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CLAIMS
1. A compound comprising
i) human insulin or a human insulin analogue; and

ii) 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
rRT 5 " N
g W |

which represents a D- or an L-amino acid form, and

Formula M1

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-CHz-C(=0)-*,
NH-CH2CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH>CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH2CHz-C(=0)-NH-CH2CH»-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CHz)2-O-(CH3)2-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 va
PH
R
Y2 /B’OH
Formula R1a Y3 ,and Formula R1b O sand-
Y5

.R/k/ Y6
= |
NN
A OH
|F(
FormulaR1e OH

wherein Y1, Y2, Y3, and Y4,-¥5-and-¥6 is independently selected from H, F, CI, CHF», and
CF3;

3

Ra, A~ AN,

sz

Formula M2 O
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)-CH>CH,-
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

Y7 Y10
PH
R

Y8

Formula R2a Y9 , and Formula R2b O , ahd-
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Y11
Y12
/ |
] o
Formula-R2c OH .
wherein Y7, Y8, Y9, and Y10:-Y¥4+1l-and-Y¥42 is independently selected from H, F, Cl, CHF,
and CF3;_and
Y13 Y13
O
5 Formula M3 O

3

which represents a R,R or S,S, or R,S sterecisomer 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
CFs;

10
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HO_ _OH HO_ _OH

Y16 Y16

Y15 Y15
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HO_ _OH HO_ __OH

Y17 Y17
Y18 Y18
O NH H )

5o o "

o)\u/\/\)\lj/k@/\ Y
I?/OH

NH

Y18 '?/

Y17
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HO.__OH HO__OH

NH

2000t
HO/B\OH HO/B\OH

Formule VA
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
5 analogue.

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

|E‘/R1
RT™ S "
W
10 Formula M1 O ,

which represents a D- or an L-amino acid form, and wherein niis 1;
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W1 represents NH-CH>CH.-C(=O)-* 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

Y1

Y2

R1 is of Formula R1a Y3 ,
wherein Y1 and Y2 are H; and Y3 is F or CF3; and

ra A~

sz

Formula M2 O ,
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)-CH>CH>-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue; and
Y7

Y8

wherein R2 is of Formula R2a Y9 ,
wherein Y7 and Y8 are H; and Y9 is Cl, CHF», or CF3.;-
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w4 = =

~BS ~BS
Eormula M. HO™ ~OH HO™ ~OH
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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).K, wherein p is an integer
from 3to 12; or

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 t is

independently selected from an integer from 1 to 5; and

wherein said linker L is selected from

OH
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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
1 NLO\/\O/\/W\(Q/\ :
O

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
10 the B-chain of said human insulin or human insulin analogue, and

whereinuis 1, 2 or 3; and

NH2
*‘\MMONJH”A@V
o) "2

Formula L3,

15 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 v is 2 or 3.

20 4. The compound according to claim 3, wherein q 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:
25 a) the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;
b) the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin

analogue; or
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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.

7#6. The compound according to any one of claims 1 to 6 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;

A14E B1K B2P B25H desB27 desB30 human insulin;
A14E A22K B25H desB27 desB30 human insulin;
A14E A22K B25H B27P B28G desB30 human insulin;
A14E desB1-B2 B4K B5P desB30 human insulin;
A14E desB1-B2 B3G B4K B5P desB30 human insulin;
A14E 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.

8.7. A compound according to any one of claims 1 to 76, comprising
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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 q is an integer from 1 to 3; ris
3;sis2andtis 3;

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

R1
RT \ " L{
g W |

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
wherein R1 is of

Formula M1

Y1
pH
R

Y2

Formula R1a 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.
9:8. The compound according to any one of claims 1 to 8 7, wherein the compound is

10  selected from the group of:

HO

=Gl VEQCCTS | CSLYQLENYCON-oH
S

=G PGGGGSGGG GSGGGGS FVNCHL(IBSHLVEALYLVCXBERC—FFYTPN\/&OH
)

(the compound of Example 280);

15
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o} F

0 0
g
HN FF
s 5

| |
B. B, «—GIVEQCCTSICSLYQLENYCN—ox
HO" "OHHO" "OH é J

| | 0
S $ H
H—G—H PGGGGSGGGGSGGGG6GS FYNQHLCGSHLVE ALYLVCGERGFFYTPN )]—OH
o H
HO__ OHHO__ OH
B B
F NH
FY:I:\,,S: tﬁr
F o 0 o

S— 5
H—GIVEQégTSIéSLEQLENY?N—m
s

H @ s S H 9
H_GN\/ﬂPLCGSHLVEALYLVCGERGFFYTPN OH

1 1

HN F I-ml
°P %P
FF o] FF 0
B B B

B
HO” "OHHO” “OH HO” "OHHO”" "OH

{the-compound-of Example 285}~
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s— s
WG VEQéc;Ts | CSLYQLENYCN—os
s S

4O : 3 L0
H—G—N\)J—P GGGGSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN\/[LOH

= HO OHHO OH Ly ~ LM OH =
\k‘ B B "V\B,“" ~B” H/
HN FF F NH
//S\‘ F S
0 oo F L oo o)
Lheeomeound el 2mmnle 2000
3 .
=G | VEQC(I.‘.TS | CSLYQLENYCN—ox
S S

0 o
H S 3 H
+-6-N_lpcccas FunanLCesHLVE ALYLVEsERGFFYTPN, L oH

NH NH
o o
F O N F F O N
F vg” F F °g”
F F F
/B\ /B“‘ ’B B"“
HO""on Ho~ ©OH HO™ "o Ho~ ©OH

Lhecomoornse 2w mmsle 20
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S S
i |
H—G | VEQCL?TS I€sLyYQL ENYFN—OH

S S
I 1

Ho 9 S 3 Ho 9
H—G—N\/U—P GGGGS FYNQHLCGSHLVE ALYLVGGERGF FYTPN\)LOH

HN HN
o o]
HN
o]
0 (0]
N
H
HO. HO\B
B F L
S o]
F F
(the compound of Example 300);
PR
#—G | VEQCCTS | CSLYQLENYCN—o
S S

0 ‘ ‘ 0
H S S H
H—-G—N\)LP GGGGSGGG GS FYNQHLCGSHLVE ALYLVCGERGFFYTPN OH

F

(the compound of Example 301);
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| ]
H—G|VEQCJCTS|C5LYQLENY/CN—DH
S ;
e} | e}
H S 3 H
#—G—N PGGGGSGGGGSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN OH

HN HN
o rgo
F A
I
o._NH
H
: P
B N NH OH
HO o B
o o
F1F

(the compound of Example 324);

s— s
-G I VEQégTs | CI;SLEQLENY(IZN—QH

S S
@] S :

s 0]
H H
H—GNJF’ NQH LLI'}GSH LVEA LYLVéGERGF FYT PN\)LOH

(the compound of Example 327);
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S— s
h_G VEQé(I:TS | (ISSLYQLENYFN—OH
it b
|
H 2 S $ H
H_G_N\)LP GGGGSGGG GS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\)LOH

(the compound of Example 331);_.and

S— S
H—G | VEQégTs | éSLmLENYpN_OH
S s

0 0
H S 3 H
H—G—N\)LP GGGGS FYNQHLCGSHLVE ALYLVGGERGF FYTPN\)LOH

- O =
F
\ F \B_._OH
F

5  (the compound of Example 333).;-and
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S— 5
ey vEQégTs ICSLEQ LENYCN-o

S S
S S

0 0
H H
H-N\)’P’NQH LCGSHLVEA LYLV(':GERGFH?PN\)OH

HN HN
~d Q Lﬁ
T \ U'—l [
B b
HMN HN
}o QQQ
F o N F F o N F
F g7 F F g7 F
F F F F
B, B B B..
HO" gy Ho® ©OH HO" "o o' OH

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

g9
=G| VEQOCTS | CSLYQLENYON-or

S
—~GN -PGGGGSGGG GSGGGGS FVI\Q-ILCIBHLVEALYLV(XERG:FYTPN\/&OH
0
g
HO N\/E
FF
F 0
OB

(the compound of Example 280).

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

s s
| |
H—GIVEQC(ETSICSLYQLENY/CN—OH
S :
|
H S S H
H—G—N\)J—P GGGGSGGGGSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\/U—OH

(the compound of Example 324).




378

11. A compound, wherein the compound is

HO™

9
H—GIVEQCCTSI CSLYQI_ENYSIZIN—OH

> S
=G PGGGGSGGG GSGGGGS FVNCHL(IBSHLVEALYLVCXBERG:FYTPN\/E‘OH

o)

(the compound of Example 280).

12. A compound, wherein the compound is
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| |
-G IVEQCETSICSLYQLENYCN—o:
S ;
|
o § S S H
«-G-N PGGGGSGGGGSGGGGS FUNQHLCGSHLVE ALYLVCGERGFFYTPN\/U—OH

FLF HO
K NH
O‘g NjNH OH
HO o] o BO
F1F

(the compound of Example 324).

10-13. An intermediate product selected from the group consisting of

A14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);

A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E 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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+H-14. A composition comprising a compound according to any one of claims 4+-9 1 to 12.

42:15. A compound according to any one of claims +-8 1 to 12, for use as a medicament.

43-16. A compound according to any one of claims +-9 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).

+4-17. Use of a compound according to any one of claims +-9 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).



