
risk. As a result, hypoglycemia remains a key medical risk with huge burden on patients and 

causes significant morbidity and mortality. 

BRIEF SUMMARY 

5 The present disclosure provides compounds comprising to two insulin molecules 

covalently linked to form an insulin molecule dirtier that may activate the insulin receptor with 

regular insulin-like potency but with reduced maximum activity. These compounds are insulin 

receptor partial agonists (IPRAs): they behave like other insulin analogs to lower glucose 

effectively but with lower risk of hypoglycemia. 

10 Provided are insulin receptor partial agonist covalent insulin dimers formulated as 

novel and transformative basal insulins (once daily administration) that manifest an improved 

therapeutic index (TI) over current standard of care (SOC) basal insulins. In one embodiment, 

the IPRAs of the present disclosure may lower glucose effectively with reduced risk of 

hypoglycemia in diabetic minipig and has the property of a once daily (QD) basal insulin. The 

15 improved TI may empower practitioners to more aggressively dose IRPAs of the present 

disclosure to achieve target goals for control of fasting glucose. Tight control of fasting glucose 

and HbAl c by an IRPA may allow it to serve as 1) a stand-alone long-acting insulin with an 

enhanced efficacy and safety profile in T2DM and 2) an improved foundational basal insulin in 

T1DM (and some T2DM) for use with additional prandial rapid-acting insulin analogs (RAA) 

20 doses. Thus, the present invention provides the following embodiments. 

The present disclosure provides an insulin receptor partial agonist or insulin dimer 

comprising a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

25 interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

are covalently linked together through a linking moiety j oining the side chain of an amino acid at 

or near the carboxy termkuis of the two respective B-chain polypeptides; and wherein at least 

one amino terminus of the A-chain polypeptides and the B-chain polypeptides is covalently 

linked to a substituent, with the proviso that the linking moiety does not include a disulfide bond, 

30 In one aspect, there is provided an insulin receptor partial agonist comprising: a first insulin or 

insulin analog heterodimer and a second insulin or insulin analog heterodimer, 
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each heterodimer including an A-chain polypeptide and a B-chain polypeptide, wherein the A-

chain polypeptide and the B-chain polypeptide are linked together through interchain disulfide 

bonds; wherein the first and second insulin or insulin analog heterodimers are covalently linked 

together through a linking moiety joining the side chain of an amino acid at or near the carboxy 

5 terminus of the two respective B-chain polypeptides; and wherein the amino terminus of at least 

one of the A-chain polypeptides and the B-chain polypeptides is covalently linked to a 

substituent, with the proviso that the linking moiety does not include a disulfide bond. In 

particular embodiments, at least the amino terminus of the A-chain polypeptide and the B-chain 

polypeptide of the first insulin or insulin analog are covalently linked to a substituent. 
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In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

the amino terminus of each A-chain polypeptide and each B-chain polypeptide is covalently 

linked to a substituent In particular embodiments, the amino terminus of the A-chain 

polypeptide and the B-chain polypeptide of the first insulin or insulin analog and the amino 

5 terminus of the A-chain polypeptide and B-chain polypeptide of the second insulin or insulin 

analog are each covalently linked to a substituent In embodiments in which the amino termini 

of the first and second insulin or insulin analogs are covalently linked to a substituent, the 

substituent on the amino termini of the A-chain and B-chain polypeptides of the first insulin or 

insulin analog may be the same as the substituent on the amino termini of the A-chain and B-

10 chain polypeptides of the second insulin or insulin analog. In embodiments in which the amino 

termini of the first and second insulin or insulin analogs are covalently linked to a substituent, 

the substituent on the amino termini of the A-chain and B-chain polypeptides of the first insulin 

or insulin analog may be different from the substituent on the amino termini of the A-chain and 

B-chain polypeptides of the second insulin or insulin analog. 

15 In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the first and second insulin or insulin analog heterodimers are the same or wherein the first and 

second insulin or insulin analog heterodimers are different. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the linking moiety covalently links the first insulin or insulin analog heterodimer and the 

20 second insulin or insulin analog heterodimer via the epsilon amino group of a lysine residue at or 

near the carboxy terminus of their respective B-chain polypeptides. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the substituent has a general formula RC(O)-, where R can be R'CH2, R'NH, R'O, and 

R' can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular 

25 embodiments RC(O)- may be acetyl, phenylacetyl, carbamoyl, iV-alkyl carbamoyl, or 

alkoxycarbonyL In particular embodiments, the substituent is selected from the group consisting 

of acetyl, phenylacetyl, carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, 

aminoethyl glucose (AEG), AEG-C6, PEG1, PEG2, //-dimethyl, and alkoxycarbonyL 

In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

30 each A-chain polypeptide independently comprises the amino acid sequence 

GX2X3EQCCX8SICSLYQLXi7NX19CX23 (SEQ ID NO:3) and each B-chain polypeptide 
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independently comprises the amino acid sequence 

X25LCGX29X30LVEALYLVCGERGFX27YTX31X32 (SEQ ID NO:4) 01* 

X22VNQX25X26CGX29X30LVEALYLVCGERGFX27YTX31X32X33X34X35 (SEQ ID 

NO:5) wherein X2 is iso'leucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or 

5 histidine; Xj7 is glutamic acid or glutamine; X] p is tyrosine, 4-methoxy-phenylalanine, alanine, 

or 4-amino phenylalanine; X23 is asparagine or glycine; X22 is or phenylalanine and desamino-

phenylalanine; X25 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or 

asparti'c acid; X29 is alanine, glycine, or serine; X30 is histidine, aspartic acid, glutamic acid, 

homocysteic acid, or cysteic acid; X3] is aspartic acid, proline, or lysine; X32 is lysine or 

10 proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or 

absent; with the proviso at least one of X31 or X32 is lysine. 

In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

the First and second insulins or insulin analogs are independently native human insulin, insulin 

lispro, insulin aspart, desB30 insulin, or insulin glargine. 

15 In particular embodiments of the insulin receptor partial agonists or insulin 

dinners, the linking moiety may be an optionally substituted group selected from the group 

consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking 

moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted 

C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and 

20 independently replaced by -0-, -S-, -N(R)-, -C(O)-, C(0)0-, 0C(0)-> -N(R)C(0)-, -C(0)N(R>, 

-S(O)-, -S(0)2~, -N(R)S02-, S02N(R)-, a heterocyclic group, an aryl group, or a heteroaryl 

group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an 

acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

moiety. 

25 In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the linking moiety is an acyl moiety, -C(0)RC(0)-? where R is alkyl chain, poly(ethylene 

glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain. 
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In a further embodiment, the linking moiety is an alkyldioyl, -C(0)(CH2)nC(0K 

wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a succinyl (C4) moiety, an 

adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (CIO) moiety, a dodecanedioyl 

(C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl (C16) moiety. 

5 The present disclosure further provides an insulin receptor partial agonist or 

insulin dimer comprising the formula 

D^L-D2 

wherein and D2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

10 polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a 

linking moiety wherein one end of the linker moiety is attached to an amino acid residue at or 

near the carboxyl group of D1 and the other end of the linker moiety is attached to an amino acid 

residue at or near the carboxyl end of D2 with the proviso that L does not include a disulfide 

linkage; and wherein the first and second insulin or insulin analog polypeptides include a 

15 substituent attached to the amino terminus of the A-chain polypeptide and the B-chain 

polypeptide. 
Tn a further embodiment of the insulin receptor partial agonist or insulin dimer, 

D' and D2 are the same or wherein and D2 are different. 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

20 the linking moiety covalently links D1 and D2 via the epsilon amino group of a lysine residue at 

or near the carboxy terminus of I)' and D2. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the substituent has a general formula RC(O)-, where R can be R'CH2, R'NH, R'O, and 

R' can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular 

25 embodiments RC(O)- may be acetyl, phenylacetyl, carbamoyl, iV-alkyl carbamoyl, or 

alkoxycarbonyL In particular embodiments, the substituent is selected from the group consisting 

of acetyl, phenylacetyl, carbamoyl, A -alkyl carbamoy l, isobutyl, methoxy acetyl, glycine, 

aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, Ar-dimcthyl, and alkoxycarbonyL 

In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

30 each A-chain polypeptide independently comprises the amino acid sequence 
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GX2X3EQCCX8SICSLYQLX17NX19CX23 (SEQ ID N0:3) and each B-chain polypeptide 

independently comprises the amino acid sequence 

X25LCGX29X30LVEALYLVCGERGFX27YTX31X32 (SEQ ID NO:4) or 

X22VNQX25X26CGX29X30LVEALYLVCGERGFX27YTX31X32X33X34X35 (SEQ ID 

5 NO:5) wherein X2 is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or 

histidine; X]7 is glutamic acid or glutamine; X19 is tyrosine, 4-methoxy-phenylalanine, alanine, 

or 4-amino phenylalanine; X23 is asparagine or glycine; X22 is or phenylalanine and desamino-

phenylalanine; X25 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or 

aspartic acid; X29 is alanine, glycine, or serine; X30 is histidine, aspartic acid, glutamic acid, 

10 homocysteic acid, or cysteic acid; X31 is aspartic acid, proline, or lysine; X32 is lysine or 

proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or 

absent; with the proviso at least one of X31 or X32 is lysine. 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

wherein D^ and D2 are independently native human insulin, insulin lispro, insulin aspart, desB30 

15 insulin, or insulin glargine. 

In particular embodiments of the insulin receptor partial agonists or insulin 

dimers, the linking moiety may be an optionally substituted group selected from the group 

consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking 

moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted 

20 C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and 

independently replaced by -0-, -S-, -N(R)-, -C(O)-, C(0)0-; OC(O)-, -N(R)C(0)-, -C(0)N(R)-, 

-S(O)-, -S(0)2", -N(R)S02", S02N(R)-, a heterocyclic group, an aryl group, or a heteroaryl 

group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an 

acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

25 moiety. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the linking moiety is an acyl moiety, -C(0)RC(0)-, where R is alkyl chain, poly(ethylene 

glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain. . 

30 
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In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the linking moiety is an alkyldioyl, -C(0)(CH2)nC(0)~, wherein n = 0-45,, including but not 

limited to an oxalyl (C2) moiety, a succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol 

(C8) moiety, a decanedioyl (CIO) moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl 

5 (CI4) moiety, or a hexadecanedioyl (CI6) moiety. 

Further provided are compositions comprising any one of the aforementioned 

insulin receptor partial agonists or insulin dimer and a pharmaceutical acceptable carrier. 

The present disclosure further provides an insulin receptor partial agonist or 

insulin dimer comprising a first insulin or insulin analog heterodimer and a second insulin or 

10 insulin analog heterodimer each heterodimer including an A-chain polypeptide and a B-chain 

polypeptide, wherein the A-chain polypeptide and the B-chain polypeptide are linked together 

through interchain disulfide bonds; wherein the first and second insulin or insulin analog 

heterodimers are covalently linked together through a linking moiety joining the side chain of an 

amino acid at or near the carboxy terminus of the two respective B-chain polypeptides; and 

15 optionally wherein the amino terminus of at least one of the A-chain polypeptides and the B-

chain polypeptides of the first insulin polypeptide or second insulin polypeptide is covalently 

linked to a substituent, with the proviso that (!) the linking moiety does not include a disulfide 

bond and (2) when the insulin or insulin analog is not a human insulin or insulin analog and the 

amino terminus of the A-chain polypeptide and the B-chain polypeptide do not include a 

20 substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a 

dodecanedioyl (CI2) moiety. 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the first and second insulin or insulin analog heterodimers are the same or wherein the first and 

second insulin or insulin analog heterodimers are different. 

25 In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the linking moiety covalently links the first insulin or insulin analog heterodimer and the second 

insulin or insulin analog heterodimer via the epsilon amino group of a lysine residue at or near 

the carboxy terminus of their respective B-chain polypeptides. 
In a further still embodiment of the insulin receptor partial agonist or insulin 

30 dimer, the substituent has a general formula RC(0)-? where R can be R'CH2, R'NH, R'O, and 

R' can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular 

embodiments RC(O)-
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may be acetyl, phenylacetyl , carbamoyl, JV-alkyl carbamoyl, or alkoxycarbonyL In particular 

embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl, 

carbamoyl, TV-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, aminoethylglucose (AEG), 

AEG-C6, PEG1, PEG2, //-dimethyl, and alkoxycarbonyL 

5 In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the first and second insulins or insulin analogs are independently native human insulin, insulin 

lispro, insulin aspart, desB30 insulin, or insulin glargine. 

In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

each A-chain polypeptide independently comprises the amino acid sequence 

10 GX2X3EQCCX8SICSLYQLXi7NX19CX23 (SEQ IDNO:3) and each B-chain polypeptide 

independently comprises the amino acid sequence 

X25LCGX29X30LVEALYLVCGERGFX27YTX31X32 (SEQ ID NO:4) or 

X22VNQX25X26CGX29X3OLVEALYLVCGERGFX27YTX31X32X33X34X35 (SEQ ID 

NO:5) wherein X2 is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or 

15 histidine; X17 is glutamic acid or glutamine; Xj 9 is tyrosine, 4-methoxy-phenylalanine, alanine, 

or 4-amino phenylalanine; X23 is asparagine or glycine; X22 is or phenylalanine and desamino-

phenylalanine; X25 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or 

aspartic acid; X29 is alanine, glycine, or serine; X30 is histidine, aspartic acid, glutamic acid, 

homocysteic acid, or cysteic acid; X3j is aspartic acid, proline, or lysine; X32 is lysine or 

20 proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or 

absent; with the proviso at least one of X31 or X32 is lysine. 

In particular embodiments of the insulin receptor partial agonists or insulin 

dimers, the linking moiety may be an optionally substituted group selected from the group 

consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking 

25 moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted 

C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and 

independently replaced by -0-, -S-, -N(R)~, -C(O)-, C(0)0-, 0C(0>, -N(R)C(0)-, -C(0)N(R)-, 

-S(0)-t -S(0)2-, -N(R)S02-, SC>2N(R)-. a heterocyclic group, an aryl group, or a heteroaryl 

group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an 

30 acyl 
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moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

moiety. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the linking moiety is an acyl moiety, -C(0)RC(0)-; where R is alkyl chain, poly(ethylene 

5 glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain. 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the linking moiety is a C2-C20 acyl moiety. 

In particular embodiments, the linking moiety is an alkyldioyl, -

10 C(0)(CH2)nC(0)-? wherein n = 0-45, including but not limited to an oxalyl (C2)-moiety-, a 

succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (CIO) 

moiety, a dodecanedioyl (CI 2) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl 

(CI6) moiety. 

Further provided are compositions comprising any one of the aforementioned 

15 insulin receptor partial agonists or insulin dimers and a pharmaceutically acceptable carrier. 

The present embodiment further provides an insulin receptor partial agonist or 

insulin dimer comprising the formula 

Di-L-D2 

wherein and D2 are each independently an insulin or insulin analog 

20 polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a 

linking moiety wherein one end of the linker moiety is attached to an amino acid residue at or 

near the carboxyl group of and the other end of the linker moiety is attached to an amino acid 

residue at or near the carboxyl end of D2 with the proviso that L does not include a disulfide 

25 linkage; and optionally, wherein at least one of or D2 includes a substituent attached to the 

amino terminus of the A-chain polypeptide or the B-chain polypeptide of D* or D^; with the 

proviso that (1) the linking moiety does not include a disulfide bond and (2) when the amino 

terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent 

then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioyl 

30 (C12) moiety. 
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In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

D* and D2 are the same or wherein D* and D2 are different. 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the linking moiety covalently links D^ and D2 via the epsilon amino group of a lysine residue at 

5 or near the carboxy terminus of and D2. 

In a farther still embodiment of the insulin receptor partial agonist or insulin 

dimer, the substituent has a general formula RC(G)-, where R can be R'CH2, R'NH, R'O, and 

R' can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular 

embodiments RC(O)- may be acetyl, phenylacetyl ? carbamoyl, 7V-alkyl carbamoyl, or 

10 alkoxycarbonyL In particular embodiments, the substituent is selected from the group consisting 

of acetyl, phenylacetyl, carbamoyl, N-alkyl carbamoyl, isobutyf, methoxy acetyl, glycine, 

aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, A^-dimethyl, and alkoxycarbonyL 

In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

Dl and D2 are independently native human insulin, insulin lispro, insulin aspart, desB30 insulin, 

15 or insulin glargine. 

In particular embodiments of the insulin receptor partial agonist or insulin dimer, 

each A-chain polypeptide independently comprises the amino acid sequence 

GX2X3EQCCX8SICSLYQLX17NX19CX23 (SEQ IDNO:3) and each B-chain polypeptide 

independently comprises the amino acid sequence 

20 X25LCGX29X30LVEALYLVCGERGFX27YTX31X32 (SEQ ID NO:4) or 

X22VNQX25X26CGX29X30LVEALYLVCGERGFX27YTX3 ̂ 32X33X34X35 (SEQ ID 

NO:5) wherein X2 is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or 

histidine; X[7 is glutamic acid or glutamine; X\g is tyrosine, 4-methoxy-phenylalanine, alanine, 

or 4-amino phenylalanine; X23 is asparagine or glycine; X22 is or phenylalanine and desamino-

25 phenylalanine; X25 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or 

aspartic acid; X29 is alanine, glycine, or serine; X30 is histidine, aspartic acid, glutamic acid, 

homocysteic acid> or cysteic acid; X31 is aspartic acid, proline, or lysine; X32 is lysine or 

proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or 

absent; with the proviso at least one of X3 \ or X32 is lysine. 

30 
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In particular embodiments of the insulin receptor partial agonists or insulin 

dimers, the linking moiety may be an optionally substituted group selected from the group 

consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking 

moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted 

5 C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and 

independently replaced by -O-, -S-, -N(R)~? -C(0)-3 C(0)0-, OC(O)-, -N(R)C(0)-, -C(0)N(R)-, 

-S(O)-, -S(0)2-, -N(R)S02-> S02N(R)-J a heterocyclic group, an aryl group, or a heteroaryl 

group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an 

acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

10 moiety. 

In a further still embodiment of the insulin receptor partial agonist or insulin 

dimer, the linking moiety is an acyl moiety, -C(0)RC(0)-, where R is alkyl chain, poly(ethylene 

glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain. 

15 In a further embodiment of the insulin receptor partial agonist or insulin dimer, 

the linking moiety is a G2-C20 acyl moiety. 

In particular embodiments, the linking moiety is an alkyldioyl, -

C(0)(CH2)nC(0)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a 

succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (CIO) 

20 moiety, a dodecanedioyl (CI2) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl 

(CI 6) moiety. 

The present disclosure further provides an insulin analog dimer comprising: 

a first insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

25 wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; wherein the insulin 

analog is selected from insulin iispro, insulin aspart, and insulin glargine; and optionally wherein 

30 the amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of 

the first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent, 

with the proviso that the linking moiety does not include a disulfide bond. 
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In a further embodiment of the insulin receptor partial agonist, the first and 

second insulin or insulin analog heterodimers are the same or wherein the first and second 

insulin or insulin analog heterodimers are different. 

In a further embodiment of the insulin receptor partial agonist, the linking moiety 

5 covalently links the first insulin or insulin analog heterodimer and the second insulin or insulin 

analog heterodimer via the epsilon amino group of a lysine residue at or near the carboxy 

terminus of their respective B-chain polypeptides. 

In a further still embodiment of the insulin receptor partial agonist, the substituent 

has a general formula RC(O)-, where R can be R'CH2, R'NH, R'O, and R' can be H, linear alkyl 

10 chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be 

acetyl, phenylacetyl, carbamoyl, jV-alkyl carbamoyl, or alkoxycarbonyl. In particular 

embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl, 

carbamoyl, TV-alky 1 carbamoyl, isobutyl, methoxy acetyl, glycine, ammoethylglucose (AEG), 

AEG-C6, PEG1, PEG2,//-dimethyl, and alkoxycarbonyl. 

15 In a further embodiment of the insulin receptor partial agonist, at least one of the 

first and second insulin or insulin analog is further conjugated to polyethylene glycol, a sugar 

moiety, or a heterocycle. 

In particular embodiments of the insulin receptor partial agonists, the linking 

moiety may be an optionally substituted group selected from the group consisting of acyl, 

20 aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking moiety may be a 

bivalent, straight or branched, saturated or unsaturated, optionally substituted C1-C20 

hydrocarbon chain wherein one or more methylene units are optionally and independently 

replaced by -0-, -S-, -N(R>, -C(O)-, C(0)0-, OC(O)-, -N(R)C(0)-, -C(0)N(R)-, -S(0>, -

S(0)2-, -N(R)SC>2-> 3C>2N(R)-, a heterocyclic group, an aryl group, or a heteroaryl group, 

25 wherein each occurrence of R is independently hydrogen, a suitable protecting group, an acyl 

moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

moiety. 

In a further still embodiment of the insulin receptor partial agonist, the linking 

moiety is an acyl moiety, -C(0)RC(0)-, where R is alkyl chain, poly(ethylene glycol) (PEG) 

30 chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a 

substituted acyl chain, or a polyethylene glycol (PEG) chain. 
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In a further embodiment of the insulin receptor partial agonist, the linking moiety 

is a C2-C20 acyl moiety. 

In particular embodiments , the linking moiety is an alkyldioyl, -

C(0)(CH2)nC(0)-, wherein n - 0-45, including but not limited to an oxalyl (C2) moiety, a 

5 succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, adecanedioyl (CIO) 

moiety, a dodecanedioyl (CI2) moiety, atetradecanedioyl (C14) moiety, or a hexadecanedioyl 

(CI6) moiety, 

The present disclosure further provides an insulin analog dimer comprising the 

formula 

10 D^L-D2 

wherein and 1)2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a 

linking moiety wherein one end of the linker moiety is attached to an amino acid residue at or 

15 near the carboxyl group of D1 and the other end of the linker moiety is attached to an amino acid 

residue at or near the carboxyl end of with the proviso that L does not include a disulfide 

linkage; wherein the insulin analog is selected from insulin lispro, insulin aspart, and insulin 

glargine; and optionally, wherein at least one of or includes a substituent attached to the 

amino terminus of the A-chain polypeptide or the B-chain polypeptide of D1 or D^jwith the 

20 proviso that the linking moiety does not include a disulfide bond. 

In a further embodiment of the insulin receptor partial agonist, D* and are the 

same or wherein and are different. 

In a further embodiment of the insulin receptor partial agonist, the linking moiety 

covalently links D1 and via the epsilon amino group of a lysine residue at or near the carboxy 

25 terminus of D* and D^. 

In a further still embodiment of the insulin receptor partial agonist, the substituent 

has a general formula RC(0)-s where R can be R'CH2, R'NH, R'Q, and R' can be H, linear alkyl 

chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be 

acetyl, phenylacetyl, carbamoyl, TV-alkyl 

30 
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carbamoyl, or alkoxycarbonyl. In particular embodiments, the substituent is selected from the 

group consisting of acetyl, phenylacetyl, carbamoyl, iV-alkyl carbamoyl, isobutyl, methoxy 

acetyl, glycine, aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, TV-dimethyl, and 

alkoxycarbonyl. 

5 In particular embodiments of the insulin receptor partial agonists, the linking 

moiety may be an optionally substituted group selected from the group consisting of acyl, 

aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking moiety may be a 

bivalent, straight or branched, saturated or unsaturated, optionally substituted C1-C20 

hydrocarbon chain wherein one or more methylene units are optionally and independently 

10 replaced by -0-, -S-, -N(R)-, -C(O)-, C(0)0-, OC(O)-, -N(R)C(0)-, -C(0)N(R)-, -S(0>, -

S(0)2~, -N(R)S02"5 S02N(R)-, a heterocyclic group, an aryl group, or a heteroaryl group, 

wherein each occurrence of R is independently hydrogen, a suitable protecting group, an acyl 

moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic 

moiety. 

15 In a further still embodiment of the insulin receptor partial agonist, the linking 

moiety is an acyl moiety, -C(0)RC(0)-, where R is alkyl chain, polyfethylene glycol) (PEG) 

chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a 

substituted acyl chain, or a polyethylene glycol (PEG) chain. 

In a further embodiment of the insulin receptor partial agonist, the linking moiety 

20 is a C2-C20 acyl moiety. 

In particular embodiments, the linking moiety is an alkyldioyl, -

C(0)(CH2)nC(0)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a 

succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, adecanedioyl (CIO) 

moiety, a dodecanedioyl (C12) moiety, atetradecanedioyl (C14) moiety, or a hexadecanedioyl 

25 (CI6) moiety. 

In another aspect, there is provided an insulin receptor partial agonist comprising 

the formula 

D]-L-D2 

wherein D1 and D2 are each independently an insulin or insulin analog 

30 polypeptide, 

wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; 
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L is a.linking moiety wherein one end of the linker moiety is attached to an amino 

acid residue at or near the carboxyl group of D1 and the other end of the linker moiety is attached 

to an amino acid residue at or near the carboxyl end of D with the proviso that L does not 

include a disulfide linkage; and 

wherein the first and second insulin or insulin analog polypeptides include a 

substituent attached to the amino terminus of the A-chain polypeptide and the B-chain 

polypeptide; 

or 

an insulin receptor partial agonist comprising: 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; 

wherein the first and second insulin or insulin analog heterodimers are covalently 

linked together through a linking moiety joining the side chain of an amino acid at or near the 

carboxy terminus of the two respective B-chain polypeptides; and 

optionally wherein the amino terminus of at least one of the A-chain polypeptides 

and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is 

covalently linked to a substituent, 

with the proviso that (1) the linking moiety does not include a disulfide bond and 

(2) when the amino terminus of the A-chain polypeptide and the B-chain polypeptide do not 

include a substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) 

moiety, or a dodecanedioyl (C12) moiety; or 

an insulin receptor partial agonist comprising the formula 

D'-L-D2 

wherein D1 and D2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; 

L is a linking moiety wherein one end of the linker moiety is attached to an amino 

acid residue at or near the carboxyl group of D1 and the other end of the linker moiety is attached 
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to an amino acid residue at or near the carboxyl end of D2 with the proviso that L does not 

include a disulfide linkage; and 
I 2 optionally, wherein at least one of D or D includes a substituent attached to the 

• A _ | | amino terminus of the A-chain polypeptide or the B-chain polypeptide of D or D ; 

5 with the proviso that (1) the linking moiety does not include a disulfide bond and 

(2) when the insulin or insulin analog is not a human insulin or insulin analog and the amino 

terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent 

then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioyl 

(CI2) moiety; or 

10 an insulin analog dimer comprising: 

a first insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; 

15 wherein the first and second insulin or insulin analog heterodimers are covalently 

linked together through a linking moiety joining the side chain of an amino acid at or near the 

carboxy terminus of the two respective B~chain polypeptides; 

wherein the insulin analog is selected from insulin lispro> insulin aspart, desB30 

insulin, and insulin glargine; and 

20 optionally wherein the amino terminus of at least one of the A-chain polypeptides 

and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is 

covalently linked to a substituent, 

with the proviso that the linking moiety does not include a disulfide bond; or 

an insulin analog dimer comprising the formula 

25 Dl-L-D2 

wherein D1 and D2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; 

Lisa linking moiety wherein one end of the linker moiety is attached to an amino 

30 acid residue at or near the carboxyl group of D1 and the other end of the linker moiety is attached 
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to an amino acid residue residue at or near the carboxyl end of D with the proviso that L does 

not include a disulfide linkage; 

wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30 

insulin, and insulin glargine; and 
i ^ 

5 optionally, wherein at least one of D or D includes a substituent attached to the 
1 0 amino terminus of the A-chain polypeptide or the B-chain polypeptide of D or D ; 

with the proviso that the linking moiety does not include a disulfide bond. 

The present disclosure provides an insulin receptor partial agonist, comprising 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

10 heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the 

15 amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the 

first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and 

wherein the insulin receptor partial agonist has a maximal response towards the human insulin 
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receptor (IR) that is about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of 

the maximal response of native human insulin towards the 1R as determined by a functional 

phosphorylation assay; or 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

5 heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the 

10 amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the 

first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and 

wherein the insulin receptor partial agonist has a maximal response towards the human insulin 

receptor (IR) that is between 20% and 70%, 40% and 70%, 50% and 70%, 40% and 60%, or 

20% and 40% of the maximal response of native human insulin towards the IR as determined by 

15 a functional phosphorylation assay; or 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

20 are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the 

amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the 

first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and 

wherein the insulin receptor partial agonist has a maximal response towards the human insulin 

25 receptor (IR) that is at least 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of 

the maximal response of native human insulin towards the IR as determined by a functional 

phosphorylation assay; or 
a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

30 wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 
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are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the 

amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the 

First insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and 

5 wherein the insulin receptor partial agonist has a maximal response towards the human insulin 

receptor (IR) that is less than 70% of the maximal response of native human insulin towards the 

IR as determined by a functional phosphorylation assay; or 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

10 wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers 

are covalently linked together through a linking moiety joining the side chain of an amino acid at 

or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the 

amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the 

15 first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and 

wherein the insulin receptor partial agonist has a maximal response towards the human insulin 

receptor (IR) that is about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of 

the maximal response of native human insulin towards the IR as determined by a functional 

phosphorylation assay. 

20 In the above embodiments, the functional phosphorylation assay may be an 

Insulin Receptor (IR) AKT-Phosphorylation assay. 

In a further embodiment of the insulin receptor partial agonist, the linking moiety 

does not include a disulfide bond and when the amino terminus of the A-chain polypeptide and 

the B-chain polypeptide do not include a substituent the linking moiety is not an oxalyl (C2) 

25 moiety, a suberyol (C8) moiety, or a dodecanedioyl (C12) moiety. 

In a further embodiment of the insulin receptor partial agonist, the first and 

second insulin or insulin analog heterodimers are the same or wherein the first and second 

insulin or insulin analog heterodimers are different. 
In a further embodiment of the insulin receptor partial agonist, wherein the linking 

30 moiety covalently links the first insulin or insulin analog heterodimer and the second insulin or 
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insulin analog heterodimer via the epsilon amino group of a lysine residue at or near the carboxy 

terminus of their respective B-chain polypeptides. 

In a further still embodiment of the insulin receptor partial agonist, the substituent 

has a general formula RC(O)-, where R can be R'CH2, R'NH, R'O, and R' can be H, linear alkyl 

5 chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be 

acetyl, phenylacetyl, carbamoyl, jV-alkyl carbamoyl, or alkoxycarbonyL In particular 

embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl, 

carbamoyl, 7V-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, aminoethylglucose (AEG), 

AEG-C6, PEG1, PEG2, TV-dimethyl, and alkoxycarbonyL 

10 In a further embodiment of the insulin receptor partial agonist, the first and 

second insulins or insulin analogs are independently native human insulin, insulin lispro, insulin 

aspart, desB30 insulin, or insulin glargine. 

In particular embodiments of the insulin receptor partial agonist, each A-chain 

polypeptide independently comprises the amino acid sequence 

15 GX2X3EQCCXgSICSLYQLX]7NX}9CX23 (SEQ ID NO:3) and each B-chain polypeptide 

independently comprises the amino acid sequence 

X25LCGX29X30LVEALYLVCGERGFX27YTX31X32 (SEQ IDNO:4) or 

X22VNQX25X26CGX29X30LVEALYLVCGERGFX27YTX31X32X33X34X35 (SEQ ID 

NO:5) wherein X2 is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or 

20 histidine; X17 is glutamic acid or glutamine; X]9 is tyrosine, 4-methoxy-phenylalanine, alanine, 

or 4-amino phenylalanine; X23 is asparagine or glycine; X22 is or phenylalanine and desamino-

phenylalanine; X25 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or 

aspartic acid; X29 is alanine, glycine, or serine; X30 is histidine, aspartic acid, glutamic acid, 

homocysteic acid, or cysteic acid; X31 is aspartic acid, proline, or lysine; X32 is lysine or 

25 proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or 

absent; with the proviso at least one of X31 or X32 is lysine. 

In particular embodiments of the insulin receptor partial agonists, the linking moiety may 
be an optionally substituted group selected from the group consisting of acyl, aliphatic, heteroaliphatic, 
aryl, heteroaryl, and heterocyclic. The linking moiety may be a bivalent, straight or branched, saturated 

30 or unsaturated, optionally substituted CI -20 hydrocarbon chain wherein 
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one or more methylene units are optionally and independently replaced by -0-, -S-,. -N(R)-, -

C(G)-, C(0)0-, OC(O)-, -N(R)C(0)-, -C(0)N(R)-? -S(O)-, -S(0)2-, -N(R)S02-s S02N(R)-, a 

heterocyclic group, an aryl group, or a heteroaryl group, wherein each occurrence of R is 

independently hydrogen, a suitable protecting group,, an acyl moiety, arylalkyl moiety, aliphatic 

5 moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic moiety. 

In a further still embodiment of the insulin receptor partial agonist, the linking 

moiety is an acyl moiety, -C(0)RC(0)-, where R is alkyl chain, poly(ethylene glycol) (PEG) 

chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a 

substituted acyl chain, or a polyethylene glycol (PEG) chain. 

10 In a further embodiment of the insulin receptor partial agonist, the linking moiety 

is a C2-C20 acyl moiety. 

In particular embodiments , the linking moiety is an alkyidioyl, -

C(0)(CH2)nC(0)~, wherein n = 0-45, including but not limited to an oxalyl (02) moiety, a 

succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, adecanedioyl (CIO) 

15 moiety, a dodecanedioyl (CI2) moiety, atetradecanedioyl (CI4) moiety, or a hexadecanedioyl 

(CI 6) moiety. 

The present disclosure further provides an insulin dimer comprising a first B29 or B28 

Lys of a first insulin heterodimer molecule having a first A-chain polypeptide and first B-chain 

polypeptide and a second B29 or B28 Lys of a second insulin heterodimer having a second A-chain 

20 polypeptide and second B-chain polypeptide conjugated together by a bifunctional linker selected from 

the group consisting Linker 1, Linker 2, Linker 3, Linker 10, Linker 11, Liner 12, Linker 13, Linker 

14, Linker 15, Linker 16, Linker 17, Linker 18, Linker 19, Linker 20, Linker 21, Linker 22, Linker 

23, Linker 24, Linker 25, Linker 26, Linker 27, Linker 28, Linker 29, Linker 30, Linker 31, Linker 

32, Linker 33, Linker 34, Linker 35, Linker 36, Linker 37, Linker 38, Linker 39, Linker 40, Linker 

25 41, Linker 42, Linker 43, Linker 44, Linker 45, Linker 46, Linker 47, Linker 48, Linker 49, and 

Linker 50 with the proviso that when the bifunctional linker is Linker 10, Linker 11, Linker 12, Linker 

13, or Linker 14, at least one of the first or second A-chain or B-chain polypeptides is conjugated at its 

TV-terminal amino acid to a substituent or at least the jV-terminal amino acids of the first insulin 

heterodimer molecule are conjugated to a substituent or the TV-terminal amino acids of both the first 

30 insulin heterodimer and second insulin heterodimer are conjugated to a substituent. 
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In particular embodiments, the substituent comprises an N-hydroxysuccinimide 

ester linked to a group having the general formula RC(O)-, where R can be R'CH^ R'NH, R'O, 

and R' can be H, linear alkyl chain, amino acid, peptide, polyethylene glycol (PEG), saccharides. 

In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methyl 

5 group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl 

group, or PEG2 group. 

The present disclosure further provides an insulin dimer comprising a first B29 or 

B28 Eys of a first insulin heterodimer molecule having a first A-chain polypeptide and first B-

chain polypeptide is conjugated to a first linker selected from the group consisting of Linker 5 

10 and Linker 7 and a second B29 or B28 Lys of a second insulin heterodimer having a second A-

chain polypeptide and second B-chain polypeptide conjugated to a second linker selected from 

the group consisting of Linker 4, Linker 6, Linker 8, and Linker 9 conjugated together via the 

first linker and the second linker. 

In a further embodiment, the present invention provides an insulin analog dimer, 

15 comprising a first B29 or B28 Lys of a first insulin heterodimer molecule having a first A-chain 

polypeptide and first B-chain polypeptide conjugated to a first linker selected from the group 

consisting of Linker 5 and Linker 7 and a second B29 or B28 Lys of a second insulin 

heterodimer having a second A-chain polypeptide and second B-chain polypeptide conjugated to 

a second linker selected from the group consisting of Linker 5 and Linker 7, wherein the first 

20 and second linkers are conjugated together via a bridging linker having a structure 

R 

wherein R is a covalent bond, a carbon atom, a phenyl, a heteroatom, or an optionally substituted 

group selected from the group consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and 

heterocyclic. In particular embodiments R is a C2, C3, C4, C6, C7, C8, C9 or CIO acyl group or 

25 a PEG2, PEG3, PEG4, PEG5, PEG6, PEG7, PEG8, PEG9,PEG10, PEG11, PEG 12, PEG13, or 

PEG25. 

In particular embodiments, the substituent comprises an Af-hydroxysuccinimide 

ester linked to a group having the general formula RC(O)-, where R can be R'CH^ R'NH, R'O, 

and R' can be H, linear alkyl chain, amino acid, peptide, polyethylene glycol (PEG), saccharides. 

30 In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methyl 
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group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl 

group, or PEG2 group. 

In a further rembodiment, the present invention provides an insulin analog dimer, 

comprising a first B29 or B28 Lys of a first insulin heterodimer molecule having a first A-chain 

polypeptide and first B-chain polypeptide conjugated to a first linker selected from the group 

consisting of Linker 4? Linker 6, Linker 8, and Linker 9 and a second B29 or B28 Lys of a 

second insulin heterodimer having a second A-chain polypeptide and second B-chain 

polypeptide conjugated to a second linker selected from the group consisting of Linker 4, 

Linker 6, Linker 8, and Linker 93 wherein the first and second linkers are conjugated together 

via a bridging linker having a structure 

N3 R N3 

wherein R is a covalent bond, a carbon atom, a phenyl, a heteroatom, or an optionally substituted 

group selected from the group consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and 

heterocyclic. In particular embodiments R is a C2, C3, C4, C6, C7, G8, C9 or CIO acyl group or 

a PEG2, PEG3, PEG4, PEGS, PEG6, PEG7, PEGS, PEG9,PEG10, PEG11, PEG12, PEG13, or 

PEG 25. 

In particular embodiments, the substituent comprises an VV-hydroxysuccinimide 

ester linked to a group having the general formula RC(O)-, where R can be R'CH^, R'NH, R'O, 

and R' can be H? linear alkyl chain, amino acid3 peptide, polyethylene glycol (PEG), saccharides. 

In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methyl 

group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl 

group, or PEG2 group. 
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In another aspect, there is provided a compound selected from the group 

consisting of 

/k ^ / \ / \ „Q E ,N 
G V Q C SH S Y L N C OH 

i-^ ,,LS I „,H^ .VN ^-V-v /!G,. ^^Ys, ,Ps. ^T, 
F N H C S Lx E L L C E G F T K OH 

•fX 
/is ,EX / \ „TS / \ ,LV ,Q, ^ A 

G V Q C S-l S Y L N C OH 
0 

-Vv.A..,U GK0^H.. ^ A .AA, /,G„ R„ , Fv, 
F N H' XT^S' "f "E" "L" "L' "C 

Dimer 1; 

L Tv 
E G F T K OH 

O 
A /k ,EV / \ /TN / \ ,k EN .A 

H2N _ G V Q c s-l S Y L N C OH 
I I 

O 

I /k ,EN / \ ̂  / \ ,LN EN „YN 
H2N Q G v Q C S~l S Y L N C < 

A_^V. ,Q. 1.1 .G, .H. .V. .Y. .V. /( 
^2 

OH 

ii Ki- -r-^Vs XQH „HN .VS ,AN /YS. CGV .R. ^-YV ^Ps.iv'Tv H2N F SN H C S E ^ NC E G F T K OH 

Dimer 2: 
o 
A A ^ /\^ / \ /E. ^Ys H9N ^ G V Q C s-l S Y L N G OH 

A /G_,R F. „Y. „PN X 
H2N F' "N H' SS' "LT %E' "LT "C' E' ^G' "F' T "K OH 

0 

, V'vE^ VVl/ VVVEvVN' 
,A^V. „CL ,L.LG. -H. ,A. >.Y. -V. /c 

r^° 

\ 

H2N' -F'V^'Q-H'L^C-'G^S'H^^E-A-L/Y"L''V-C'G-E'RiG'FvF''Y"T'KK'^OH 
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Dimer 3; 

S-V-E'Q/ W 

F^N-Q-H'U^G''S'H-T^E-A-L^L-Vr-E-R-G 

S^E-Q/ YT-SVVLW V7 H 

Dimer 4; 

./Pv G-I-V^-Q/ WVW/' " 

F'^N-Q'H-UC-G-S-H-L-V-E-'1-L^L'V-G-E-R-G 
C C 

^I'V FvS-/ VS'W ' N 

F'V~N-Q-H-U6-G-S-H-L-V~E-A-L-Y-L'-VG-E-R-G-

Dimer 5: 

/ V /\ sfr 
S-V^E'Q f-rW VUY'<W 1 N 

F—N H' C s--L-"-E-"-"C E' -G-

GVV^E'Q/ Yr8"/ VUY'Q^L-E-N"Y^N 

F^N-Q-H'L^S'H-L-VA^L^V'G~E'R-G'F^V 
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Dimer 6: 

/ \ 
'£*" f T 1 S'~"Y'"L''EVN N 

F N HC'E-"-C E G ""F T "K' 

/ V / \ <•?-G^V^Q 9^,-Ss../ V^L. .Q. .E_„Y / N r E S'--Y-- L'' ~N" 

^vO-

F N H" "C" vs" E' "L L C NE G F T' 

Dimer 7; 

/ V / \ ^ G-|"V-E'Q FVSY VUY'Q^L-E^"Y/ N 

F^N'Q-H'L^G^H^^rA^^L^G^E'R^F-F^T'P-K-'T 

G^V^c/ Xpv„S^./ \ „U„, 
T' ~ "I S'"^Y'Q^L''E^N''Y N 

O 

F '%'<V L "C^S' H > L/Vs~ E"A > L^C'6 S E' R VG" ̂  F "Y~" T'Pv KA 

i 
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Dimer 8: 

S'Vo/ Vr6-/ \'Wa-L"V" 

0 /-v /\ ^ S-VQ K-V V^Q-L'V 1 N 

F "v" N'Q ~ H'L "C "G ̂ S'H - L/Vv" E'A" L/Vv-CG - E'R-G'F" F ̂  T'Pv-K "T 

O 

Dimer 9: 

H2NyG^V-^Q7 VT'S"/ 

0 
0 

H2NAF^N'Q'H'L>^H^L^E'A^L^L-V^G^E'R^F-F^T'KK'T 

/ V H2NN^G^ ^Vv_.Q CN T 1 E 
/Pv 

T-SyVL'Y-Q-L'E'N'Y7 * 
0 0' 

0 
0 

A./VS^Q, U'>G H. HoN F N H C S LT E L L C E G F T K 

CT 
.0 
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Dimer 10; 

>A_ H2H^G^E,Q N 

o 
o 

HJMAF'V-N-Q-H-L-<;-0-S-H-L'-V-E-A-L'-Y'-L'V-C/-G-E-R-G-F'-F'Y-T-P-K'T 

/Pv 
S Y V N' H2N^G^[^V.E,Q/ V-L^/-Q-,/E.1 

0 
o 

H3N^F'V"N'Q^H"LH^G"S'H'SL^V"E-A^LXYNL^C'GNE'R^FVFXYXT'P"KXT 

Dimer 11; 
c- c 

H2N G^V.^t/ 9-rSvf/ \ .U -CL „Y •Pv 

Y 
O 

0 

H!NAF'V-N-Q-H-UC-0-S-H-L'V~E-A-L--Y-L^C/'G-E-n-G-F>'Y~T-KK'T 

; 
H;N. ,G..„V. .</ XC,,,3. / \„L ,.0 ,,E T 1 E T I S Y L N 

„Y / N 
O' 

O 

H,NAF'%-Q'H-Ui-G-S-H-L'-^E-A-L''Y-'L'-V-G-E-R-Q-F-F^T-^K'T 

Dimer 12; 

0 C -Vv V w/ vsw^ 
L -V^,,Q,, ,,L. H., .V^,A..V. /,G^,RWFV^^T,PV. 

F N' H C' S L E 'Lr L C' E' %G F T' K OH 

O 
II JN ,EN / \ X / \ L Q ^Yx N, 

V V C Xs-I S Y V N V OH 

If -V^^CL, .L„ 
F'^N' H' \T V E C E' G' F T' K OH 
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Dimer 13: 

./Ps. H2NYG^E,Q 

H2NAF^N'Q-H'L4G^H^L^E'A^L-Y-L^C/'^E'R^KF^T'P^'T 

H2N_G^V Q7 V^-Sv/V,L,„.-CL.^E,...,Y7 N Y r E' S Y L N" 
0 

O 

H,NAF'V-N-Q'H-l-i-Q-S-H'L--^E-A-L''Y-L''V-C^'E-R'G-F>'Y-T-P^'T 

O' 

*o 

Dimer 14; 

VrSv /\ .L,rQ.^E,N^Y7 N 

Gv.^-Vs, M/ X?v,,S^/V.Uw,Ck, sf, 
T'-^I s'" -y"^irE>rY N 

/V°-

Dimer 15; 

H^^G^V^c/ VrSv/VL-Y^Q^L^E^N"Y7 N 

0° / 

H^AF^N-Q'H-L-i-G-S-H-L--V--E-A'L--Y--L--VV-G'E-n-G-F''F'Y-T-P-K-T 

/V / \ H2N,.G^ Cv.S,/ VL-„-Q-..^E^,-Y / N Y 1 E T I S Y r N 

H,NAF'V"N'Q~H'L"1C'G^S'HvL''V"E'A-L/Y'vL''V"C'G^E'R~G''F"F''Y"T'PvK'T 
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Dimer 16; 

HzNYG^"V^'Q/ VT'SV VS-'W^ N 
0 

0 / 
H2NAF^N'Q-H'U(!'^S'H--L''V^'^L''Y-L''V-C/'G-E'R~G'KF^T'P^'T 

HsN-YG-I^E'Q/ YT'SY VS'W^ N 
0° 

H/FXN'Q-H'L4GYH1^EAL^A'GVR^S^T-P-K 

s 
\ 

Dimer 17; 

,\s ,E / \ /TN / \ /E, „YS 
G V Q C S-l S Y L N C OH 

-VS.,_CL, L GSA/HV yVs ,ASI /YXt ^ R.. x F\ _y-Y-x. yK^-Ts F N' %H' VC" sS' SL E" SL L C *£' \3' F TVP OH 

/k ,EN / \ ̂ Ts / \ _,L ,Qs E ^YN A 
G V Q C S-l S Y L N C OH 

AA,..,CL,L. 5 F N" ~H' ~C' If "E" L' 

Dimer 18; 

L Gv—H -.. /Vx„ A s | /Yv ^ R --Q-- F^p^-Y^^., 

• k .E, / \ /TN / \ .Q. /E% XYN ,N, 
G V Q C S-l S Y L N C OH 

-Vs....Q,..,U G^H„ ,/V,,_,A.l/Yv.V, 
f >T~'H' (TS'IT ^E" 

/G._. R._.FV_^_,D...^TV E G "F 1 K OH 

0 

/k ,ES / \ /TN / \ ,Qs E, „YN A. n 
G V Q C S-l S Y L N C OH 0 

F'-^N'-H'"^c—s',,^^E-''^'^v"c^E'R\rF>^r~sK^OH 
-VS._,CL ,L^ G • H „. /VN ̂  „ A H. /Yv, ̂  /. G. -Y. ,Dj ,T„ 
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Dimer 19: 

sK .Es / \ Ax / \ >s ,QV XEV XYX ,N. 
G V Q C S-l S Y L N C OH 

/( xG HNI/V^_,AS,^YV.^V^„/.G^,R F^Y^P^„,OH 

/'N / \ ^Ts / \ A. .„Q E, ^Yv 
G V Q C S-l S Y L N C OH 

/, F"VVQ-H'L^G^H^L^E'A^^L^C'G^E'R^F>^T'P-K 
Dimer 20; 

.OH 

0 C C 
/'x • E / \ / \ Q ^E A 

H2N Q G V Q C S-f S Y L N C OH 

X -Vv „Q. AN H„ „.A „t JVs., ,Rw Fs. >Yv,., Pv,,„T* L 
H2N F">I' H'<r S'ITE L L C E G FT K OH 

0 
Es..Ax_A A A -E- / \ AN / \ As -Qs / 

H2N QG V Q C s-l S Y L N C OH 

/( A. A/s...,Q_.U .V. ,A% ^Yx ^VV^^AG^,_.-R^_^Fs. ^Y^ ..P-S 
H2N ^ N H C S ^ E * L C E' G'" F' T K OH 

Dimer 21: 

As E / \ Ax / \ As /Es Ax X 
G V Q C S-l S Y L N C OH 

-Vv..,G,. A /, Gs.rt^H^, A^, ^Yx._ ^A/vv^/^G^,_^R 
F N H C S L E L L C E G F T K OH 

/ \ /Tx / \ ^Yx 
G V Q C S-l S Y L N C OH 

-Vs. .„Q,. L s Gs_/Hs. v^V< ,AN JYx ^.xVs, R^^F% •Yx_«-P /< 
N H C S IT E L LT C E G F T K OH 
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Dimer 22: 

0 

H^s-1 vV X-T- 7 

H2N F"V^''Q- •'L^"G 

H2N- Q G 

H2N^F"V"N'Q*H'L%C 

Dimer 23; 

A sKA/ VL^/Ev,^N 
V Q C s-l S Y L N C OH 

/VN ,A% yY\ /Vs/.Gv_/Rs/-/F•v_^Yv_^P-IT E IT X E G F T K OH 

0 
A /'s .E. / \ /Tx / \ ,LN .Q, /E, ^ A 

H2N O V Q c ' S Y L N C OH 

H?NAF'V"N'Q•H'L4'GVHvL''V','E'A^LxYvL''V"/C^E', "G" "F' ' "T" ̂ K' "OH 'Vs.,'Q..,.L,LG H., ,A,,Yv,,>' /.G^R^F. .Y-.. .P.,-T, 

0 
A /"N -Ev / \ /Tv / \ ,Q. /Ex ^ „N, 

V Q C VS-| S Y V N C OH 

A„^VS. .,Q. ,L.LG. .H. ^ .A. „Y» ,Y., 
H2N' T'VxN'Q'H'LsC-'GvS'H^L/V"E'AiL''YxL''V"C'"^E','~G-'" "F""T" ^K'"OH 

Dimer 24; 

/Is ,ES / \ ̂ Ts / \ „L, ,QV E ^YN A. 
G V Q C S-l S Y V N C OH 

F'VA'Q~H>L"C u •S'n^L^E^^L^V^E^'G'^F^T'^K^'OH 

XIN ,E / \ /TN / \ ,LS ,QV Es ^ ,N 
G V Q C S-l S Y L N C OH 

-ws- L 
LT C E G T K OH 
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Dimer 25: 

• k .EN / \ / \ As ,Q. /E. ^YN ,N, 
G V Q C S-l S Y L N C OH 

F-VWUC"S Gs_^Hs — s A x /l\ /V\ L Vv ^Vs. CG, .R-, _-Fx xYv ,Ps. ^T\ 
L" E' ~L" L C E G F T K OH 

O 
0 

/Is ^E / \ /Ts / \ „.LV yQ, A ^YN ,N 
G V Q C S-l S Y L N C OH 

F^N'^H'^C L G%s'H^vVA^Y^v^G*E'R^'F>'YvT'' ~K" OH 
Dimer 26: 

0 

H,/G/IVESQ/ W/ YLVQVEVYVNOH 
0 T / 
XC.V. ,.Q., ,L-.LG.. .H.,A.A,AIG^-RWFSCA „T, 

H2N F' "N H C S IT E' L' C E G F T K OH 

0' 

I /k A / \ xTs / \ As .Q./E, ^Yx N 
_G V Q C S-l S Y L N C 

Ic 
H2N QG OH 

A, -V. ,,CL ..LJLG H., .V. ,A„./Y. ^V-, AG^R^F. ^ .P 
H2N' T-""N"*,VH^^C'"^S""L^'"E" ""L'" '"L'""C'~^E" "^G' -F""T" "K' OH 

5 Dimer 27; 

H^G^'V"V VSY VL>'Q\/ESN/YVKOH 
2 0 

H9N A, 'V%-Uc-.G.„,H„./VN .A / V>/,,G..._.R.„.,F.. ^Y-.,P. ,OH 
T K 

X /!\,'Ev/ VK / VL^Q /•-S /'Sv s' 
H2N'QG' V "Q C' 'S-l S" Y "L" N C OH 

H2N^F-"V"N'Q~H'L^C G_ .H./Vs. .A / V^.,/,G R y 1 Ys P-
G F T 
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Dimer 28; 
c c 

./'V yEs_/ \ /TN_ ./\_,LV.,Q 
G V Q C S-l 

E Y N 
S'"V~V V V 'OH 

L F'VVS'GVVV^VVG-E-VS'VVOH 

/k ,EV / \ /TN / \ A. /Qv /Es /Ys N 
G V Q C S-l S Y L N C OH 

L 
F "V" N'Q" H ' UC 'G % S ' H v L/V" E'A s L-"YN V^C'G ̂  E'R ̂ G' F ̂  F "Y^ T ' K K ' 

Dimer 29: 

,K ,K / \ /\A .Q. /E. ^ 
G V Q C S-l S Y L N C OH 

AAs^Q^U 
N H C S r E L' 

/, GwHSlA A/Ys,/VsXG,^R Fv A^Ps,.OH 

/'N X / \ /Tx / \ ,0, Ev XYX ,N 
G V Q C S-l S Y L N G OH 

N" ~H—C S'""\f ~E" ^-'"N — 
'Vs..,Q„..,L H.>/V.^,AS,/YNL/V%C/,G.E,R.G.F^F^T,PSI,,OH 

5 Dimer 30; 

/K ,E / \ Ts /\,k A /Es ^YN ,N 
G V Q C S-l S Y L N C OH 

F'V^H-^VVV^V^-E'VS'VV0" 

V-. .CL, .G H,1A.,A1,A./VsXG,„R Fx_^Y>._,P>,-^0H N H C SL'' NC"'Er'"Gr' T' "T" X" 
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Dimer 31 

A /k -Es / \ AN / \ A. .Q. A. AN A 
H2N V Q C s-l S Y L N C OH o I 

L" E' "Lr ~L C'C'E' "G' T" T' I "P" OH H2NAF'VQ*H'S' S „G^ H ., /V-. ̂ , A %, Ak, ̂ .V^X'G. _, R F,, _ ̂  _ „ K. 

O 
A -E- / \ ̂  /E- "YN 'N 

H2N QG V Q C S-l S Y L N C 

u Mi'^v>* H2N F N H C •G^H.. A/N^A, 

V 

/, 

OH 

•V\ A G v _>• R x x Fs. _ ^Yv ., K s ^T, 
P OH 

Dimer 32: 

AN A. / \ AN / \ „LS ,QN EV A\ ,N% 
G V Q C S-l S Y L N C OH 

V^N'Q-H-L •G HSi /Vs, AVi/Yv. /V-^^G„ _ A! /( 

ls E / \ AN / \ As .Qs /E. /Yx A 
G V Q C S-l S Y L N C OH 

A/A .Ah. .A F " 'N' ""'H*""C' " 'S' "L 
5 Dimer 33; 

L A. ^G t.RvF^AT,K,pA0H 

AN AS / \ AN / \ As As AN A< 
G V Q C S-l S Y L N C OH 

F"V"N'Q,H'UC •GyHl^EAL^L^/GrRV FNF"Y"T' rP"TxOH 

lN A. / \ AN / \ Av /E. AN A_ 
G V Q C S-l S Y L N C OH 

/( 
F'V-N-Q'H'Ui'G~S-H-L''V^-A-L-'Y-L''V-C/-G-E-R-G'F^'^T-K'P'T-OH 
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Dimer 34: 

vk As / \ /k / \ As ,Qs /Es XYN ,N 
G V Q C S-l S Y L N C OH 

F 'N H C' 
L 

L E /"s •, 

/IN AS / \ ̂ TN / \ ,k ^ E, ^ ,N4 
G V Q C S-l S Y L N C OH 

'Vs* >Qv. LN G „ , H ., /Vv _, A../Y^./V-
F N H" 'C' "S \f "E" "L" "L" " 'C E' "G" "F" T P' OH 

Dimer 35: 

• k As / \ AN / \ As >E ,YX 
G V Q C S-l S Y L N C OH 

/ 

G V Q C S-l S Y L N C OH 

A/s ,Q. ,„L F N H C 'S 

Dimer 36: 

GWH, L/Vs£, A,L^^C/,G.E- F^Y^ Ps ̂ T,GH 

H* V vV W/ VVWYA 
HoN AFV-H-L-. L 

C"G"S'H" L^V" E"A" L/V"C'G - E'R "G" FV F"Y"T' P"K^OH 

A As / \ AN / \ As ,Qs As A.N „ 
H2N QG V Q C s-l S Y L N C OH 

.A -Vv..,Q...,U G H.,A.,^. .V^AG^R^Fs^Y. ,P L 
H2N' F~^N' H C S L E L lA C E G F T K OH 
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Dimer 37: 

/k ,EN / \ A / \ >N Es XYN N, 
G V Q C S-l S Y L N C OH 

'V^-Q-H-LC L G. ,H„ XV>.A. /Ys./.G.RwFs_>Y^,,Px„,OH 
oLbLLLrbor 

/k ,EV / \ .Ts / \ E ^ ,N 
G V Q C S-I S Y L N C OH 

-Vx..,Q.--,Lv H„, A.. /Ys /G._,R._. 'Yv_,P-
F N' "H C' 'S' "L" E" L' "L C E C F' T K 

Dimer 38; 

.OH 

/k ,ES / \ ̂  / \ „LV Es ^ ,N, 
G V Q C S-l S Y L N C OH 

-Vs.. ,„Q—L 
N H C S L" 

G.„„ H „. /Vx A „, ̂ Ys., /V^G„ R L 

k ,ES / \ .TN / \ _,LN ,Q. _ F Y N / \ • \ / \ /1N / ^ ^ ^ / -s / 
G V Q C S-l S Y L N C OH 

F-"%'Q'H'UC Gs,rt/HSl /Vv,A _^Y\ ^VL/>GF>%xVs.P /, 
S L' 

Ts 
C E G F T K OH 

5 Dimer 39; 

G. Q 
/ \ 

/ \ „U ,Q, 
I S Y L" 

Y N 

F^N'Q^H'U^G^H^L^E'A^L-Y-L-V^G^'R^F-F^T'KrT 

/ V / \ S^E-Q fvV VUY'Q^L-E-N"Y ' N 

F^N'Q~H'U(i'G^H^L^E'A^-Y-L-VG^E'R^F>^T'P-K 

J 
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Dimer 40: 

/ V / \ /F-G^1/Vv_^Q 9^-S^/ / N r E T I S Y IT N 

F'KN-QH-Uci'G-S'h,-U'-V^-A-U'-Y-L''V'G-E-R-G'RF^T-KK'T 

G.rV.E.Q/ V.S.,/ \ ,L-y.QrE.//N 

F N ' H' L H - L/V" E' A - L^Y> L<"VG ̂  E' R F" F ̂  I' P" K 

J 
Dimer 41; 

/ \ vPv G-rVvE-Q fvS7 VS-^L'-'S^7 N 

F "V" H"Q* H' L"C'G"-S' H* L/V" E'A ^ L^C'^'E ' R %G' Fv F T' P" K ̂  

G^V^.c/ V^„S„ ./ \,U„„Q, /Pv 
r--E_ / -T'-^I' S"^-Y'VJlsL^E-N''Y 7 N 

F "V^ N "Q s H ' L "CGvS" H v E'A s L/YV L/V""CG" E'R NG" F ̂  T'P,N K"T 

-20o-



Dimer 42; 

G.^V^Q 9^S./ \. .Q. 
.y?< 

T'-"l' S^Y^L^N^ 1 N 

'VX..,Q..,.ULG^H.,^VX^,A../YX AG.^,R F^Y^P..,,-! 
F N H C S L E L L C E G F T K" 

/Pv G^V.^Q7 V L. ,Q .Y7 N 

F"V"N'Q'H'L "C'G XS'H" L/V" E'A-L""K I/V6 

Dimer 43: 

G-s.>A/C „(/' V.,„s^,/ \ „U.„ 
V"E T "1 S Y L N 

/f, CL.^E »Y / N 

F^N'Q^H'L^G^HA^E'A^L-YY-VG^'R^F-F^T'^K-'T 

G.rV.E -Q V^S^./ V,U„,' 
T'~"l S'"'Y'Q^L-'E-N''Y ^ N 

0' 

F^N'^H'U^G^^L^E'A^L-Y-L-VG^rR^F-F^T'P-K-T 

N'% 
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Dimer 44: 

/ \c / \ 
IST' I HJN^G^V^Q VN. 

/CN 
I Q..^E..,^Y/ N 

H,NAF^N^H'L^S'^L^E'A^L^L-VG^E'^G'^F^T'KK'-T 

G^.V^.c/ X?x ,S„/\ _-U„,Q,. 
xPv 

PT'"V S"^Y'w^EvN"Y ' N 

F^'Q-H'L^GYHrVAlALAc/AE'R^SAT'Y 

N'% 

Dimer 45; 

G^/V^Q ?S_,S^/V.L. /Pv 
,.T_r ^.Y'W/ N 

F "V" N "Q * H ' L "CG"S' H " L^E' A " L/Y^ L^C^E'* "G" F>iF T ' P" K"T 

/ V / \ ^ H?N^ ^G^VS^Q 9-T^/ / N T o 
o 

A..A1.Q,„,LJ/GWH Vx „, A s ^Yx. .Vs. L G . _ , R F v. _ ̂  _ , Px. ̂ T 
H,N F N H C S LT E \f LT C E G F T K 

i 
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Dimer 46: 

C 
H2NyGX|AE^ Vr^/ VUY^QSL^E^N"Y^N 

0 o 
H!MAF'v^-Q'H-U(!'G-s-H-L^E-A-L''Y-L'-v-c/-G-E-R-

WyS^.t/ Yr®y VL-Y-Q-L'E-N'Y 

O 
0 

H2N^FXN'QIH'UC/GVS/HN L/V" E 'A - L/^ L-VG 

Dimer 47: 

"YG"rV"E'Q ^T'5^/VL^Y'Q^L''ESN"Y ^ N 

o 
0 

^F^N'Q~H'L4G^H^E'A^^L-V^G^E'R 

„(/ V^/VA 

G 

•Y^l'^E-" J-r°V S'L-Y-Q-L--E-N'Y °0 

V-»-0VL-CV-^E-A-L--VVG' 
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Dimer 48; 

H2N-^Y 
o 

/ \ 
T ^i S'~'Y'~-L^ "1ST 

/CN 
Y / N 

O 
H2N^AF^N.Q.H.L^.5.s,H.L^E.A.L^L^c-,G.E.R.G,F.F,Y.rP.K,T 

.•Pv 
H2N^YG-I'V"E-Q/ Yrs-/ VL-VQ-L'E-N'YV N 

0 
0 / 

H!N^rV.N,Q.H,L,(!,G.s,H.L^E.A.L^L^c/,G.rR^F.F,Y.rP.K 

Dimer 49; 

%o' '^Y 
./Pv G^V^Q7 N^U^O^E^Y/ N 

/0^o-^F^N'Q-H'L4G^'H^L^E'A^L-Y-L-v^E'R^F-F^T'p^-T 

FXN'Q'H'UC'G,S'H"E'A' L-"V"C'G^ E'R "G' FT' K K 

J 
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Dimer 50; 
OH 

"°VS^OH 

V H<y 
HO. 0-v^% 

HO 

HO 'O 
OH O 

HO 

} OH 

S"VQ/ \rsV VUY'Q-U-S'-Y^N 

F^N-Q-H-U(!'G-S-H-L^E-A*L^L''VG^>R-G'^F^T-VT 

G..V. ..c/ V^L.w,QSl^E^.^Y7 N f\ 
•r E* T "l S' Y L N' 

°HQ^K 
QX,OH 6 

HO^AOH 

OH 

J-

Dimer 51; 

(V* Q V^Sv,/ \ ..U.^Ch.^E. 
S Y IT N 

-Y / N 

F ~ H ' L "C'G -S' H - L^V A - L^'CG ̂ '"VS "Y" T'P- K "T 

/V / \ ^ 0 
G..^_-Q fsT,SN|/ / N 

F^N'Q~H'UC!'G^^L^E'^L^L^C/'G~E'R^F>^T'KK'-T 

'1 y 
N=N 
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Dimer 52; 

/\ 
o 

V^Lvw^Qs 
T I S' Y LT N 

Ev. ,xY / G 

G-I'V"E-Q/ YT-S/ VL-Y-Q-L-E-N'Y'^G 
o 

F^VVN^Q^H-L-C"G^H"L/V"E^AVL/Y^L/V'SC''GVE'*R"G''F'VF''Y"T'KK''T"R''R 

Dimer 53; 

0 
• k ,ES / \ ̂  / \ >s yE X A 

G V Q C S-l S Y L N C OH 

A, V^.,Q.Av G.„,H., .V. .A.^Y, /( H2N' 'F' ̂ N'^H'^CT^S'" -XL"""E" "^^LAC^-E'^G'^F^T'^K^OH 

/k ,EN / \ X / \ ̂  .Q. /E, X „N, 
G V Q C S-l S Y Lx N C OH 

H2NAF-;V(V1-C G^„,HV /V^_,As,/Y-s, A„',G>r.,Rs„.Fv„x-Y-/C 
S IT E IT L C E G F T K OH 

Dimer 54: 

-V vV W VAV 
i / AF^N.Q.HA.I,G.s,H,L^rA.L^L^(/G. 

v „N 
V OH 

E'^G-'VVVOH 

0 

VNV VL^Q-,^Ev,'Y^'N-
o G V Q c s-l S Y L N C OH 

ACAHAM'LN Gv„, H. /Vw A., /Y., ̂ V^G,R wF-V^^YV^, P /< 
F N H C S L E L L C E' G' ^ T K OH 
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Dimer 55; 
O 

.o^A.VTx0,/.X^N. 
o *G V Q C S"l S Y L N C OH 

.o^A, V-N'Q-H-UC H., A.. ̂ Y^. ̂ VsXGs.,Rs.,F /, 
C E 

O A /K ,K / \ /T. / \ .L Q E X M °\^G V Q V XS-f S V V N V OH 

-O^A .Q. ,L. I -G. -H. .V. A .Y. ,V. IX 
r N H c"Gss'H-L/V"E'A-L/Y"L^c-G^E'R-G'RF"Y"T'KK^OH 

Dimer 56: 

G^V^c/ \,U.,,CL, w>E-« /"T'^I' S""",Y'^L"ESN''Y N 

F N'° ~ H ' L"C'G VS'H - L/V" E'A ̂  L/YV" L-^VV-CG^ E'R ̂ G'Fv> F ̂  T' P"K "T 

G^/V^Q ?>T-.S>. /\ L.,„Q..^E..,^Y N 

F "V" N^ H ' L "C"G^S'H ̂  L/V" E'A ̂  L^C^E'R VG'F" F "Y" T'K K ̂  

i 
Dimer 57: 

H3CV /k X / \ /Tx / \ ,,0^ Es , 
V Q C S-i S Y L N C OH H3C 

HaC^V-^.Q.^U 
H ,C' 

L 
F'-N-~H-^G^H^^E'A^L-Y-L-VG^E'R^F>^T'p^K^OH 

"*v'v v W VVVVV^H 
H C / 

^;F'^N-Q-H'L-C'G-S-H-L^E-A-L-'Y^'-VG'E-R-G-F'-F^T-KK'T-OH 
MoU 
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Dimer 58: 

/ \ .C, 
P Y / M 

FAN'Q-H'UC'GrHl^E'Al^L-VG^E'R^F>^T'KK'T 

Gs .^V^c/ X9S„S^/\_^L S-Y'Q^L-E^"Y^N 

F^N'Q-H'L^G^KL^E'^L-Y-L-V''G^'R^F-F''Y-T'P-

Dimer 59: 

H3C 
I3 

;GV,X.VV^Q/ VA,/ VU H,C"VI''' "E 1 ^1 S'^Y'^L^N"^ ^ N 

H3G^^kl.Q.11.Ls.^G^H.1/Vx^,A.,^Y^l/V^G^,R^Fv^^Yv_,P..„-T 
H3C F N H C S L E L L C E G F T K 

H,C. ,/P. 
H£:GYV~E'Q ?VS-/VUY-Q-L'E'-N'Y'/ N 

H3C-F'V^-a'H'Ui'G-S'H-L''KE-A-L''Y-L'-V-C/'G-E-R-G'F-F'Y-T-KK 

J 
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Dimer 60; 

/ V / \ ^ H2N^G^V.rQ j^rsy yU^Q^E.^Y/ N 

o 
o 

H2N F "V" N'Q' H' L "C'G -S' H ̂  E' •A- L/YX E'R VG" F% F ̂  T'P" K 

/Pv 
^My'V'V0 fYs^/VuY'VEvY / N 

0 
G 

H,NAF'V-N-Q-H-Ui'G-S-H-L'-V-E-A-L''Y-L''V4G-E-R-G-RF'Y' 

Dimer 61; 

/ V / \ ^ 
H2NyG-,^E'Q /S"S"I S'L^Y'Q-L^E-N"Y 1 N 

o 
0 

,A ,VV,-Q,,.L1G HNl JA^A^Ys.,^V>. /.G^,R F^Y. ,P-H,N F N H C S L E Lr Lr C E G F T K 

./Pv YT'S-/VLVY'Q^L"E^N''Y7 N 

QO 

H,NAF'v^-°-H-L^'G-s-H-L-'^E-A-L''Y-L^c/',3-E-R-G'F-F'Y-
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Dimer 62; 

HZN^G^V^C/ V^S^,/Y.U.,,Ck.^E Y / N Y ^-r E 
o 

o 

T I S' Y L N' 

A .V. .Y. /V^G^,R.„.F. .Y. ,P.,^T 
H2N F N H C S L E L L G E G F T K 

H2N^G^V^Q7 YrS^/ \rL.Y.Q.L/E.N,Y7^N 
O 

0 

H7NAF^N'Q^H'L^G^H^^E'A^L-Y-L-V^^E'R^F-F''Y-T'KK''T 

o' 
H,C 

CH-

Dimer 63: 
Q Q / \ / \ xcs 

^N^G^^V^^Q CNT,S,/ \g/LYQrEyY/ N 

o 
0 
X^V^..Q.BB.,UJLG ,^K./G_R F^Y^P^^T 

H2N F N H G F T K 

H2N^GV|/V.E.O/ YT^/VUY-Q^E^N'Y7 N 

o 
o 

H2N^F^N"Q^H"L^G"S"H^L^E'A^L^Y^L^C"G'E'RS,G"FXF';V^T"P%K"'T 

X o v^( 
CH, 
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Dimer 64; 

• k ,E„ / \ X / \ E X A 
G V Q G S-l S Y L N C OH 

VY^F"V"N'Q^H'L^rG>lS'H'-L/V's-E'A^L'xV"L'xVs-/G"'E'RVFsF''Y^T'D''K^ OH 

/k .Es / \ /TN / \ ,LN E, X 
G V Q C S-l S Y V N C OH 

A/. .CL ,.U /, F N H C' S L E' L |_ C "E G F T K OH 

Dimer 65; 

/ V / \ 
,2IYUS|/,SE'J ri'S^\ S'L"Y L^E"N 

0 

H,NL 9x_.S. 

O 

H,MAF'V-N-Q-H-Ui'G-S'H-L^E-A-L'-Y-L''V'G-E-R-G'F-F'Y-T-P^'T 

M2M. ,G ..|^V.E,Q/ y~rS- / \-L-Y.&-L^E>r'' I N 

o 
o 

H?N^F"V"N'Q^H'L^G^H^L/V"E'A^Y^L/V^GHE>R^F^F^Y"T^P"K"T 

o CH-
H3c 
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Dimer 66: 

H3C 
f-UC" •G^V^Q ?s ,S^/ VL-Y'Q^L''-'N 

/p. 
E...„Y / N 

H3C- F N H -C S L E L L C E G F T' K 

H,C. Y / N 
H3C'^r^E'~~ / T'^l' S^Y'"'^"'"'"^ 

:G^V„r..,Q/ V^S^./ \• ,Uw,Q^E,, 

H3c. ^-V-Vf.INuL-^ LGS. ^HN _^V-V ^ A V ^Y-S^ ^-YN. -S ^-T 
rNMOoLtLLOb(jh I t\ 

H3C 

O 

o 

Dimer 67: 

/v / \ '?* Gn'VQ ?VSY V Y I.' N 7 N 

F'V-N-Q'H-Ui'G-S'H-L-V-E-A-L'-Y-L'-V'-c'-G-rR-G-F-F'Y^rP~K'T 

/V / \ /Ps G^.Q C Sx / \ L. -Q ^E .Y / N 
Yr 

N^N 

HN 

F^N'Q~H'L^G^H^L^E'A^L^L-V'G^E'R^RF^T'KK-T 
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Dimer 68: 

Y „(/ \„xL„ Q^.^E. ,^Y / N 
T I S' Y L" N 

O 
AF^N,Q.H,L,^ H A ^,Q .R F. ,Y. P.K.T 

/Pv O O '-yS..ry-E-0/ 'j- r,S. / VL.V.Q.L,1:.N,Y / N °0 

AF^-.N-Q.H-U,/,G.S,H.L^E.A,L^L^C/,G.E.R.G,F.F^T.P.K,T 

Dimer 69; 

- \^S^/ Vl 
/C, 

°^Y-.rv.E.w rr^r i N 
O 

O 

°^F'V-N-Q-H-UiAS'H-L-'V-E-A-L-'Y-L''V'G-E-R-G'F>'Y-T-KK'T 

.^V 

•0-^Y"GVI^VNE'Q/ I N 
o 0 

"T vl S" Ny 
O o 

-Ov^x^ ̂  ^ ̂  L v H ̂  A v j^Yv s E v-R ^ F T x K 

5 Dimer 70: 

/Is / \ X / \ • k /EN X A 
G V Q C S-l S Y L N C OH 

Vx..,Q,...L G,. ^ H v. i vA/-v._ , A s /Vv Jsj^.jsG, R Fv, >Ys. v P>, XTN /, 
F NH C S L E LLC E G F T K OH 

A 
/I. ,EX / \ X / \ ,L, ,E X 

G V Q C S-l S Y L N C OH 

-K ,C> .„L,. .^Gv_^Hv A„ /Yv /G — R„ F N_^Y. ,Px..x.T, 
F N H C' S' L E L" L C E G F T K OH 
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Dimer 71: 

sK ,Ex / \ X / \ ,LX ,QK Es ,N 
G V Q C S-! S Y L N C OH 

-V. ,CL .,U L 
F "N H CS\T E 'IT "IT C E G 

/'N ,EV / \ / \ ̂ Lv 
G V Q C S-l S Y L N C OH 

^Vs. „Q, ,LSLG, ,HS /VX „A. /YV. ^V>. /G. ,R. .F^ ^Y 
F N H C S L' E r L C E G F 

Dimer 72; 

H=NYG-I'KE-Q/ VT'S"/ VL-Y'Q-L'E~N'Y7 N 
0° / 

H,NAF'V-N-Q-H-UI'G-S-H-L-'V^-A-L-'Y-L''V-C/'G-E-R-G-F 

H^N, .G,.V </ S^./ \ I 0..,E...,Y7 N T o o 

-20ac-



Dimer 73: 

/ V / \ 
H,N. ..G^V^Q ?^T'Sv./ VL"-Y"Q^L''EVN''Y 1 N 

Y I E' 
O 

O 
A^VV.,Q.,,AJ,G ^./Vvi.A.xlG R F^Yv_.P-,^T H,N F"" H' "C S' "l^ ^E' "L"' C E G F T K 

/V.r_,Q/ \ 1 " c v^'Cv 

T 1 HsN^G^V^.Q ?^T-S^/ ^U^Q^E^Y/ N 

NYNYCI 
N^N 

HN 

H2N^F"V"N'QiH'LY'G-S'H^L/V"E'A-L^L/V^C'G%E'R^G'F"F''Y"T'P"K''T 

Dimer 74: 

G^v. „(/ X9N^-S^,/\ ^ '^I^E'W pr^f 1 N 

F^N'Q-H'L^G^H^L^E'A^L^L^C'G^'R^FY^T'KK"T 

/Pv G^V^.c/ VT.S^ / \ ̂ UY,Q.^E. xY'/ N 
'E' 

N 

FXN'aHAV^S'H\^E'Al-Y\^VG^E'RVRFAT'KK^T 

LJU 
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Dimer 75: 

/ v G^Vs_„Q P / \ ̂ uw.. QSl .Es. ,^Y N T I S Y L N 

F'%^H'UC^S'H^ 

S^E-a/ Vr3-/ \'UY-Q-L'E-N'Y'/C~N 
0" o 

F^N'Q^H'L^G^S^HSL/V"E-A^L^L/VVC'G^E'R^G'F"F"Y"T^KK"T 

Dimer 76; 

H2N 

H5N 

-JLe'kv'E-Q/ VNSY V' 'Y-Q~L-"F-N'Yxc'NbH 
h A/....CL As G. ,,HN, -AA. ..A„. ^Y^, /Vs AGv_^R^/FS. ^Y>.X P^.^TV 

2PiY 
0 

F "N'^H C' _"S" "L'' " "E' "L'' "I/' ~"C' E G' ~F'" 'T" ~K OH 
V=0 

/ •? H2N^F^N'Q^H'L^G^S'HY-VAY-Y-L^C'G^E'R^FV^T'P^K^OH 
¥ o 

IL /k ,ES / \ /TX /\A ,Q. /EX .Y N 
H,N G V Q C s-l S Y L N C OH 

Dimer 77 

0 

l2 

JL yk 'Es / \ X / \ /k A, , 
H,N G V Q C S-l S Y L 

E, X A 
N C OH 

H2^Y 
0 

A/.. .Q, ,L„ L 
F'^N^SH^SC"GNS''HVL/V"E'A^L^L/V"C''G^E''R^G''F^F'Y'NT''P"K^TVOH 

\=o 

11 yK / \ /Tx / \ ,k vQs /E. /Yx 
^rS \/ V. xc-i s Y L N C OH |-|„f\| G V Q C S 

L 
H2N^F^N^Q^H^UCxGVH^L/V"E'A^/Y"L^V^G^R^F"F^rKK'TvOH 

Y o 

-20ae-



Dimer78: 

/ V 
! E 

/\,L 
T I S Y L 

/ % . y I— <«. / 

F^N'^HA^S'H^L^E'A^-Y-L-V''G^E'R--G-'FY''Y-T'KK-T 

c. —c 
G, Ys,.,S. ,/ \ ̂ U,,. 

T'"xl' S^Y'0^"^!^ ' N 
O 

F^N'Q^H'U6'^S'HY^E'A^L^L-VG^'R--G'FV''Y-T'KK''T J /~°' 
HO"' 

Dimer 79: 

S-VQ/ Yrs-/ VS-<VE-N'Y/ N 

P y'Vs ̂ ji/Qs|^/L\^/Gs^HN i^/V\ A ̂  |jy,^*YkSv SQ^ F*\p /Y\ y'PN>^>'T 

VT-S^ / \ ,L Q E. xY'/ N o 

F^N'Q^'LY'G^HY^E'AY^L-V-CG^'R^F>^T'P-K'-T 

5 Dimer 80: 

/k ,EN / \ /TN / \ .Q, /E% X A 
G V Q C S-l S Y L N C QH 

-Vx...,Q,..,L B/V^,A., /Y%., /V. 
F N H C S L E L L C 

/G^,R 
E- G-FVF"YVT'KK^OH 

o=c. 

/k ,ES / \ X / \ ,k .Q, /E X 
G V Q C S-l S Y L N C OH 

n NH 

O 
^G.„.H../Vs. A /Yv .V-.„/G^,R^.F^_^_,P^>^TV ^Vv. „Q, ,L. 

F N H C' "S" "L" "E Lf l"" " PT\ 
E G F T K OH 
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Dimer 81; 

GXl \ „UW,Q.„,^EV 
sf. 

F^N'Q^'U6'G^S'HY^E'A^L^L-V^E'R^F 

G^V^t/ V^S^,/ V-U. ,/Ps. 
r " 'E' " I 'T""T s-' —Y"Q-L'E,'N''Y ' N 

F^N'Q^H'L^G^H^L^E'A^L^L-V^E'R 

Dimer 82: 

A • k .EN / \ X / \ /2N E X ,N 
H,N „ G V Q C S-l S Y L N C OH 

lArA11,Q.„,Lx 
H2N^ F ̂  N^ H'L sC"G"S' H ̂  L/V% E'A - L/YVN L/V""CG^ E'R L 

o 
U /1N ,E / \ X / \ .Q. /E. X ,N. 

u M-VTG v Q C S-l S Y L N C OH H2N O / 

F "Vv N'0^ H' L VC"G"S' H v L^E'A Y/Y^ L^V"CG- E'R V H,N 
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Dimer 83; 

G^./Vv, Q X9N^,S^/\ xL.w,Q.,^E.r.^Y / N 
I' E' T I s Y L' N 

S-^E '•^,(/ V^S,,/ \ „L. r'Y S'^Y'QY-"E^N"Y / N 
oi 

F-v-N'Q^H'L-c-G^'HY^E'A^^YVG^'R^-'FY''Y-T'p-K''T 

J 

N=N 

.0-

Dimer 84: 

S^E-Q ?VS/VUY'^ir-V7 N 

F'%'Q'H'L^YHi^rAi^LYGrR^F>Ai'p>/T 

G. .V. .S^./Y „U„-Q., xPv 
r *E'~ /'T""l' S"""Y"~~L''EVN'Y ' N 

V^,XK,,,U^G.„,H.,/V^,A,1^,^,/,G,r_,R..„,F,^Y^P..l^T 
F' N H C 3 IT E L L C E G F T K 

0' 

I ^°> 
^—^O^XQ^QV 
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Dimer 85: 

HoN y-r/'xr^'Q V\-/ YLYCVEVVS 
/, 

N 
C' OH 

-V^„CL A. Hs., >A/v._.,A. ^-\Av^vG<_xRvAxFvkl_/Vv_l_xPv.1,x'TN 
H^N^F N >T ^ S' L E "IT Lr C E G F K OH °H t> 
, M"" ^G' V Q C S-| S Y L' N C OH / o=f 

ZG.R. ._„Ys._,-Ps}.A-.. 

121,1 

0 
o 
11 /Is ,.ES / \ X / \ XL ,Q, 

H,N"^e V Q C s-l S Y L-
/EN X A 
' N C OH 

A/v. .Q ,. ,L •G H„. -As.^Ys. .M 
H2N F" H" %C" **$" VE' SLT^ L"" SG' F T" K "OH 

Y 
0 

Dimer 86; 

<W Q \-,^S, / \,U, „Q„^E. s'-"Y LT' "N" Y^/% 

F^N'Q-H'L^G^hUL^E'A^L^L/V^E'R^F-F^T'P-K^R'R 

O" 

/~\ A ,C 
G^V^Q ?sT,S, / N^U^O^E^Y 1 G 

F^N'^H'u6'G^^L^E'A--L^L-v-c/'G^E'R^FV^T'^K^R'R 

a 
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Dimer 87: 

Gs./Vs.^ ^E..„,Y7% r E S Y L N 

F^N'^H'L^^S'HY^E'A^^L-VG^E'R-G'FY^T'P-

V._,S^./V^L-.. .,Q„. ̂ E.,. .^Y7C'N T' I S" Y' Lr" N 

F^N'Q'H'UtG^HY^E'AY^L-V^E'R^FY^T'P-K''T 

Dimer 88: 

H2N YG.rKE.Q/ >.T.Sy VL-,-».L,E-/fN 
o 

o 
X^V^.^Q,,, 1,LSLGWHS>V.,A.1A ,^-VV. /G.^R F. -Y. „P^T H,N F N H C" S L E L L C E G F T K 

H2NyGs|AE,Q/ Y^S^/ \SA.Y.Q.L^E.N.Y7C'N 
o 

0 
A^.., Q„ „U'>-G >YS,/Vv.^G.^R^Fs.A^Ps,,-H-.N F N H C S L E L L X E G F T K 
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Dimer 89: 

H2N^.G.rV.rQ/ V,S/ \ ,L.v,Q.l,E./r» 
o o 

H2N;,-F'V-N-Q'H-L4'G-S-H-L-'V^-A-L-'Y-L"V-C/-G-E-R-G'F 

H!N YG^VC/ yT,sy \,L.Y.Q^N^ °° 
H,N'i''>'V'-M-QH-L"C'G-S-"-L-"V-E-A'L-'Y~L-'y"C'G-t 

Dimer 90: 

/v / \ ^ S-^E-0 ?VSV VS'0^^ ' N 

/v / \ G <J C s / \ L Q E.^Y 

F "V"N 'Q' H ' L "CG "S' H " L/V"E'A - E 
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Dimer 91; 
c 

H2NYGVKE'Q/ VrsV 
0 

0 

H!NAF'V-N-Q'H-Ui'G-S-H-L"V-E-A'L-Y-L''VG'E'R'G-F''F'Y-T-P-K'T 

:0 

/ v A JK H2N 
HjN^G^V-^Q 9-rSY V7 N 

Q0 

H2NAF'^M-Q'H-Ui-G-S-H-L^E-A-L-'Y'-L-V-C/-G-E-R-G-F'-F'Y-T-P-K^ 1=0 

Dimer 93; or 
C; 

°-i'v-rQ/ Yr8-/ VL-V-Q-L'E-N'Y7 N 

F'v^'Q'H'u6'G-s-H-L'-v-E-A-L'-Y-L'-v-c/'G-E-R-G'F>'Y-T-KK-T 

v 0 

S^E-Q/ Vrs-/ VUY'Q^L-E^"Y7"N 
H5N 

5 Dimer 94 
wherein the disulfide linkages between the Cys6 and Cysl l residues of the A-

chain polypeptide and the disulfide linkages between the Cys7 and Cys20 of the A-chain to the 

Cys7 and Cysl9 of the B-chain polypeptide, respectively, are represented by the solid line 

therebetween; wherein the linking moieties are covalently linked to the epsilon amino acid of the 

10 shown lysine residue, wherein the A-chain polypeptide for Dimers 1-40, 42-52, 54-86, and 88-

94 has the amino acid sequence shown in SEQ ID NO:l; the A-chain polypeptide for Dimer 56 

has the amino acid sequence shown for SEQ ID NO:l 1; the B-chain polypeptide for Dimers 1-
17, 21-27, 36, 37, 39-40, and 42-52, 54-82, 84-86, and 88-94 has the amino acid sequence shown 
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in SEQ ID N0:2; the B-chain polypeptide for Dimers 18 and 32-35 has the amino acid 

sequence shown in SEQ ID NO:6; the B-chain polypeptide for Dimers 19 and 83 has the amino 

acid sequence shown in SEQ ID NO:9; the B-chain polypeptide for Dimers 20, 28-31, and 38 

has the amino acid sequence shown in SEQ ID NO: 10; and the A-chain polypeptide and B-chain 

5 polypeptide for Dimers 53 and 87 are SEQ ID NO:7 and SEQ ID NO:8, respectively. 

In another aspect, there is provided an insulin dimer comprising: 

a first B29 or B28 Lys of a first insulin heterodimer molecule having a first A-

chain polypeptide and first B-chain polypeptide and a second B29 or B28 Lys of a second insulin 

heterodimer having a second A-chain polypeptide and second B-chain polypeptide conjugated 

10 together by a bifunctional linker selected from the group consisting Linker 1, Linker 2, Linker 

3, Linker 10, Linker 11, Liner 12, Linker 13, Linker 14, Linker 15, Linker 16, Linker 17, 

Linker 18, Linker 19, Linker 20, Linker 21, Linker 22, Linker 23, Linker 24, Linker 25, 

Linker 26, Linker 27, Linker 28, Linker 29, Linker 30, Linker 31, Linker 32, Linker 33, 

Linker 34, Linker 35, Linker 36, Linker 37, Linker 38, Linker 39, Linker 40, Linker 41, 

15 Linker 42, Linker 43, Linker 44, Linker 45, Linker 46, Linker 47, Linker 48, Linker 49, 

and Linker 50 with the proviso that when the bifunctional linker is Linker 10, Linker 11, 

Linker 12, Linker 13, or Linker 14, at least one of the first or second A-chain or B-chain 

polypeptides is conjugated at its TV-terminal amino acid to a substituent or at least the A^terminal 

amino acids of the first insulin heterodimer molecule are conjugated to a substituent or the N-

20 terminal amino acids of both the first insulin heterodimer and second insulin heterodimer are 

conjugated to a substituent; or 

an insulin receptor partial agonist comprising: 

a first insulin or insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

25 wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; 

wherein the first and second insulin or insulin analog heterodimers are covalently 

linked together through a linking moiety joining the side chain of an amino acid at or near the 

carboxy terminus of the two respective B-chain polypeptides; and 
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optionally wherein the amino terminus of at least one of the A-chain polypeptides 

and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is 

covalently linked to a substituent, 

with the proviso that (1) the linking moiety does not include a disulfide bond and 

(2) when the amino terminus of the A-chain polypeptide and the B-chain polypeptide do not 

include a substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) 

moiety, or a dodecanedioyl (CI2) moiety; or 

an insulin receptor partial agonist comprising the formula 

D^L-D2 

wherein D1 and D2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; 

L is a linking moiety wherein one end of the linker moiety is attached to an amino 

acid residue at or near the carboxyl group of D1 and the other end of the linker moiety is attached 

to an amino acid residue at or near the carboxyl end of D with the proviso that L does not 

include a disulfide linkage; and 

optionally, wherein at least one of D1 or D2 includes a substituent attached to the 
1 2 amino terminus of the A-chain polypeptide or the B-chain polypeptide of D or D ; 

with the proviso that (1) the linking moiety does not include a disulfide bond and 

(2) when the insulin or insulin analog is not a human insulin or insulin analog and the amino 

terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent 

then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioyl 

(C12) moiety; or 

an insulin analog dimer comprising: 

a first insulin analog heterodimer and a second insulin or insulin analog 

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide, 

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through 

interchain disulfide bonds; 
wherein the first and second insulin or insulin analog heterodimers are covalently 

linked together through a linking moiety joining the side chain of an amino acid at or near the 

carboxy terminus of the two respective B-chain polypeptides; 
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wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30 

insulin, and insulin glargine; and 

optionally wherein the amino terminus of at least one of the A-chain polypeptides 

and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is 

covalently linked to a substituent, 

with the proviso that the linking moiety does not include a disulfide bond; or 

an insulin analog dimer comprising the formula 

D]-L-D2 

wherein D1 and D2 are each independently an insulin or insulin analog 

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain 

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; 

Lisa linking moiety wherein one end of the linker moiety is attached to an amino 

acid residue at or near the carboxyl group of D1 and the other end of the linker moiety is attached 

to an amino acid residue residue at or near the carboxyl end of D2 with the proviso that L does 

not include a disulfide linkage; 
wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30 

insulin, and insulin glargine; and 
optionally, wherein at least one of D1 or D2 includes a substituent attached to the 

• * 1 2 amino terminus of the A-chain polypeptide or the B-chain polypeptide of D or D ; 

with the proviso that the linking moiety does not include a disulfide bond. 

In another aspect, there is provided compositions comprising any one of the 

insulin receptor partial agonists disclosed herein and a pharmaceutically acceptable salt. 

In another aspect, there is provided a composition comprising one or more 

compounds as disclosed herein or the insulin dimer as disclosed herein and a pharmaceutical^ 

acceptable carrier. 

The present disclosure provides a method for treating diabetes comprising 

administering to an individual with diabetes a therapeutically effective amount of a composition 

comprising any one of the aforementioned insulin receptor partial agonists. In particular 

embodiments the diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes. 
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In another aspect, there is provided a composition as disclosed herein for use in 

the treatment of diabetes. 

The present disclosure provides for the use of a composition for the treatment of 

diabetes comprising any one of the aforementioned insulin receptor partial agonists. In 

5 particular embodiments the diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes. 
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The present disclosure provides for the use of any one of the insulin receptor 

partial agonists disclosed herein for the manufacture of a medicament for the treatment of 

diabetes. In another aspect, there is provided use of a composition as disclosed herein for the 

manufacture of a medicament for the treatment of diabetes. In particular embodiments the 

5 diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes, 

Definitions 

Insulin - as used herein, the term means the active principle of the pancreas that 

affects the metabolism of carbohydrates in the animal body and which is of value in the 

10 treatment of diabetes mellitus. The term includes synthetic and biotechnologically derived 

products that are the same as, or similar to, naturally occurring insulins in structure, use, and 

intended effect and are of value in the treatment of diabetes mellitus. The term is a generic term 

that designates the 51 amino acid heterodimer comprising the A-chain peptide having the amino 

acid sequence shown in SEQ ID NO: I and the B-chain peptide having the amino acid sequence 

15 shown in SEQ ID NO: 2, wherein the cysteine residues a positions 6 and 11 of the A chain are 

linked in a disulfide bond, the cysteine residues at position 7 of the A chain and position 7 of the 

B chain are linked in a disulfide bond, and the cysteine residues at position 20 of the A chain and 

19 of the B chain are linked in a disulfide bond. 

Insulin analog or analogue - the term as used herein includes any heterodimer 

20 analogue or single-chain analogue that comprises one or more modification(s) of the native A-

chain peptide and/or B-chain peptide. Modifications include but are not limited to substituting 

an amino acid for the native amino acid at a position selected from A4, A5? A8, A9, AI0, A12, 

AI3> A14, A15, A16, A17, A18, A19, A21, Bl, B2, B3, B4, B5, B9, BIO, B13, B14, B15, B16, 

B17, B18, B20, B21? B22, B23, B26, B27, B28, B29, and B30; deleting any or all of positions Bl-4 

25 and B26-30; or conjugating directly or by a polymeric or non-polymeric linker one or more acyl, 

polyethylglycine (PEG), or saccharide moiety (moieties); or any combination thereof. As 

exemplified by the jV-linked glycosylated insulin analogues disclosed herein, the term further 

includes any insulin heterodimer and single-chain analogue that has been modified to have at least 

one iV-linked glycosylation site and in particular, embodiments in which the jV-linked glycosylation 

30 site is linked to or occupied by an iV-glycan. Examples of insulin analogues include but are not 

limited to the heterodimer and single-chain analogues disclosed in published international application 

W020100080606, W02009/099763, and W02010080609, the 
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