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CLAIMS

1. A compound comprising

i) human insulin or a human insulin analogue; and

i) two or more modifying groups M, wherein each of the modifying groups M comprises two

aryl moieties, wherein a boron atom is attached to each of the two aryl moieties; and

wherein each of the two or more modifying groups M is attached, optionally via a spacer, to

the amino group of the N-terminal amino acid residue of the A-chain or B-chain of said
human insulin or human insulin analogue or to the epsilon amino group of a lysine in said

human insulin or human insulin analogue; and

wherein each of the modifying groups M is independently selected from the group of

/R1
“ N
/ n H
w1l
O

Formula M1 ,

R1

which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH2-C(=0)-*,
NH-CH>CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH2CH>-C(=0)-NH-CH2CH.-C(=0)-*, or
NH-CH2CH:-C(=0)-NH-(CH2)2-O-(CH3).-O-CH.-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from
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Y1

Y2 g—OH

/
Formula Rl1la Y3 ,and Formula R1b ©

wherein Y1, Y2, Y3, and Y4 is independently selected from H, F, Cl, CHF,, and CFs3;

H
R2 N
W2

Formula M2 ©

5 wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH2CH>-
C(=0)-*, or NH-CH,CH,CH,-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from

10
Y7 Y10
0 OH 0
/
B
\
0
Y8 g—OH
/
Formula R2a Y9 , and Formula R2b ©

wherein Y7, Y8, Y9, and Y10 is independently selected from H, F, Cl, CHF,, and CF3; and
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Y14 Y13 Y13 Y14
H H
N N
(0] (0]
N
*
0]
(0]
Formula M3 ,

which represents a R,R or S,S, or R,S stereoisomer of the 3,4-diamino-pyrrolidine;
and wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein Y13 and Y14 is independently selected from H, F, Cl, CHF;, and
CF3;
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein * represents the point of attachment to said human insulin or human insulin

analogue.

2. The compound according to claim 1, wherein each of the modifying groups M is
independently selected from the group of

ZT
Iz

R1

Formula M1 ,
which represents a D- or an L-amino acid form, and wherein nis 1;
W1 represents NH-CH,CH,-C(=0)-* or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and
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Y1
Q OH
/
B
. \
0
Y2
R1is of Formula Rla Y3 ,

wherein Y1 and Y2 are H; and Y3 is F or CFs; and

R2 N

YWZ

Formula M2 © ,

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH2CH>-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

Y7
Q OH
/
B
- \
(@]
Y8
wherein R2 is of Formula R2a Y9 ,

wherein Y7 and Y8 are H; and Y9 is Cl, CHF,, or CF3.

3. The compound according to any one of claims 1-2, wherein said human insulin or human

insulin analogue optionally comprises a spacer selected from the group of

a) a peptide spacer at the C-terminal of the A-chain of said human insulin or
human insulin analogue,
wherein said peptide spacer comprises (GES)yK, wherein p is an integer

from 3to 12; or
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b) a peptide spacer or a linker L at the N-terminal of the B-chain of said human
insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S),
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S);, wherein each of g, r, sand tis

independently selected from an integer from 1 to 5; and

wherein said linker L is selected from

o} OH
/\/\i i
*
1
SN N
H H
*2

Formula L1,
wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at the N-terminal

of the B-chain of said human insulin or human insulin analogue;

(@] OH
(0]
* /\/\I o N K
N
1 \N N \/\O/\/
H H u
(0]

Formula L2,

wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at N-terminal of
the B-chain of said human insulin or human insulin analogue, and

whereinuis 1, 2 or 3; and

NH, 0
* H O\/lq\
1\N I N =N
H H N
o) 2

Formula L3,
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wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at N-terminal of
the B-chain of said human insulin or human insulin analogue, and

wherein vis 2 or 3.

4. The compound according to claim 3, wherein g is an integer selected from 1to 3;ris 3; s
is2;and tis 3.

5. The compound according to any one of claims 1 to 4, wherein each modifying group M is

attached to an attachment point selected from one of the following groups:

a)

b)

d)

the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;

the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin
analogue; or

the epsilon amino group of the lysine in said optional peptide spacer at the C-terminal
of the A-chain of said human insulin or human insulin analogue;

the amino group of the N-terminal amino acid residue of the B-chain of said human
insulin or human insulin analogue;

the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of
said human insulin analogue;

the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal
of the B-chain of said human insulin or human insulin analogue; or

the distal amino group marked with *1 in said optional linker L at the N-terminal of the
B-chain of said human insulin or human insulin analogue; and

the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of said

human insulin or human insulin analogue.

6. The compound according to any one of claims 1 to 5, wherein said human insulin or

human insulin analogue is a human insulin analogue selected from the group of

desB30 human insulin;

A21Q desB30 human insulin;

A14E B25H desB30 human insulin;

Al14E B1K B2P B25H desB27 desB30 human insulin;
Al14E A22K B25H desB27 desB30 human insulin;
Al14E A22K B25H B27P B28G desB30 human insulin;
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Al14E desB1-B2 B4K B5P desB30 human insulin;
Al14E desB1-B2 B3G B4K B5P desB30 human insulin;
Al14E B-1G B1K B2P desB30 human insulin;

A22K desB30 human insulin;

A22K B29R desB30 human insulin;

A22K B22K B29R desB30 human insulin; and

A-2K A-1P desB30 human insulin.

7. A compound according to any one of claims 1 to 6, comprising

i) human insulin or a human insulin analogue, wherein said human insulin or human insulin
analogue optionally comprises a peptide spacer at the N-terminal of the B-chain of said
human insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S);,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S), wherein g is an integer from 1 to 3; r is
3;sis2andtis 3;

i) two modifying groups M, wherein each of the modifying groups M is independently
selected from the group of
R1

H

N
/ n

w1
o

Formula M1 ,

Iz

R1

which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents
NH-CH,CH,-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CH»-C(=0)-*, wherein *
represents the point of attachment to said human insulin or human insulin analogue; and
wherein R1 is of

Y1
Q OH
| /
= B\
| o)
NS
Y2
Formula Rla Y3 ,

wherein Y1 and Y2 is H, and Y3 is CF3; and
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wherein one modifying group M is attached to the epsilon amino group of a lysine in position
29 of the B-chain of said human insulin or human insulin analogue; and one modifying group
M is attached to
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain
5 of said human insulin analogue; or
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal of the B-

chain of said human insulin or human insulin analogue.

8. The compound according to any one of claims 1 to 7, wherein the compound is selected
10  from the group of:

H—G-H PGGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN\/U—OH

o ﬁ 1

HN\/U\ /\/K

/
FF HN

S s

H—G | VEQ(IIC‘)TS | CSLYQLENYCN—on
$ $
$ S

(the compound of Example 280);

15
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s s
H—GIVEQé?TSIéSLYQLENYFN—w

7 S

0 0
H S $ H
H—G—N\/U—P GG GG S FVNQHLCGSHLVE ALYLVCGERGFFYTPN\)LOH

HN HN
S o}
HN
o)
0 o]
N
H
HO
HO\B ‘?
0 F ©
F
5
(the compound of Example 300);
%
#—G|VEQCCTS | CSLYQLENYCN—on
S s

H o é é H 2
H—G—NJ—P GGGGSGGG GS FYNQHLCGSHLVE ALYLVCGERGFFYTPN OH

F

10  (the compound of Example 301);
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| |
H—GIVEQC(J}'TSICSLYQLENYFNfoH
S ?
o I o)
H S 3 H
#—=G—N PGGGGSGGGGSGGGG6GS FVNQHLCGSHLVE ALYLVCGERGFFYTPN OH

(the compound of Example 324);

sS— s
-G VEQéqu | c':SLEQLENYtI:N_ou
S S
H o S s H 0
| ]
H—GN\)PNQH LCGSHLVEALYLVCGERGFFYT PN\)LOH

(the compound of Example 327);
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S— s
v G VEQ&(I:TS | éSLYQLENYFN—OH

g i
|
HoS S S T
H-—G—N\)LP GGGGSGGG GS FVYNQHLCGSHLVE ALYLVCGERGFFYTPN OH

5

HN

0 rgo
F N
F HoJ\-"‘
o}

NH

H
N

(the compound of Example 331); and

S— g
CY VEQégTs | CSLYQLENYCN—ox
S s
Ho S $ g 4 O
H—G—N\)LP GGGGS FVNQHLCGSHLVE ALYLVCGERGF FYTPN\)J—DH

- O =
F
\ F \B““O'H ‘/r

(the compound of Example 333).
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s s
H—G | VEQ(IZ(lZTS | CSLYQLENYCN—on

9. The compound according to any one of claims 1 to 8, wherein the compound is
$ $

H—G-N PGGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN\/U~OH

o ﬁ q

"o HN:VU\ /\/K

(the compound of Example 280).

10. The compound according to any one of claims 1 to 8, wherein the compound is

| |
“~GIVEQCCTS I CSLYQLENYCN-—
S ;
i
H S S o9
~~G—N PGGGGSGGGGSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\)J—OH
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(the compound of Example 324).

11. A compound, wherein the compound is

BP RF
HO~
F
HO_ o
07 NH | F
. N .

0 /L i F
HNJ\/\N °
H

S s
H—G | VEQégTs | CSLYQLENYEN—on
$ $
S S
H—G-N
H o

PGGGGSGGG GSGGGGS FVNQHL(IZGSHLVE ALYLVCGERGFFYTPN

b0
\/LLOH
F :

‘OH
(the compound of Example 280).

12. A compound, wherein the compound is
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S S
| |
=G | VEQC(J}'TS I CSLYQLENY}CNfDP

S S
o} | '

H S $ H
f—G—N\)J—P GGGGSGGGGSGGGGS FUNQHLCGSHLVE ALYLV(IJGERGFFYTPN\/U—DH

(the compound of Example 324).

13. An intermediate product selected from the group consisting of

Al14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);

Al14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
Al4E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20);

A21Q (GES)3K desB30 human insulin (SEQ ID NO:8 and SEQ ID NO:11);

A21Q (GES)6K desB30 human insulin (SEQ ID NO:9 and SEQ ID NO:11);

A21Q (GES)12K desB30 human insulin (SEQ ID NO:10 and SEQ ID NO:11);
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22);

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:23);
B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24);
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25);

B1-GKPG desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:26);
B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID
NO:27); and

B1-TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ
ID NO:28).
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14. A composition comprising a compound according to any one of claims 1 to 12.

15. A compound according to any one of claims 1 to 12, for use as a medicament.

16. A compound according to any one of claims 1 to 12, for use in the prevention or
treatment of diabetes, diabetes of Type 1, diabetes of Type 2, impaired glucose tolerance,
hyperglycemia, and metabolic syndrome (metabolic syndrome X, insulin resistance

syndrome).

17. Use of a compound according to any one of claims 1 to 12 in the manufacture of a
medicament for the treatment or prevention of diabetes, diabetes of Type 1, diabetes of Type
2, impaired glucose tolerance, hyperglycemia, and metabolic syndrome (metabolic syndrome

X, insulin resistance syndrome).



