that the polyamide backbone of PNAs is 
resistant to degradation by enzymes. 

Considerable research is being directed to the application 
of oligonucleotides and oligonucleotide analogs that bind to 
complementary DNA and RNA strands for use as 
diagnostics. research reagents and potential therapeutics. 
For many applications. the oligonucleotides and oligonucle 
otide analogs must be transported across cell membranes or 
taken up by cells to express their activity. 

PCI‘lEP/012l9 describes novel PNAs which bind to 
complementary DNA and RNA more tightly than the cor 
responding DNA. It is desirable to append groups to these 
PNAs which will modulate their activity. modify their 
membrane permiability or increase their cellular uptake 
property. One method for increasing amount of cellular 
uptake property of PNAs is to attach a lipophilic group. [1.5. 
application Ser. No. 117.363. ?led Sep. 3. 1993. describes 
several alkylamino functionalities and their use in the attach 
ment of such pendant groups to oligonucleosides. 
US. application Ser. No. 07/943516. ?led Sep. 11. 1992. 

and its corresponding published PCT application WO 
94/06815. describe other novel amine-containing com 
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pounds and their incorporation into oligonucleotides for. 
inter alia. the purposes of enhancing cellular uptake. increas 
ing lipophilicity. causing greater cellular retention and 
increasing the distribution of the compound within the cell. 
US. application Ser. No. 081116.801. ?led Sep. 3. 1993. 

describes nucleosides and oligonucleosides derivatized to 
include a thiolalkyl functionality. through which pendant 
groups are attached. 

Peptide nucleic acids may contain purine or pyrimidine 
nucleobases. However. previous PNAs having a high purine 
nucleobase content exhibit decreased solubility at physi 
ological pH. PNAs of the present invention overcome this 
problem. 

Despite recent advances. there remains a need for a stable 
compound that enhances or modulates binding to nucleic 
acids. stabilizes the hybridized complexes and increases the 
solubility. 

SUMMARY OF THE INVENTION 

The present invention provides PNAs which bind to 
complementary DNA and RNA more strongly than corre 
sponding DNA or RNA. The PNAs of the present invention 
comprise nucleobases linked to a polyarnide backbone. 
Representative nucleobases include the four major 
naturally-occurring DNA nucleobases (i.e.. thymine. 
cytosine. adenine and guanine). other naturally-occurring 
nucleobases (e.g. inosine. uracil. S-methylcytosine. thiou 
racil and 2.6-diaminopurine) and arti?cial nucleobases (e.g.. 
bromothymine. azaadenines and azaguanines). These 
nucleobases are attached to a polyarnide backbone through 
a suitable linker. 

One aspect of the present invention relates to peptide 
nucleic acids having formula (I): 

RT 

(1) 

RI: 

RT 

wherein: 
each L is. independently a naturally-occurring nucleobase 

or a non-naturally-occuning nucleobase; 
each R7‘ is independently hydrogen or C1—C8 alkylamine 

provided that at least one RT is C1—C8 alkylamine; 
R" is OH. NH2 or NHLysNI-l2; 
Ri is H. COCH3 or t-butoxycarbonyl; and 
n is an integer from 1 to about 30. 
Preferably. at least one RT is C3-C6 alkylamine. More 

preferably. at least one R7‘ is C4-C5 alkylarnine. Even more 
preferably. at least one RT is butylamine. Still even more 
preferably. substantially all of the RT groups are butylarnine. 

Preferably. the carbon atom to which substituent RT are 
attached is stereochemically enriched. Hereinafter. “stere 
ochemically enriched" means that one stereoisomer is 
present more than the other stereoisomer in a su?icient 
amount as to provide a bene?cial effect. Preferably. one 
stereoisomer is present by more than 50%. More preferably. 
one stereoisomer is present by more than 80%. Even more 
preferably. one steroisomer is present by more than 90%. 
Still more preferably. one stereoisomer is present by more 
than 95%. Even more preferably. one stereoisomer is present 
by more than 99%. Still even more preferably. one stereoi 
somer is present in substantially quantitatively. Preferably. 
the stereochemical enrichment is of R con?guration. 
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Preferably. the peptide nucleic acid (I) is derived from an 

amino acid. More preferably. the peptide nucleic acid is 
derived from D-lysine. 
The PNAs of the present invention are synthesized by 

adaptation of standard peptide synthesis procedures. either 
in solution or on a solid phase. 
The monomer subunits of the invention are amino acids or 

their activated derivatives. protected by standard protecting 
groups known in the art. Preferred monomer subunits 
according to the present invention are amino acid com 
pounds having formula (H): 

L 

RT 

wherein: 
L is a naturally-occurring nucleobase or a non-naturally 

occurn'ng nucleobase. or a protected derivative thereof; 
RT is hydrogen or Cl-C8 alkylamine; 
E is COOH or an activated or protected derivative thereof; 

and 
Z is NH2 or NHPg. wherein Pg is an amino-protecting 

group. 
Preferably. R7‘ is C3-C6 alkylamine. More preferably. R7‘ 

is C4—C5 alkylamine. Still more preferably. R” is butyl 
amine. 

Preferably. the carbon atom to which substituent R7‘ is 
attached (identi?ed by an asterisks) is stereochemically 
enriched. More preferably. the carbon atom to which the RT 
group is attached is enriched with R con?guration. 

Preferably. compound (11) is derived from an amino acid. 
More preferably. compound (11) is derived from D-lysine. 
The present invention further provides methods for 

enhancing the solubility. sequence speci?city and binding 
at?nity of peptide nucleic acids by incorporation of C PCS 
alkylamine side chains in to PNA backbones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIGS. 1(a) and 1(b) provide examples of naturally 
occurring and non-naturally-occurring nucleobases for DNA 
recognition. 

FIG. 2 shows the Acr1 ligand and a PNA. Acr1-(Taeg)10 
Lys-NHZ. 

FIG. 3 provides a general scheme for solid phase PNA 
synthesis illustrating the preparation of linear unprotected 
PNA amides. 

FIG. 4 provides a procedure for the synthesis of protected 
PNA subunits. 

FIG. 5 provides a procedure for synthesis of thymine 
monomer subunits with side chains corresponding to the 
common amino acids. 

FIG. 6 provides a procedure for synthesis of an 
aminoethyl-B-alanine analogue of thymine monomer sub 
unit. 

FIGS. 7(a). 7(b) and 7(c) are schematics showing the 
synthesis of PNA monomers containing lysine. 

FIG. 8 is a graph showing inhibition of HCV protein 
translation in an in vitro translation assay. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the PNAs of the present invention having the formula 
(I). nucleobase L is a naturally-occurring nucleobase 
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attached at the position found in nature. i.e.. position 9 for 
adenine or guanine. and position 1 for thymine or cytosine. 
a non-namrally-occun'ing nucleobase (nucleobase analog) 
or a nucleobase-binding moiety. Nucleobase L can also be a 
naturally-occurring nucleobase such as a 2.6-diaminopurine 
nucleobase. Some typical nucleobases and illustrative syn 
thetic nucleobases are shown in FIGS. 1(a) and 1(b). 

In monomer subunits according to the present invention 
having formula (H). L is a naturally-occurring nucleobase or 
a non-naturally-occurring nucleobase which may be pro 
tected with one or more protecting groups. Exemplary 
protecting groups include t-butoxycarbonyl (BOC). ?uore 
nylmethyloxycarbonyl (FMOC) or 2-nitrobenzyl (2Nb). 
Accordingly. such protecting groups may be either acid. 
base. hydrogenolytic or photolytically labile. 

Preferably RF" is independently hydrogen or C1-C8 alky 
larnine. 

Preferably. E in the monomer subunit is COOH or an 
activated derivative thereof. Activation may. for example. be 
achieved using an acid anhydride or an active ester deriva 
tive. 
The amino acids which form the polyamide backbone 

may be identical or different. We have found that those based 
on Z-aminoethylglycine are particularly useful in the present 
invention. 
The PNAs of the present invention may be linked to low 

molecular weight e?ector ligands. such as ligands having 
nuclease activity or alkylating activity or reporter ligands 
(e.g.. ?uorescent. spin labels. radioactive. protein recogni 
tion ligands. for example. biotin or haptens). PNAs may also 
be linked to peptides or proteins. where the peptides have 
signaling activity. Exemplary proteins include enzymes. 
transcription factors and antibodies. The PNAs of the 
present invention may also be attached to water-soluble 
polymer. water-insoluble polymers. oligonucleotides or car 
bohydrates. When warranted. a PNA oligomer may be 
synthesized onto a moiety (e.g.. a peptide chain. reporter. 
intercalator or other type of ligand-containing group) 
attached to a solid support. 
The PNAs of the present invention may be used for gene 

modulation (e. g.. gene targeted drugs). diagnostics. biotech 
nology and other research purposes. The PNAs may also be 
used to target RNA and single stranded DNA (ssDNA) to 
produce both antisense-type gene regulating moieties and as 
hybridization probes. e.g.. for the identi?cation and puri? 
cation of nucleic acids. Furthermore. the PNAs may be 
modi?ed in such a way that they form triple helices with 
double stranded DNA (dsDNA). Compounds that bind 
sequence-speci?cally to dsDNA have applications as gene 
targeted drugs. These compounds are extremely useful drugs 
for treating diseases such as cancer. acquired immune de? 
ciency syndrome (AIDS) and other virus infections and 
genetic disorders. Furthermore. these compounds may be 
used in research, diagnostics and for detection and isolation 
of speci?c nucleic acids. 

Gene-targeted drugs are designed with a nucleobase 
sequence (preferably containing 10-20 units) complemen 
tary to the regulatory region (the promoter) of the target 
gene. Therefore. upon administration. the gene-targeted 
drugs bind to the promoter and prevent RNA polymerase 
from accessing the promoter. Consequently. no mRNA. and 
thus no gene product (protein). is produced. If the target is 
within a vital gene for a virus. no viable virus particles will 
be produced. Alternatively. the target region could be down 
stream from the promoter. causing the RNA polymerase to 
terminate at this position. thus forming a truncated mRNA/ 
protein which is nonfunctional. 
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Sequence-speci?c recognition of ssDNA by base comple 

mentary hybridization can likewise be exploited to target 
speci?c genes and viruses. In this case. the target sequence 
is contained in the mRNA such that binding of the drug to 
the target hinders the action of ribosomes and. consequently. 
translation of the mRNA into a protein. The PNAs of the 
present invention have higher a?inity for complementary 
ssDNA than other currently available oligonucleotide ana 
logs. Also PNAs of the present invention need not possess 
a net charge and can bear substituents that enhance aqueous 
solubility. which facilitates cellular uptake. In addition. the 
PNAs of the present invention contain amides of non 
biological amino acids. which make them biostable and 
resistant to enzymatic degradation. 
The PNAs of the present invention comprising C1—C8 

alkylarnine side chains exhibit enhanced binding affinity. 
This is demonstrated by increased thermal stability of the 
complex formed between said compounds of the present 
invention and a complementary DNA strand. The PNAs of 
the present invention also exhibit enhanced solubility and 
sequence speci?city in binding to complementary nucleic 
acids. 
A synthesis of PNAs according to the present invention is 

discussed in detail below. 
Synthesis of PNA Oligomers 
The principle of anchoring molecules during a reaction 

onto a solid matrix is known as Solid Phase Synthesis or 
Merri?eld Synthesis (see Merri?eld. J. Am. Chem. Soc, 
1963. 85. 2149 and Science, 1986. 232. 341). Established 
methods for the stepwise or fragment-wise solid phase 
assembly of amino acids into peptides normally employ a 
beaded matrix of cross-linked styrene-divinylbenzene 
copolymer. The cross-linked copolymer is formed by the 
pearl polymerization of styrene monomer to which is added 
a mixture of divinylbenzenes. Usually. l—2% cross-linking 
is employed. Such a matrix may be used in solid phase PNA 
synthesis of the present invention (FIG. 3). 
More than ?fty methods for initial functionalization of the 

solid phase have been described in connection with tradi 
tional solid phase peptide synthesis (see Barany and Mer 
ri?eld in ‘The Peptides" Vol. 2. Academic Press. New York. 
1979. pp. l-284. and Stewart and Young. “Solid Phase 
Peptide Synthesis”. 2nd Ed. Pierce Chemical Company. 
Illinois. 1984). Reactions for the introduction of chlorom 
ethyl functionality (Merri?eld resin; via a chloromethyl 
methyl ether/SnCL. reaction). arninomethyl functionality 
(via an N-hydroxymethylphthalimide reaction; Mitchell et 
al.. Tetrahedron Lent, 1976. 3795) and benzhydrylamino 
functionality (Pietta et al.. J. Chem. Soc., 1970. 650) are 
most widely used. Regardless of its nature. the purpose of 
introducing a functionality on the solid phase is to form an 
anchoring linkage between the copolymer solid support and 
the C-terminus of the ?rst amino acid to be coupled to the 
solid support. As will be recognized. anchoring linkages 
may also be formed between the solid support and the amino 
acid N-terminus. The “concentration” of a functional group 
present in the solid phase is generally expressed in milli 
moles per gram (mmol/g). Other reactive functionalities 
which have been initially introduced include 
4-methylbenzhydrylamino and 4-methoxyben7hydrylamino 
groups. All of these established methods are. in principle. 
useful within the context of the present invention. 
A Preferred method for PNA synthesis employs aminom 

ethyl as the functionality. Aminomethyl is particularly 
advantageous as a “spacer” or “handle" group because it 
forms amide bonds with a carboxylic acid group in nearly 
quantitative amounts. A vast number of relevant spacer- or 
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handle-forming bifunctional reagents have been described 
(see Barany et al.. Int. J. Peptide Protein Res. 1987. 30. 
705). Representative bifunctional reagents include 
4-(haloalky1)aryl-lower alkanoic acids such as 
4-(bromomethy1)phenylacetic acid; BOC-aminoacyl-4 
(oxymethyl)aryl-lower alkanoic acids such as BOC 
aminoacyl-4-(oxymethyl)phenylacetic acid; N-BOC-p 
acylbenzhydrylamines such as N-BOC-p 
glutaroylbenzhydrylamine; N-BOC-4'-lower alkyl-p 
acylbenzhydrylamines such as N-BOC—4‘-methyl-p 
glutaroylbenzhydrylamine; N-BOC-4'-lower alkoxy-p 
acylbenzhydrylamines such as N-BOC-4’—methoxy-p 
glutaroyl-benzhydrylamine; and 
4-hydroxymethylphenoxyacetic acid One type of spacer 
group particularly relevant within the context of the present 
invention is the phenylacetamidomethyl (PAM) handle 
(Mitchell and Merri?eld. J. Org. Chem., 1976. 41. 2015) 
which. deriving from the electron withdrawing e?ect of the 
4-phenylacetamidomethyl group. is about 100 times more 
stable than a benzyl ester linkage towards the BOC-amino 
deprotection reagent tn'?uoroacetic acid (TFA). 
Certain functionalities (e.g.. benzhydrylamino. 

4-methylbenzhydrylamino and 
4-methoxybenzhydrylamino). which may be incorporated 
for the purpose of cleavage of a synthesized PNA chain from 
the solid support such that the C-terminal of the PNA chain 
is released as an amide. require no introduction of a spacer 
group. Any such functionality may advantageously be 
employed in the context of the present invention. 
An alternative strategy concerning the introduction of 

spacer or handle groups is the so-called “preformed handle” 
strategy (see Tam et al.. Synthesis, 1979. 955-957). which 
otters complete control over coupling of the ?rst amino acid 
and excludes the possibility of complications arising from 
the presence of undesired functional groups not related to 
the peptide or PNA synthesis. In this strategy. spacer or 
handle groups. of the same type as described above. are 
reacted with the first amino acid desired to be bound to the 
solid support. the amino acid being N-protected and option 
ally protected at the other side chains which are not relevant 
with respect to the growth of the desired PNA chain. Thus. 
in those cases in which a spacer or handle group is desirable. 
the ?rst amino acid to be coupled to the solid support can 
either be coupled to the free reactive end of a spacer group 
which has been bound to the initially introduced function 
ality (for example. an aminomethyl group) or can be reacted 
with the spacer-forming reagent. The space-forming reagent 
is then reacted with the initially introduced functionality. 
Other useful anchoring schemes include the “mnltidetach 
able” resins (see Tam et al.. Tetrahedron Lett, 1979. 4935 
and J. Am. Chem. Soc, 1980. 102. 611; Tam. J. Org. Chem, 
1985. 50. 5291). which provide more than one mode of 
release and thereby allow more ?exibility in synthetic 
design. 
Exemplary N-protecting groups are tert-butyloxycarbonyl 

(BOC) (Carpino. J. Am. Chem. Soc, 1957. 79. 4427; 
McKay. et al.. J. Am. Chem. Soc., 1957.79. 4686; Anderson 
et al.. J. Am. Chem. 800., 1957. 79. 6180) and the 
9-?uorenylmethyloxycarbonyl (FMOC) (Carpino et al.. J. 
Am. Chem. Soc, 1970. 92. 5748 and J. Org. Chem, 1972. 
37. 3404). Adoc (Hass et al.. J. Am. Chem. 800., 1966. 88. 
1988). Bpoc (Sieber Helv. Chem. Acta., 1968. 51. 614). Mcb 
(Brady et al.. J. Org. Chem., 1977. 42. 143). Bic (Kemp et 
al.. Tetrahedmn, 1975. 4624). o-nitrophenylsulfenyl (Nps) 
(Zervas et al.. J. Am. Chem. Soc., 1963. 85. 3660) and 
dithiasuccinoyl (Dts) (Barany et al.. J. Am. Chem. 800., 
1977. 99. 7363) as well as other groups which are known to 
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those skilled in the art. These amino-protecting groups. 
particularly those based on the widely-used urethane 
functionality. prohibit racemization (mediated by tautomer 
ization of the readily formed oxazolinone (azlactone) inter 
mediates (Goodman et al.. J. Am. Chem. Soc. 1964. 86. 
2918)) during the coupling of most (It-amino acids. 

In addition to such amino-protecting groups. 
nonurethane-type of amino-protecting groups are also appli 
cable when assembling PNA molecules. Thus. not only the 
above-mentioned amino-protecting groups (or those derived 
from any of these groups) are useful within the context of the 
present invention. but so are virtually any amino-protecting 
groups which largely ful?ll the following requirements: (1) 
stable to mild acids (not signi?cantly attacked by carboxyl 
groups); (2) stable to mild bases or nucleophiles (not sig 
ni?cantly attacked by the amino group in question); (3) 
resistant to acylation (not signi?cantly attacked by activated 
amino acids); (4) can be substantially removed without any 
serious side reaction; and (5) preserves the optical integrity. 
if any. of the incoming amino acid upon coupling. 
The choice of side chain protecting groups. in general. 

depends on the choice of the amino-protecting group. 
because the side chain protecting group must withstand the 
conditions of the repeated amino deprotection cycles. This is 
true whether the overall strategy for chemically assembling 
PNA molecules relies on. for example. different acid stabil 
ity of amino and side chain protecting groups (such as is the 
case for the above-mentioned "BOC-benzyl" approach) or 
employs an orthogonal. that is. chemoselective. protection 
scheme (such as is the case for the above-mentioned 
“FMOC-t-Bu" approach). 

Following coupling of the ?rst amino acid. the next stage 
of solid phase synthesis is the systematic elaboration of the 
desired PNA chain. This elaboration involves repeated 
deprotection/coupling cycles. A temporary protecting group. 
such as BOC or FMOC. on the last coupled amino acid is 
quantitatively removed by a suitable treatment. for example. 
by acidolysis. such as with triiluoroacetic acid in the case of 
BOC. or by base treatment. such as with piperidine in the 
case of FMOC. so as to liberate the N-terminal amine 
function. 
The next desired N-protected amino acid is then coupled 

to the N-terminal of the last coupled amino acid. This 
coupling of the C-terminal of an amino acid with the 
N-terminal of the last coupled amino acid can be achieved 
in several ways. For example. it can be achieved by pro 
viding the incoming amino acid in a form with the carboxyl 
group activated by any of several methods. including the 
initial formation of an active ester derivative such as a 
2.4.5-trichlorophenyl ester (Pless et al.. Helv. Chim. Acta, 
1963. 46. 1609). a phthalimido ester (Neikens et al.. J. Am. 
Chem. Soc, 1961. 83. 1263). a pentachlorophenyl ester 
(Kupryszewski. Rocz. Chem, 1961. 35. 595). a penta?uo 
rophenyl ester (Kovacs et al.. J. Am. Chem. Soc, 1963. 85. 
183). an o-nitrophenyl ester (Bodanzsky. Nature, 1955. 175. 
685). an imidazole ester (Li et al. J. Am. Chem 800., 1970. 
92. 7608). and a 3-hydroxy-4—oxo-3.4-dihydroquinazoline 
(Dhbt-OH) ester (Konig et al.. Chem. Ber, 1973. 103. 2024 
and 2034). or the formation of an anhydride such as 
a symmetrical anhydride (Wieland et al.. Angew. Chem, Int. 
Ed. EngL, 1971. 10. 336). Alternatively. the carboxyl group 
of the incoming amino acid can be reacted directly with the 
N-terminal of the last coupled amino acid with the assistance 
of a condensation reagent such as. for example. dicyclo 
hexylcarbodiimide (Sheehan et al.. J. Am. Chem. Soc, 1955. 
77. 1067) or derivatives thereof. Benzotriazolyl 
N-oxyuisdimethylaminophosphonium hexa?uorophosphate 












































































































