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CLAIMS

1. A peptide nucleic acid derivative represented by Formula I, or a

pharmaceutically acceptable salt thereof:

B1 BZ Bn.1 Bn

0] 0 0] 0
X\N/\\/N\H}\N/\VNw/U\N'{/ """ \]\/Nw)kN/\‘/NW)kZ Formula |
SR SRR A

Y 5, T S, 2 Sp1 Tnt Sy, Tn

wherein,

n is an integer between 10 and 25;

the compound of Formula I possesses at least a 10-mer complementary overlap
with a 14-mer pre-mRNA sequence of [(5' — 3') UGUUUAGGUACACU] within the human
SCNI9A pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA, or partially complementary to the human SCN9A pre-mRNA with one or two
mismatches;

Si1, Sa, ..oy Siot, Si, Ty, T, ..., Thot, and T, independently represent deuterido [D],
hydrido [H], substituted or non-substituted alkyl, or substituted or non-substituted aryl
radical;

X and Y independently represent hydrido, formyl [H-C(=0)-], aminocarbonyl [NH;-
C(=0)-], aminothiocarbonyl [NH,-C(=S)-], substituted or non-substituted alkyl, substituted
or non-substituted aryl, substituted or non-substituted alkylacyl, substituted or non-
substituted arylacyl, substituted or non-substituted alkyloxycarbonyl, substituted or non-
substituted aryloxycarbonyl, substituted or non-substituted alkylaminocarbonyl, substituted
or non-substituted arylaminocarbonyl, substituted or non-substituted
alkylaminothiocarbonyl, substituted or non-substituted arylaminothiocarbonyl, substituted or
non-substituted alkyloxythiocarbonyl, substituted or non-substituted aryloxythiocarbonyl,

substituted or non-substituted alkylsulfonyl, substituted or non-substituted arylsulfonyl,
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substituted or non-substituted alkylphosphonyl radical, or substituted or non-substituted
arylphosphonyl radical;

Z represents hydrido, hydroxy, substituted or non-substituted alkyloxy, substituted
or non-substituted aryloxy, substituted or non-substituted amino, substituted or non-
substituted alkyl, or substituted or non-substituted aryl radical;

B, By, ..., By, and B, are independently selected from natural nucleobases
including adenine, thymine, guanine, cytosine and uracil, and unnatural nucleobases; and,

at least four of By, Bo, ..., By.j, and B, are independently selected from unnatural
nucleobases with a substituted or non-substituted amino radical covalently linked to the

nucleobase moiety.

2. The peptide nucleic acid derivative according to claim 1, or a pharmaceutical salt
thereof:

wherein,

n is an integer between 10 and 25;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(5' — 3') UGUUUAGGUACACU] within the
human SCN9A pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA, or partially complementary to the human SCN9A pre-mRNA with one or two
mismatches;

Si, Sa, ..oy Spet, Si, T, T, ..., Ty, and T, independently represent deuterido,
hydrido, substituted or non-substituted alkyl, or substituted or non-substituted aryl radical;

X and Y independently represent hydrido, formyl, aminocarbonyl,
aminothiocarbonyl, substituted or non-substituted alkyl, substituted or non-substituted aryl,
substituted or non-substituted alkylacyl, substituted or non-substituted arylacyl, substituted
or non-substituted alkyloxycarbonyl, substituted or non-substituted aryloxycarbony],
substituted or non-substituted alkylaminocarbonyl, substituted or non-substituted
arylaminocarbonyl, substituted or non-substituted alkylaminothiocarbonyl, substituted or
non-substituted arylaminothiocarbonyl, substituted or non-substituted alkyloxythiocarbonyl,

substituted or non-substituted aryloxythiocarbonyl, substituted or non-substituted
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alkylsulfonyl, substituted or non-substituted arylsulfonyl, substituted or non-substituted
alkylphosphonyl radical, or substituted or non-substituted arylphosphonyl radical;

Z represents hydrido, hydroxy, substituted or non-substituted alkyloxy, substituted
or non-substituted aryloxy, substituted or non-substituted amino, substituted or non-
substituted alkyl, or substituted or non-substituted aryl radical;

B, By, ..., By, and B, are independently selected from natural nucleobases
including adenine, thymine, guanine, cytosine and uracil, and unnatural nucleobases; and,

at least four of By, B, ..., B,.j, and B, are independently selected from unnatural

nucleobases represented by Formula II, Formula III, or Formula IV:

N-R, NH; 0
i ST y
J~NH N N&'\NH ANNV NG NH
| \/I\L I LZ\N,R4 ' Ls\NfRe
N" "0 R3 Rs
|
Formula Il Formula lll Formula IV
wherein,

R, Ry, R3, R4, Rsand Rg are independently selected from hydrido, and substituted or

non-substituted alkyl radical;

L;, L, and L3 are a covalent linker represented by Formula V covalently linking the

basic amino group to the nucleobase moiety:
LRGN P ~__ % FormulaV
- Q Q-1 >

wherein,

Q; and Q,, are substituted or non-substituted methylene (-CH,-) radical, and Qy, is

directly linked to the basic amino group;
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Q2, Qs, ..., and Q. ; are independently selected from substituted or non-substituted
methylene, oxygen (-O-), sulfur (-S-), and substituted or non-substituted amino radical [-
N(H)-, or —-N(substituent)-]; and,

m is an integer between 1 and 15.

3. The peptide nucleic acid derivative of claim 2, wherein Sy, Sy, ..., Sp.1, Sp, Ti, Ta,
..., Tn-1, and Ty, independently represent deuterido or hydrido radical and Z represents
hydrido, hydroxy, substituted or non-substituted alkyloxy, substituted or non-substituted

aryloxy, or substituted or non-substituted amino radical.

4. The peptide nucleic acid derivative of claim 2, wherein at least one of Sy, S, ...,
So-1, Sn, T, Ta, ..., Ty, and T, independently represents substituted or non-substituted alkyl,
or substituted or non-substituted aryl radical, and/or Z represents substituted or non-

substituted alkyl or substituted or non-substituted aryl radical.

5. The peptide nucleic acid derivative according to claim 2, or a pharmaceutical salt
thereof:

wherein,

n is an integer between 11 and 21;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(5' — 3') UGUUUAGGUACACU] within the
human SCN9A pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA, or partially complementary to the human SCN9A pre-mRNA with one or two
mismatches;

Si,S2, .oy Spit, S, Ty, T, <., Ty, and T, are hydrido radical;

X and Y independently represent hydrido, substituted or non-substituted alkyl,
substituted or non-substituted aryl, substituted or non-substituted alkylacyl, substituted or
non-substituted arylacyl, substituted or non-substituted alkyloxycarbonyl, substituted or non-
substituted aryloxycarbonyl, substituted or non-substituted alkylaminocarbonyl, substituted
or non-substituted arylaminocarbonyl, substituted or non-substituted alkylsulfonyl, or

substituted or non-substituted arylsulfonyl radical;
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Z represents substituted or non-substituted amino radical;

B, By, ..., By, and B, are independently selected from natural nucleobases
including adenine, thymine, guanine, cytosine and uracil, and unnatural nucleobases;

at least four of By, By, ..., By.1, and B, are independently selected from unnatural
nucleobases represented by Formula II, Formula III, or Formula IV;

R, Ro, R3, R4, Rsand Re are independently selected from hydrido, and substituted or
non-substituted alkyl radical;

Q; and Q,, are substituted or non-substituted methylene radical, and Q, is directly
linked to the basic amino group;

Q2, Qs, ..., and Q. ; are independently selected from substituted or non-substituted
methylene, oxygen, and amino radical; and,

m is an integer between 1 and 11.

6. The peptide nucleic acid derivative of claim 5, wherein X and Y independently
represent hydrido, substituted or non-substituted alkyl, substituted or non-substituted aryl,
substituted or non-substituted alkylacyl, substituted or non-substituted arylacyl, substituted
or non-substituted alkyloxycarbonyl, or substituted or non-substituted aryloxycarbonyl

radical.

7. The peptide nucleic acid derivative of claim 5, wherein at least one of X and Y
independently represents substituted or non-substituted alkylaminocarbonyl, substituted or
non-substituted arylaminocarbonyl, substituted or non-substituted alkylsulfonyl, or

substituted or non-substituted arylsulfonyl radical.

8. The peptide nucleic acid derivative according to claim 2, or a pharmaceutical salt
thereof:

wherein,

n is an integer between 11 and 19;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(5' — 3') UGUUUAGGUACACU] within the
human SCN9A pre-mRNA;
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the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA;

Si, Sa, .oty Spit, S, Ty, T, <., Ty, and T, are hydrido radical;

X and Y independently represent hydrido, substituted or non-substituted alkyl,
substituted or non-substituted aryl, substituted or non-substituted alkylacyl, substituted or
non-substituted arylacyl, substituted or non-substituted alkyloxycarbonyl, substituted or non-
substituted alkylaminocarbonyl, substituted or non-substituted alkylsulfonyl, or substituted
or non-substituted arylsulfonyl radical;

Z represents substituted or non-substituted amino radical;

B, By, ..., By, and B, are independently selected from natural nucleobases
including adenine, thymine, guanine, cytosine and uracil, and unnatural nucleobases;

at least four of By, B, ..., By.j, and B, are independently selected from unnatural
nucleobases represented by Formula II, Formula III, or Formula IV;

R, Ry, R3, R4, Rsand Re are independently selected from hydrido, and substituted or
non-substituted alkyl radical;

Q; and Q,, are methylene radical, and Q,, is directly linked to the basic amino group;

Q2, Qs, ..., and Q. ; are independently selected from methylene, oxygen, and amino
radical; and,

m is an integer between 1 and 9.

9. The peptide nucleic acid derivative of claim 8, wherein X and Y independently
represent hydrido, substituted or non-substituted alkylacyl, or substituted or non-substituted

alkyloxycarbonyl radical.

10. The peptide nucleic acid derivative of claim 8, wherein at least one of X and Y
independently represents substituted or non-substituted alkyl, substituted or non-substituted
aryl, substituted or non-substituted arylacyl, substituted or non-substituted
alkylaminocarbonyl, substituted or non-substituted alkylsulfonyl, or substituted or non-

substituted arylsulfonyl radical.

11. The peptide nucleic acid derivative according to claim 2, or a pharmaceutical salt

thereof:
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wherein,

n is an integer between 11 and 19;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(5' — 3') UGUUUAGGUACACU] within the
human SCNOA pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA;

Si1, Sa, ..oy Siit, S, Ty, T, <., Tty and T, are hydrido radical;

X and Y independently represent hydrido, substituted or non-substituted alkyl,
substituted or non-substituted aryl, substituted or non-substituted alkylacyl, substituted or
non-substituted arylacyl, or substituted or non-substituted alkyloxycarbonyl radical;

Z represents substituted or non-substituted amino radical;

B, By, ..., By, and B, are independently selected from natural nucleobases
including adenine, thymine, guanine, cytosine and uracil, and unnatural nucleobases;

at least four of By, B, ..., By.j, and B, are independently selected from unnatural
nucleobases represented by Formula II, Formula III, or Formula IV;

R, R3, and Rs are hydrido radical, and R, R4, and R¢ independently represent
hydrido, or substituted or non-substituted alkyl radical;

Q; and Qy, are methylene radical, and Q,, is directly linked to the basic amino group;

Q2, Qs, ..., and Q. ; are independently selected from methylene, oxygen radical;
and,

m is an integer between 1 and 8.

12. The peptide nucleic acid derivative of claim 11, wherein X and Y independently
represent hydrido, substituted or non-substituted alkylacyl, or substituted or non-substituted

alkyloxycarbonyl radical.

13. The peptide nucleic acid derivative of claim 11, wherein at least one of X and Y
independently represents substituted or non-substituted alkyl, substituted or non-substituted

aryl, or substituted or non-substituted arylacyl radical.
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14. The peptide nucleic acid derivative according to claim 2, or a pharmaceutical salt
thereof:

wherein,

n is an integer between 11 and 19;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(§' — 3') UGUUUAGGUACACU] within the
human SCNOA pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA;

Si, Sa, ..oy Siit, Si, Ty, T, <., Tty and T, are hydrido radical;

X and Y independently represent hydrido, substituted or non-substituted alkylacyl,
substituted or non-substituted arylacyl, or substituted or non-substituted alkyloxycarbonyl
radical;

Z represents substituted or non-substituted amino radical;

B, By, ..., By, and B,, are independently selected from adenine, thymine, guanine,
cytosine, and unnatural nucleobases;

at least five of By, B, ..., B,.1, and B, are independently selected from unnatural
nucleobases represented by Formula II, Formula III, or Formula IV;

Ri, Rz, R3, R4 Rs and Re are hydrido radical;

Q; and Q,, are methylene radical, and Q,, is directly linked to the basic amino group;

Q2, Qs, ..., and Q. ; are independently selected from methylene, and oxygen radical;
and,

m is an integer between 1 and 8.

15. The peptide nucleic acid derivative of claim 14, wherein X and Y independently
represent hydrido, substituted or non-substituted alkylacyl, or substituted or non-substituted

alkyloxycarbonyl radical.

16. The peptide nucleic acid derivative of claim 14, wherein at least one of X and Y

independently represents substituted or non-substituted arylacyl.
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17. The peptide nucleic acid derivative according to claim 2, or a pharmaceutical salt
thereof:

wherein,

n is an integer between 11 and 19;

the compound of Formula I possesses at least a 10-mer complementary overlap
with the 14-mer pre-mRNA sequence of [(§' — 3') UGUUUAGGUACACU] within the
human SCNOA pre-mRNA;

the compound of Formula I is fully complementary to the human SCN9A pre-
mRNA;

Si, Sa, ..oy Siit, Si, Ty, T, <., Tty and T, are hydrido radical;

X 1s hydrido radical;

Y represents substituted or non-substituted alkylacyl, substituted or non-substituted
arylacyl, or substituted or non-substituted alkyloxycarbonyl radical;

Z represents substituted or non-substituted amino radical;

B, By, ..., By, and B,, are independently selected from adenine, thymine, guanine,
cytosine, and unnatural nucleobases;

at least five of By, B, ..., B,.1, and B, are independently selected from unnatural
nucleobases represented by Formula II, Formula III, or Formula IV;

R, Ry, R3, R4 Rs and Re are hydrido radical;

L, represents -(CH»),-O-(CH,),-, -CH,-O-(CH;),-, -CH,-O-(CH,)3-, -CH,-O-
(CHy)4-, or -CH,-O-(CH,)s- with the right end is directly linked to the basic amino group;
and,

L, and Ls are independently selected from -(CH,),-, -(CHy)3-, -(CH)4-, -(CH»)s-, -
(CHy)s-, -(CHz)7-, -(CHz)s-, -(CH2)2-O-(CHa)z2-, -(CH2)3-O-(CHyz),-, and -(CH2)2-O-(CHa)s3-
with the right end is directly linked to the basic amino group.

18. The peptide nucleic acid derivative of claim 17, wherein Y represents substituted

or non-substituted alkylacyl or substituted or non-substituted alkyloxycarbonyl radical.

19. The peptide nucleic acid derivative of claim 17, wherein Y represents substituted

or non-substituted arylacyl.
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20. The peptide nucleic acid derivative according to claim 1, which is selected from

the group of peptide nucleic acid derivatives provided below, or a pharmaceutically

acceptable salt thereof:

NH,;

(N — C) Fethoc-TA(5)A-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-A(5)-NHy;
(N — C) Fethoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-NH,;

(N — C) Fmoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-NH,;

(N — C) Piv-Leu-TA(5)A-A(5)AG(302)-TG(6)T-A(5)CC(102)-TA(5)A-A(5)-NHa;
(N — C) Fethoc-TA(5)T-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-A(5)-NHy;
(N — C) Benzoyl-Gly-TA(202)A-A(5)AG(6)-TG(6)T-A(5)CT-TA(5)A-Lys-NH,;
(N — C) Fethoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NH,;

(N — C) Fethoc-AA(5)G-CG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NH;

(N — C) Benzenesulfonyl-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NH,;

(N — C) Ac-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-AC(102)C-TAA(5)-A-NHy;

(N — C) Methyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-Gly-Arg-NH,;

(N — C) Fethoc-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NH,;

(N — C) Ac-Val-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NHy;

(N — C) Fethoc-AAG(6)-TG(6)T-A(5)CC(102)-TA(5)A-A-NH,;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)-NH,.

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NH,;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)AC(102)-TA(5)T-A(5)C-NHa;

(N — C) H-AA(5)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHa;

(N — C) Fethoc-Lys-Leu-AA(5)G-TG(5)T-A(5)CC(102)-TA(202)A-A(5)C-Lys-

(N — C) [N-(2-Phenylethyl)amino]carbonyl-AA(3)G-TG(5)T-A(5)CC(105)-

TA(5)A-A(5)C-NHy;

(N — C) N,N-Phenyl-Me-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(4)C-NHy;
(N — C) Fethoc-AA(5)G-TA(5)T-A(5)CC(102)-TG(5)A-A(5)C-NHy;
(N — C) p-Toluenesulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;
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(N — C) p-Toluenesulfonyl-AA(5)G-TG(203)T-A(5)CC(102)-TA(5)A-A(5)C-Lys-

(N — C) Fethoc-AA(5)G-TG(203)T-A(5)CC(103)-TA(7)A-A(5)C-NHy;

(N — C) n-Propyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Benzyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(3)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-Leu-Lys-NH;

(N — C) Piv-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHzy;

(N — C) Fethoc-TA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)C-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Methylsulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) n-Hexyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(8)A-A(5)C-NHy;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHa;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) FAM-HEX-HEX-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-A(5)C-NHa;
(N — C) Fethoc-A(5)GT-G(5)TA(5)-CC(102)T-A(5)AA(5)-C-NH,;

(N — C) Fethoc-AG(5)T-G(7)TA-CC(102)T-AA(6)A-C-NHy;

(N — C) Fethoc-AA(6)G-TG(5)T-A(6)CC(102)-TA(6)A-A(6)C-NH,;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-C(105)AA-NH;
(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA-C(105)AA-NH;
(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA(3)-CTA-NH;

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-CA(7)A-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA(5)-C-NHy;

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA(5)-C-NHy;

(N — C) p-Toluenesulfonyl-TG(203)T-A(5)CC(102)-TA(5)A-A(3)CA-C-Lys-NHo;
(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Piv-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;
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(N — C) Benzoyl-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Propionyl-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NH;

(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-Arg-Val-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AG(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)CA-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)GG-NHy; and,

(N — C) Fethoc-AA(5)G-TG(5)T-ACC(102)-TA(5)A-A(5)CA(5)-C-NH,:

wherein,

A, G, T, and C are PNA monomers with a natural nucleobase of adenine, guanine,
thymine, and cytosine, respectively;

C(pOq), A(p), A(pOq), G(p), and G(pOq) are PNA monomers with an unnatural
nucleobase represented by Formula VI, Formula VII, Formula VIII, Formula IX, and

Formula X, respectively;
O——(CHy)q—NH;

(CH2),
NH NH, NH>
[ CH
AN N f f 2
2
| N/&O < oY /(CHz)p A /(CHZ)p
|
|
Formula VI Formula VIl Formula VIl
NH
o) o) | 2
N NH2 N NH O_(CHg)q
¢ ¢ 7 |
)\ SHay N~ Py~ (CHp
“‘7‘% o H
Formula IX Formula X
wherein,

p and q are integers; and,

the abbreviations for the N- and C-terminus substituents are specifically defined as
follows: "Fmoc-" is the abbreviation for "[(9-fluorenyl)methyloxy]carbonyl-"; "Fethoc-" for
"[2-(9-fluorenyl)ethyl-1-oxy]carbonyl"; "Ac-" for "acetyl-"; "n-Hexanoyl-" for "1-(n-

hexanoyl)-"; "Benzoyl-" for "benzenecabonyl-"; "Piv-" for "pivalyl-"; "n-Propyl-" for "1-(n-
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n,n

propyD)-"; "n-Hexyl-" for "1-(n-hexyl)-"; "H-" for "hydrido-"; "p-Toluenesulfonyl" for "(4-
methylbenzene)-1-sulfonyl-"; "Benzenesulfonyl" for "benzene-1-sulfonyl-";
"Methylsulfonyl" for "methyl-1-sulfonyl-"; "-Lys-" for amino acid residue "lysine"; "-Val-"
for amino acid residue "valine"; "-Leu-" for amino acid residue "leucine"; "-Arg-" for amino
acid residue "arginine"; "-Gly-" for amino acid residue "glycine"; "[N-(2-
Phenylethyl)amino]carbonyl-" for "[N-1-(2-phenylethyl)-amino]carbonyl-"; "Benzyl-" for
"1-(phenyl)methyl-"; "Phenyl-" for "phenyl-"; "Me-" for "methyl-"; "-HEX-" for "6-amino-
I-hexanoyl-", "FAM-" for "5, or 6-fluorescein-carbonyl-" (isomeric mixture), and "-NH," for

non-substituted "-amino" group.

21. A peptide nucleic acid derivative of any one of claims 1-20, for use in the

treatment of chronic pain.

22. A peptide nucleic acid derivative of any one of claims 1-20, for use in the

treatment of neuropathic pain.

23. A peptide nucleic acid derivative of any one of claims 1-20, for use in the

treatment of pain involving Na,1.7 activity.

24. Use of a peptide nucleic acid derivative of any one of claims 1-20 in the

manufacture of a medicament for the treatment of chronic pain.

25. Use of a peptide nucleic acid derivative of any one of claims 1-20 in the

manufacture of a medicament for the treatment of neuropathic pain.

26. Use of a peptide nucleic acid derivative of any one of claims 1-20 in the

manufacture of a medicament for the treatment of pain involving Na,1.7 activity.



