10

15

20

25

WO 2021/202802 PCT/US2021/025261

129

WHAT IS CLAIMED IS:

1.

A compound represented by Formula I:
Z—R

(Formula I)

wherein, in Formula I,

R is selected from Formulae FF1-FF24; and

Z is selected from one of:

a)
b)

©)

d)

NH:z or OH,

a covalent linkage, either directly or via an optional linker, to a drug substance,
a covalent linkage, either directly or via the optional linker, to an N-terminal
amine or an epsilon amino group of one or more amino acids in a polypeptide
drug substance, and

a group represented by J-SCH2—eg , J-S(CHz2)2—o, J—NH—g, J—NH—(the
optional linker)—e@, J—S(CH2)xNH—@, or J—triazole(CH2)xNH—;
wherein —g is the covalent bond towards R;

index k is an integer in the range of 3 to 14; and

Jis an amino acid or one or more amino acids in a polypeptide drug substance,
wherein each of the one or more amino acids in the polypeptide drug substance

is represented by Formula I’:

*

(('n
LSNP
H o
(Formula I')

wherein, in Formula I,

‘j

&~

¢

substance;

and A indicate points of attachment to remaining portions of the polypeptide drug

* indicates the point of attachment to the remaining portion of Z; and

index n is an integer in the range of 1 to 8,
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wherein for Formulae FF1-FF24:
B
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N o |
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i
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o B, o | B, 2
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X N
(FF8) X
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o
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b
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Zz— 0
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WO 2021/202802

PCT/US2021/025261
131
0
0
o o)‘ \ OH
o Q N

HO o B X OH B, N

N N 7 w

X N B HN i N
L \L/H OH B,
HN-B, T

N oo HN
(FF13) (FF14) X S o

I
n HO
(FF15)
Basnw 0
X HN B 9
—{ ©OH NH 0 OH N=N “O)LOH
N ¢,N \
© i »—N N Fe_(o"' o N_o
N N
o Bisy Nen B2 BN
HO —NN)
o) 07 x i
X o
FF16) o (FF17) FF1y) )
o}
OH
B,
. N
N B PN N
.B — . 3 N* 'N -
B R x =2
B,—N \,
o
Y o HN\B
X FF19 FF20 2
y (FF19) X0 (FF20) (FF21)
B, Os_OH

HO HN! N-B1
- OH o) N X N.g
4 NN o NH BY 3
i )—N H B3—N,
(o) X N N~B
(FF22) " 2

(FF23) o) (FF24)

X represents a covalent linkage, either directly or via the optional linker, towards Z in

Formula I,
index i is an integer in the range of 1 to 20;

B1 and B: are identical or different, and each independently represent a group selected

10  from Formulae F1-F9; and

Bsrepresents a group selected from Formulae F1-F11,
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HO,
HO.__OH N N HO. __OH
B B-Q HO.g-OH, B0
R1 R1 R1 R1 H R1
Ri Ry Ri R 1 1 R4 R4
Ry R R, R,
(F1) (F2) (F3) (F4)
Rin Ny R OH
Ry R j_z/ OH j_z/
R1 R1 R1
(F5) (F6) (F7) (F8)
o
] OH
FM1
5 F10

wherein, for each of Formulae F1-F9:

one Ri represents (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---, wherein ---

represents a covalent bond to the remainder of R in Formula I;

none, one, or two Ri each independently represent F, Cl, Br, OH, CH2-NHz, NH3,

10 (C=0)-NHa, SO>CHs, CF3, NO», CH3, OCHs, O(CH2)mCH3 —(SO2)NH CH; —

(SO2)NH(CH2)mCH3, or OCF3,
index m is an integer in the range of 1 to 14;
one Riin F5 represents B(OH)z, and

all remaining R1 represent H, and

15 in Formula F10, index j is an integer in the range of 1 to 13.
2. A compound represented by Formula II:
Z—R

(Formula ll)

wherein, in Formula I, either:

20 ) R is selected from Formulae FF25-FF31;

Bi1 and B2 in FF25-FF31 are identical or different, and are each independently

selected from Formulae F12-F19; and
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Z is NHz and is not conjugated to any drug substance;

R is selected from Formulae FF25-FF31;

B1 and Bz are each independently selected from Formulae F20-F27; and

Z is selected from one of:

a)
b)

d)

OH

a covalent linkage, either directly or via an optional linker, to a drug
substance,

a covalent linkage, either directly or via the optional linker, to an N-
terminal amine or an epsilon amino group of one or more amino acids in
a polypeptide drug substance, and

a group represented by J-SCH2—e , J-S(CH2)2—o, J—NH—0, J—NH—
(the optional linker)—g, J—S(CH2)xNH—@, or J—triazole(CH2)xNH—
2,

wherein —g is the covalent bond towards R,

index k is an integer in the range of 3 to 14; and

Jis an amino acid or one or more amino acids in a polypeptide drug
substance, wherein each of the one or more amino acids in the

polypeptide drug substance is represented by Formula II’;

R is selected from Formulae FF32-FF33,

Bi1 and Bz in FF32 are each independently selected from Formulae F28-F35;

Bi1 and B2 in FF33 are each independently selected from Formulae F36-F43; and

Z is selected from one of:

a)
b)

a drug substance,
a covalent linkage, either directly or via an optional linker, to the N-
terminal amine or the epsilon amino group of an amino acid in a

polypeptide drug substance, and
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5 c) a group represented by J-SCH>—g , J-S(CH2)2—0, J—NH—¢, J—NH—
(the optional linker)—g, J—S(CH2)xNH—g, or J—triazole(CH2)xNH—
g,
wherein —g is the covalent bond towards R,
index k is an integer in the range of 3 to 14; and

10 Jis an amino acid or one or more amino acids in a polypeptide drug

substance, wherein each of the one or more amino acids in the
polypeptide drug substance is represented by Formula II’;

wherein, for Formula IT’:

(Formula ITI')

15 Jé and * indicate points of attachment to remaining portions of the polypeptide drug
substance;
* indicates the point of attachment to the remaining portion of Z; and
index n is an integer in the range of 1 to 8§;

wherein for Formulae FF25-FF33:



WO 2021/202802 PCT/US2021/025261
135
B
o) I|31 BaanH HN" H
N B aBZ
XJI\/ (‘/)'_\NH 1 ﬁ”
i IL 07 x
(FF25) 2 (FF26) FF27
X0 ( )
B
BasnH HN™
B4 H
/ _N
Y g, Bi | N-B2
H
o (b,NH HO O o uv~ ©
X
N X o
~N HO ( (FF30)
N i R
(Fr28) O 0 Y
(FF29) X
(}"“
HN X-ByB, B1—B;
(FF32) (FF33)
5 (FF31) ’ 0
X represents a covalent linkage, either directly or via the optional linker, towards Z in
Formula II; and
index i is an integer in the range of 1 to 20;
wherein, for each of Formulae F12-F19:
10
HO. . OH B-0 HO., OH _ HO., OH
R1 R1 R1 H R1
R1 R1 R1 R1 R1 R1 R1
R1 1 R1 R1
(F12) (F13) (F14) (F15)
OH Ry~ Sy, R
0. / 1 1
R B.
"\ ] ToH W -
H R1 B"OH
Ri R HO
(F16) (F17) (F18) (F19)
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5 one Ri1 from either B1 or B2 represents a covalent linkage, either directly or via an

optional linker, to a drug substance;

one R1 in each of B and Bz is (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---,
wherein --- represents a covalent bond to the remainder of R in Formula I,

none, one, or two R1 in each of B1 and Bz independently represent COOH, F, Cl, Br,

10  OH, CH2-NHz, NH3, (C=0)-NHz, SO:CH3, CF3, NO2, CHs, OCH3, O(CH2)mCH3, —(SO2)NH

CH3,—(SO2)NH(CH2)uCHj3 or OCF3;

index m is an integer in the range of 1 to 14; and

all remaining R1 represent H;

wherein, for each of Formulae F20-F25:

15
HO
HO\B,OH B-0 HO\B,OH HO\B,OH
R1 R1 R1 R1 H R1
R1 R1 R1 R1 R1 R1 R1 R1
R1 R1 R1 R1
(F20) (F21) (F22) (F23)
OH OH
(0) 4 S 4
R
R{ Ry R/ R4
(F24) (F25)
one R1 is (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---, wherein ---
represents a covalent bond to the remainder of R in Formula I,
either:
20 (a) one or two Ri on the same B1 and/or Bz represent COOH, wherein at least one

COOH is not conjugated to a drug substance, and/or
(b) one or two Ri1 each independently represent NO2, CH3, OCH3, O(CH2)mCH3, —
(SO2)NH CHj3,—(SO2)NH(CH2)mCH3s, wherein index m is an integer in the range of

1to 14, and
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none, one, or two Ri each independently represent NOz, F, Cl, Br, OH, CH2-NHz, NHz,
(C=0)-NH, SO2CHs, CHs, CFs or OCF3, and
all remaining R1 represent H;

wherein, for each of Formulae F26-F27:

R, o R, R4 s Ry
R, B-OH Ry B-OH
HO HO
(F26) (F27)

one R1 is (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---, wherein ---
represents a covalent bond to the remainder of R in Formula I,

none, one, or two R1 each independently represent COOH, F, Cl, Br, OH, CH2-NHa,
NHaz, (C=0)-NHz, SO2CH3, CF3, NO2, CHs, OCH3, O(CH2)mCH3,—(SO2)NH CHs, —
(SO2)NH(CH2)mCH3 or OCF3;

index m is an integer in the range of 1 to 14; and

all remaining R1 represent H;

wherein, for each of Formulae F28-F35:

HO,
HO.__OH . -
B B-0 HO\B,OHO HO. OHO
Ry R4 R R, H R
R1 R1 R1 R1 R1 R1 R1 R1
R1 R1 R1 R1
(F28) (F29) (F30) (F31)
OH Ri~SN\_R
(o) / 1 1
R B.
"\ oH M V
R, B-OH
Rq R HO
(F32) (F33) (F34) (F35)

one Ri in Bi represents (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---,
wherein --- represents a covalent linkage, either directly or via an optional linker, to Z in

Formula II,;
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one Ri for each of B1 and Bz 1is a covalent linkage between B1 and B2, wherein the
covalent linkage is selected from —(S=0)—, «(S(=0)(=0)-, -(CF2)-,—(C=0)—, —(CH2)m
SCH2CO(CHz2)x —, —(CH2)m S(CH2)2CO(CH2)x —, and —(CH2)m (CO)NH(CH2)x—;

either (i) two Ri1 groups in B2 are COOH and these two R1 groups are not conjugated to
a drug substance, or (ii) one or two R in either B1 and/or B each independently represent NO2,
CH=0, CH3s, OCH3, O(CH2)mCH3,—(SO2)NH CHs3, 0 r —(SO2)NH(CH2)mCH3;

none, one, or two Ri in either B1 and/or B2 each independently represent CH=0, F, Cl,
Br, OH, CH2-NHz, NH3, (C=0)-NHa, SO2CH3, CHs, CF3, CHF2, or OCFs;

the remaining R1 represent H;

index k is an integer in the range of 1 to 7; and

index m is an integer in the range of 1 to 7,

wherein, for each of Formulae F36-F43:

HO.__OH \ HO.__OH
B B-O HO.g-Ofg B0
Ry R4 R4 R, H R,
R1 R1 R1 R1 R1 R1 R1 R1
R1 R1 R1 R1
(F36) (F37) (F38) (F39)

R; R, R, B-OH
(F40) (F41) (F42) (F43)

one Ri for each of B1 and Bais a covalent linkage to a sulfoximine group such that B:
and B2 are connected together by the sulfoximine group, and wherein the amino group of the
sulfoximine is covalently linked, either directly through an acid containing linker or via an
optional linker, to Z in Formula II;

either (i) two Ri1 groups in B1 and/or B2 are COOH and these two R1 groups are not
conjugated to a drug substance, or (ii) one or two R in either B1 and/or Bz each independently
represent NO2, CH=0, CH3, OCH3, O(CH2)mCH3,—(SO2)NH CH3, or —(SO2)NH(CH2)mCH3;

none, one, or two Ri in either B1 and/or B2 each independently represent CH=0, F, Cl,

Br, OH, CH2-NHz, NH», (C=0)-NH, SO2CH3, CHs, CF3, CHF2, or OCFs;
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the remaining R1 represent H;
index k is an integer in the range of 1 to 7; and

index m is an integer in the range of 1 to 7.

3. A compound comprising a drug substance, wherein the drug substance
comprises an insulin and the insulin contains one or more modified amino acids represented by
Formula III:

Z—R
(Formula III)’

wherein, in Formula ITI,

R is selected from Formulae FF1-FF24; and

Z is selected from an optional linker, J-SCH>—o , J-S(CH2)>—@, J—NH—p, J—
NH(CO) linker—g, J—S(CH2)xNH—, and J—triazole(CH2)kNH—g,

wherein —g is the covalent bond towards R,

index k is an integer in the range of 3 to 14; and

J is described by Formula III”:

%*

{('n
Ay

H o

(Formula 1II')

wherein, in Formula I1I":

é;‘ and & indicate points of attachment to remaining portions of the insulin;
* indicates the point of attachment to the remaining portion of Z; and

index n is an integer in the range of 1 to 8;

wherein for Formulae FF1-FF24:
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X represents a covalent linkage, either directly or via the optional linker, towards Z in
Formula III;
index i is an integer in the range of 1 to 20;
B1 and B: are identical or different, and each independently represent a group selected
10  from of Formulae F1-F9; and

Bs represents a group selected from Formulae F1-F11;
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HO,
HO\B/OH B_o HO\B/OH HO\B,OH
R1 R1 R1 R1 H R1
R1 R1 R1 R1 R1 R1 R1 R1
R1 R1 R1 R1
(F1) (F2) (F3) (F4)
R |N\ R R,_O OH R._S B,OH Ry~ Ry Ry \S/ Ry
R NP R "\ J oH "™\ ] o W \;_Z/
1 1 R, B-OH R; B-OH
R1 R1 R1 R1 R1 Ho’ Hd
(F5) (F6) (F7) (F8) (F9)
o}
A
J OH
F11
5 F10

wherein, for each of Formulae F1-F9:

one Ri represents (C=0)---, S(=0)(=0)---, (CH2)m(C=0)---, or (CH2)m---, wherein ---
represents a covalent bond to the remainder of R;

none, one, or two Ri1 each independently represent F, Cl, Br, OH, CH2-NH2, NHa,

10 (C=0)-NH, SO2CH3, CF3, NOz, CHs, OCH3, O(CH2)mCH3,—(SO2)NH CH3, —

(SO2)NH(CH2)mCHs3 or OCF3;

index m is an integer in the range of 1 to 14;

one Riin F5 represents B(OH)z; and

all remaining R1 represent H, and

15 in Formula F10, index j is an integer in the range of 1 to 13.

4 The compound of any one of claims 1-3, wherein the optional linker is an L-or
D-amino acid having at least one functional group directly conjugated to R, or the optional

linker is selected from Formulae FL1-FL9:
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wherein, in Formulae FL1-FL9:
7"’ represents a covalent bond towards Z;
R’ represents a covalent bond towards R;
p is an integer in the range of 1 to 5;

10 q is an integer in the range of 1 to 5; and

ris an integer in the range of 1 to 5.
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5. The compound of any one of claims 1-3, wherein the compound is a drug
substance that is additionally modified as described by claims 1-3 and/or wherein one or more

amines are each independantly acetylated or alkylated.

6. The compound of any one of claims 1-3, wherein the drug substance is an
insulin comprising human insulin or an analog thereof, and the insulin comprises an A-chain

and a B-chain.

7. The compound of any of claims 1-2, wherein the drug substance comprises a

polypeptide drug substance or a human peptide hormone.

8. The compound of claim 6, wherein the insulin comprises one or two peptide
sequences each independently added to the A-chain and/or the B-chain of insulin, and each

peptide sequence independently comprises 1 to 20 continuous residues.

9. The compound of claim 6, wherein the insulin comprises 2 to 10 amino acids

that are each independently modified as described by Formula I, IT or III.

10. The compound of claim 6, wherein the insulin comprises one or more
modifications each independently described by Formula I, II or III, wherein each of the one or
more modifications is positioned:

(1) on the side chain of an amino acid and/or to the N-terminus of a polypeptide of up to
20 residues appended to the N- and/or C- terminus of the A-chain and/or the B-chain of insulin;
and/or

(i) within 4 residues of the B1, B21, B22, B29, A1, A22 or A3 residues in the insulin

A- or B-chain; and/or
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5 (iii) on the side chain of an amino acid and/or to the N-terminus of a polypeptide
appended or integrated into the A-chain and or the B-chain of insulin, wherein the
polypeptide comprises the sequence (X2)nX1(X2)m wherein: X1 is a lysine residue in
which the side chain of the lysine residue is modified as described by Formulae I, II, or
IIT; each Xz is independanlty selected from the group of amino acids K, P, E, G, N, M,

10 ARLWSEFEVCHD,JLY,Q,T or Xi; index m is an integer in the range of 0 to

20; and index n is an integer in the range of 0 to 18.

11. A conjugate comprising the compound according to any one of claims 1-2,
wherein the compound according to any one of claims 1-2 is conjugated, either directly or via
15  an covalent linker, to a drug substance, provided that the conjugation is not through Z when Z

is NH2 in Formula II.

12. The compound of any one of claims 1-3, wherein the compound of any one of
claims 1-3 is used as an intermediate compound for the manufacture of any compounds in

20  claims 1-11.

13. The compound of any one of claims 5-6, wherein the compound contains one or
more modifications as described by Formulae IV, V or VI,

wherein for Formula IV:

R
((n
LSNP
H o
25 (Formula IV)

¢ and & indicate points of attachment to remaining portions of the drug substance;
index n is an integer in the range of 1 to 8; and

R is selected from the group consisting of Formulae F111, F222, F333, F444, and F555:
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R R R
R Ry Ry
R4 O ! % R R OH R4 ngy\( Ry Ry R4
R4 1
Ri R Ri Ry R, R Ri Ry Ry

(F111) (F222) (F333) (F444) (F555)

wherein in Formulae F111, F222, F333, F444, and F555:

index n is an integer in the range of 1 to 8§;
each carbon atom attached to an R! independently has (R) or (S)

stereochemistry;

each R1is independently selected from —H, —OR?, —N(R*),, —SR3, —OH,
—_OCHs, —OR®, NHC(O)CHs, —CH;:R?, —C(O)NHOH, —NHC(O)CHs, —CH:0H,
—CH20R’, —NH,, —CH2R*, -OR®, —R® —R® and —R’,

each R%is independently selected from —H, acetyl, phosphate, —R? —SO2R?,
—S(0)R2, —P(0)(OR?)2, —C(O)R?, —CO2R?, and —C(O)N(R?).,

each R?is independently selected from —H, an optionally substituted C1-
aliphatic ring, an optionally substituted phenyl ring, an optionally substituted 5-6
membered monocyclic heteroaryl ring having 1-4 heteroatoms selected from nitrogen,
oxygen, and sulfur, a 4-7 membered heterocyclic ring having 1-2 heteroatoms selected
from nitrogen, oxygen, and sulfur, and an alkyl or amide covalent linkage to R in

Formula IV,

each R*is independently selected from —H, —OH, —OR?®, —N(R?*),, —OR?®
and —SR?;

each R is independently selected from a mono-saccharide, a di-saccharide, a tri-

saccharide, a pentose, and a hexose,

each R® is independently selected from —NCOCH2—, —(OCH2CH2)n—, a —
O—C1v alkylene group, and a substituted Ci-9 alkylene group in which one or more

methylene groups are optionally replaced by —O—, —(CH2)o»—, —OCHz—, —
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5 NR»)C(0)—, —N(R?)C(O)N(R?*)—, —S02—, —SO:2N(R?*)—, —N(R»)SOr—, —S—,
—N(R?*)—, —C(0)—, —OC(0)—, —C(0)O—, —C(O)N(R?)—, or —
N(R?*)SO2N(R?)—, wherein index n is an integer in a range 1 to 8,

each R is independently selected from —N(R?),, —F, —Cl, —Br, —I, —SH,
—OR? —SR? —NH>, —N3, —C=CR?, —CH2C=CH, —C=CH, —CO2:R?, —
10 C(O)R2,—0S02R* —N(R?)2, —OR?, —SR? | —CH3s,—CH2NHz, and a direct linkage
to R in Formula IV,
R?®is (i) the sidechain of one of L-serine, D-serine, L-threonine, D-threonine, L-
allothreonine, or D-allothreonine and corresponds to R in Formula IV, wherein index
n=1 in Formula IV, (ii) an amide linkage to the C-terminus of lysine, cysteine, 2,3-
15 diaminopropionic acid, or (iii)) —CH2C(CH20H)>CH:NH:, and
structures F111, F222, F333, F444, and/or F555 optionally comprise one or
more acetyl, acetylene, acetonide, and/or pinacol protecting groups;

wherein for Formula V:

(Formula V)

20 éé‘ and & indicate points of attachment to remaining portions of the drug substance;
index n is an integer in the range of 1 to 8;
R represents X-Y,
wherein X is a covalent linkage selected from the group consisting of a triazole, an

amide bond, an imine bond or a thioether bond,;

25 Y is selected from the group consisting of structures represented by Formulae F200-
F203:
OH | OH o
X1(_)&gﬂ X4 H’n’:j - N(I—)If_| X4 (")’n,;lH nX2
NH,

(F200) (Fao1) (F>po)
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X1 represents the covalent bond towards X;

Xz represents SH, OH or NHz;

index m is an integer in the range of 1 to 8; and
index n is an integer in the range of 1 to 8;

wherein for Formula VI:

(Formula V1)

‘S - . . . . . .
¢~ and & indicate points of attachment to remaining portions of the drug substance;

index n is an integer in the range of 1 to 8§;

Z is selected from the group consisting of: an amino acid, —(CHz2)p—, —
CH2(OCH2CH2)p—, —SCH2—, —S(CHz2)>—, —NH—, —NH(CO)—, —(CO)NH—, —
S(CH2)xNH—, —triazole—(CH2)x—NH—, a triazole, an amide bond, an imine bond, and a
thioether bond;

index k is an integer in the range of 3 to 5;

index p is an integer in the range of 1 to 8; and

R is selected from the group consisting of structures represented by Formulae F203-

F205:
OH OH
X3\M/EL\JH2 x3WrLMJ;L\JH2 X3WH<24,X4
9 \—OH q "'m\—oH q m
H,N
(F203) (F204) (F205)

wherein X3 represents the covalent bond towards Z;
Xa represents SH, OH or NHa
index q is an integer in the range of 1 to 8; and

index m is an integer in the range of 1 to 8.



10

15

20

25

30

WO 2021/202802 PCT/US2021/025261

149

14. A method of manufacturing the compound of any one of claims 1-13, wherein
optionally, B1 and B2 are first conjugated to one of structures represented by FF1-FF33 and the
resultant conjugate is then covalently linked to a drug substance, or optionally, structures
represented by FF1-FF33 are first conjugated to a drug substance and thereafter B1 and B: are
covalently linked to the corresponding structures in FF1-FF33.

15. A method of administering the compound of any one of claims 1-13 to a human
subject as a therapeutic or prophylactic agent.

16.  The compound of any of claims 1-13, wherein one or more amine groups are
independently acetylated or alkylated.

17. The compound of claim 6, wherein the insulin includes two, three, or four
modifications each independently described by Formulae I, 11, or IIL

18.  The compound of claims 1-3, wherein the drug substance is a human
polypeptide hormone or a peptide comprising at least 10% homology to one, two, three, or four
different human peptide hormones and which includes dual or triple agonists, hybrid synthetic
peptides based on one or more human polypeptide hormones or analogs thereof.

19. The compound of claims 1-3, in which the drug substance is insulin, and the
amino acid at residue 21 of the B-chain is a modified amino acid represented by Formulae I, II,
or IIL.

20. The compound of claims 1-3, in which the drug substance is insulin, and in
which one or more residues that are within 4 residues of residue 22 of the B-chain of insulin are
represented each independently by Formulae I, II, or III, and one or more additional residues in
a polypeptide appended to the C- and/or N-terminus of B- and/or A-chain, is independently
represented by Formulae I, II, or ITI.

21. The compound of claims 1-3, in which the drug substance is insulin, wherein the
modified amino acids either replace an amino acid at a given residue in the peptide sequence of
A- and/or the B-chain or the modified amino acids are appended to the peptide sequence of the
A- and / or the B-chain either at the ends and/or inside the peptide sequences of the A- and / or

the B-chain.
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22. The compound of claims 1-3 and 13, in which the drug substance is insulin, and
wherein the amino acid at residue 21 of the B-chain is a modified amino acid represented by
Formulae IV, V or VI, and the residue at the C-terminus of the A-chain is represented by
Formulae I, II, or III.

23. The compound of claims 1-3 and 13, in which the drug substance is insulin, in
which one or more residues that are within 4 residues of C-terminus of the A-chain, or which
are appended to the C-terminus of A-chain, are represented each independently by Formulae I,
I, or III, and one or more residues that are within 4 residues of residue 22 of the B-chain are
represented each independently by Formulae IV, V, or VL.

24.  The compound of claims 1-3 and 13, in which the drug substance is insulin, in
which one or more residues that are within 4 residues of C-terminus of the A-chain, or which
are appended to the C-terminus of A-chain, are represented each independently by Formulae
1V, V, or VI, and one or more residues that are within 4 residues of residue 22 of the B-chain
are represented each independently by Formulae I, II, or III.

25. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein two modified amino acids are introduced to the B-chain of insulin at any
position between the C-terminal cysteine of the B-chain and the C-terminus of B-chain, and
two additional modified amino acids are introduced anywhere in the A-chain of insulin
including being appended to one or both ends of the A-chain.

26.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein one or more residues that are (i) within 4 residues of residue 21 of the B-chain
and/or (i1) within 6 residues of the N- or C-terminus of the A- and/or B-chain and/or (iii) within
4 residues of residue 13 of the A-chain and/or (iv) are represented each independently by
Formulae I, IL, III, IV, V, or VI, and one or more residues that are within 4 residues of the C-
terminus of the A-chain are represented each independently by Formulae I, I, III, IV, V, or VI .

27. A modified insulin of any one of claims 1, 2, or 3, in which two or more amino
acids of B-chain in range of B1 to B29 are replaced with natural or noncanonical or artificial

amino acids.
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28. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, in which one or more amino acids of A- or B-chain are replaced with natural or non-
canonical amino acids.

29.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein the insulin is further conjugated either directly or through an optional linker to
a polypeptide including up to 31 amino acids.

30.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein the insulin conjugated at the N- or C-terminus of the A- or B-chain to a
polypeptide including up to 31 amino acids.

31.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein the insulin is conjugated at the N- or C-terminus of the A- or B-chain to a
polypeptide including up to 31 amino acids and the polypeptide is connected to the insulin
through a peptide bond.

32 The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein the insulin is further conjugated either directly or through an optional linker to
a polypeptide including up to 31 amino acids and wherein one or more pairs of the side chains
of the polypeptide are covalently linked, and in certain embodiments thereof the covalent bond
between the side chains is a bond selected from the group consisting of a triazole bond, a bond
resulting from an azide-alkyne cycloaddition, a disulfide bond, a thioester bond, an oxime
bond, an amide bond, a lactam bond, an ester bond, an olefin bond, an imine bond, an ester
bond, and a thioether bond.

33.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein at least one primary or one secondary amine group in R in Formula I is
covalently conjugated through an amide bond to a side chain of an L- and D- gamma-glutamic
acid, and the N-terminus of the glutamic acid is covalently conjugated through an amide bond
to an unsubstituted or monosubstituted diacid alkyl chain containing 3 to 16 carbons.

34. A modified insulin of claim 2, wherein for Formula FF25 the index i is 0.
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35. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein between 1-10 amino acids are appended to the polypeptide sequence of insulin
and these are appended N-terminal to residues 1 of the B-chain of insulin and wherein the
residue that is inserted at N-terminal to residues 1 is a modified amino acid described by
Formulae I, 1T or IIL

36.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein between 1-10 amino acids are appended to the C-terminus of the B-chain of
insulin and wherein the residue at position B29 of the insulin is a modified amino acid
described by Formula I.

37.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, wherein up to 6 residues are appended to the polypeptide sequence of insulin and
wherein at least two of those are modified amino acids described by Formulae I-VIL.

38. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, and the insulin is modified to have 4 or 5 intramolecular disulfide bonds.

39. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, and the insulin is linked to a polypeptide using an enzyme.

40. The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, and the insulin is linked to a non-boronated polypeptide including up to 31 amino acids
using an enzyme.

41.  The compound of any one of claims 1-3 and 13, in which the drug substance is
insulin, the insulin is linked to a polypeptide including up to 31 amino acids and the side chains
of at least two amino acids in the polypeptide sequence are covalently linked together or
through an optional linker.

42, The compound of any one of claims 1-3 and 13, wherein the drug substance is
insulin and the insulin is covalently conjugated using an amide bond to structures described by
Formulae F411-F416 or structures comprising a structure in which F411 is further covalently

conjugated using amide bonds to structures described by Formulae F412-F416,
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wherein R represents a primary or secondary amine either in the N-terminus of the
modified insulin, or, a primary or secondary amine in the side chains of a subset of amino acids
in the modified insulin, and wherein the attachment to R is the point of attachment towards the
modified insulin; index n represents an integer in the range of 1 to 14, index m represents an
10  integer in the range of 1 to 12, index o represent an integer in the range of 1 to 6, index p
represents an integer in the range of 1 to 12, Z represents one of —(C=0)-OH, -NHz, a
cholesterol, 7-OH cholesterol, 7,25-dihydroxycholesterol, cholic acid, chenodeoxycholic acid,
lithocholic acid, deoxycholic acid, glycocholic acid, glycodeoxycholic acid, glycolithocholic
acid, glycochenodeoxycholic acid, a-tocopherol, B-tocopherol, y-tocopherol, 6-tocopherol,
15  atocotrienol, B-tocotrienol, y-tocotrienol or 6-tocotrienol.
43. The compound of any one of claims 1-3 and 13, wherein the drug substance

includes one or more of structures represented by Formulae FX15-FX28:
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HoN” ~COOH H,N” ~COOH HoN" “COOH H,N” ~COOH
5 FX25 FX26 FX27 FX28
wherein,

each Riis independently selected from H, NHz, NO2, Cl, CF3, I, COCHs, CN, C=CH,
N3, or Br;
each Rais independently selected from CF3, H, or CHs;
10 each Rsis independently selected from C=CH, H, N3, or a vinyl group;
each Rais independently selected from NHz, Rz or R3;
each Rsis independently selected from S or NH; and

the index n is an integer in the range of 1 to 4.

15



