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CLAIMS

We claim:

1. A comjugate comprisig a drug and 2 hgand meluding a first saccharide; wherein the
conjugate is characterized in that, when the conjugate is administered to a mammal, at leagf one
pharmacokinetic or pharmacodynamic property of the conjugate 18 sensitive to scrum

concentration of a second saccharide,

2. The conjugate of claim 1, wherein the second saccharide is glucose.
3. The conjugate of claim 1, wherein the second saccharide is manos
4. The conjugate of claim 1, wherein the second saccharidgis L-fucose.
5. The conjugate of claim 1, wherein the second sacgharide is N-acetyl ghucosamine.

6. The conjugate of claim 1, wherein the secgid saccharide is alpha~-methyl mannose.

7. The conjugate of claim 1. wherein th¢ molecular weight of the conjugate absent the drug
is less than about 10,000 Da.

g, The conjugate of claim 1, #herein the molecular weight of the conjugete absent the drug
ig in the range of about 250 1o gbout 5,000 Da.

9. The conjugate ofclaim 1, wherein the molecular weight of the conjugate absent the dmug
is in the range of abotit 200 to about 2,000 Da.
16, The con
drug 18 lesythan sbout 20,060 Da.

fjugate of claim I, wherein the molecular weight of the conjugate including the

L/ The conjugate of claim 1, wherein the molecular weight of the conjugate including the

¢ 15 in the range of about 2,000 to about 18,000 Da.

12, The conjugate of claim 1, wherein the molecular weight of the conjugate including the

drug i¢ in the range of about 6,500 to about 8,000 Da,
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13, The conjugate of claim 1, wherein the conjugate has a unique molecular weight.
14, The conjugate of claim 1, wherein the conjugate has a substantially different serum

concentration curve under fasted and hyperglycemic conditions.

15, The conjugate of claim 14, wherein the hyperglycemic condifions are induced

concurrent administration of conjugate and glucose to the mammal,

16, The conjugate of clamm 14, wherein the conjugate has a serum Chax that 1s higher under
hyperglycemic conditions as compared to fasted conditions.

17, The comjugate of claim 14, wherein the conjugate has a serpfn AUC that is higher under
hyperglycemic conditions as compared to fasted conditions.
18, The conjugate of claim 14, wherein the conjugate/has a serum climination rate that is
slower under hyperglycemic conditions as compared $6 fasted conditions.

19, The conjugate of claim 14, wherein the £onjugate hag a serum concentration curve that
can be fit using a two-compartment bi-expodential model with one short and one long half-life
and the long half-life is longer under hypéralycemic condifions as compared to fasted conditions,
24. The conjugate of any onc gt claims 14-19, wherein the fasted conditions involve a serum
ghucose Cu of less than 100 pfe/di.

21.  The comjugate of/any one of claims 14-19, wherein the hyperglvcemic conditions involve
a serum glucose Cyen excess of 200 mg/dL.

22, The cofijugate of claim |, wherein the conjugate has a serum concentration curve that is
substantial} different at 100 and 300 mg/dL ghucose.

The conjugate of claim 22, wherein the conjugate has a Cy,.. that is higher at 300 mg/dL

Fucose than at 100 mg/dL glucose.

24, The conjugate of claim 23, wherein the Cia. of the conjugate is at least 50% higher at
300 my/di glucose.
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25, The conjugate of ¢laim 22, wherein the conjugate has an AUC that 1s higher at 300

mg/dl ghucose than at 100 mg/dL glucose.

26, The conjugate of claim 25, wherem the AUC of the conjugate is at least 50% higher

300 mg/dL glucose.

27.  The conjugate of claim 22, wherein the conjugate has a serum elimination ryfe that is

faster at 100 mg/dL. glucose than at 300 mg/dL glucose,

28, The conjugate of claim 27, wherein the serum elimination rate of e conjugate 18 at least
25% faster at 100 mg/dL glucose.

29, The conjugate of claim 22, wheremn the serum concentragtion curve of the conjugate can
be fit using a two-compartment bi-exponential model with gfe short and one long half-life and
the long half-life 15 longer at 300 mg/dL.

30, The conjugate of claim 29, wherein the logg half-life is at least 50% longer at 300 mg/dL

glucose.
¥ M M - . . M . R —— . 3
31. The conjugate of claim 1, where the conjugate and an unconjugated version of the drug

have serum concentration curves thajdre substantially the same under hypergiycemic conditions,
32, The conjugate of claimA, wherein the conjugate and an unconjugated version of the drug
have serum concentration girves that arc substantially different uader fasted conditions.

33, The conjugatf of claim 1, wherein the conjugate and an unconjugated version of the drug
have serum concghitration curves that are substantially the same under hyperglycemic conditions
and substantighly different under fasted conditions.

he conjugate of any one of claims 31-33, wherein the fasted conditions involve a serum

$¢ Cuy oF less than 100 me/dL.

The conjugate of any one of claims 31-33, wherein the hyperglycemic conditions invelve

a serum glucose Cuax i excess of 200 mg/dL.
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36.  The conjugate of claim 1, wherein the conjugate has lower bisactivity under fasted

conditions as compared to hyperglycemic conditions.

37.  The conjugate of claim 36, wherein the fasted conditions involve a serum glucese C,

legs than 100 mg/dL.

38, The conjugate of claim 36, wherein the hyperglycemic conditions involve a4erum
glucose Chuy In excess of 200 mg/dl..
39.  The conjugate of claim 1, wherein the conjugate has lower bioactifity at 100 mg/dL

glucose than 300 myg/dL glucose.

40.  The conjugate of claim 39, wherein the bioactivity of the/conjugate is at least 25% higher

at 300 mg/dL glucose.

41, The conjugate of any one of claims 1-40, whepéin the mammal is a human, dog, cat, rat,

Or minipig.
47, The conjugate of any one of claims J-40, whereir the mammal is a human,

43, The conjugate of claim 1, whefein the drug is an anti-diabetic drug.

44 The conjugate of claimA, wherein the drug is an msulin sensitizer.

45, The conjugate ofclaim 1, wherein the drug is an insulin secretatogue.

46, The conjyfate of claim 1, wherein the drug is insulin-type growth factor 1 (JGF-1}.

47, Thy/conjugate of claim 1, wherein the drug s an insulin molecule.

48. / The conjugate of claim 47, wherein the insulin molecule is selected from the group

nsisting of human insulin, porcine insulin, and bovine insulin.

49 The conjugate of claim 47, wherein the insulin molecule is selected from the group
consisting of insulin lispro, insulin aspart and insulin ghubisine,
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50, The conjugate of claim 47, wherein the insulin molecule is insulin glargine or insulin
detemir,
51 The conjugate of claim 47, wherein the insulin molecule includes three disulfide bridgés.

52, The conjugate of claim 47, wherein the insulin molecule is conjugated via the
acid residue.

53.  The conjugate of claim 47, wherein the insulin molecule is conjugated via the B1 amino
acid residue.

54, The conjugate of claim 47, wherem the insulin molecule is gonjugated via the epsilon-

. ~ B2
amine group of Lys™.

55.  The conjugate of claim 47, wherein the insulin mgfiecule 15 msulin glulisine conjugated

via the epsiion-amino group of Lys™?.
56, The conjugate of claim 47, wherein the Msulin molecule s truncated.

57.  The conjugate of claim 36, wherp

B30)-insulin, des(B27)-insulin, des{l¥

n the insulin molecule is des(B30)-insulin, des(B28-
J-insulin, or des(B 1-B3)-insulin.
S8 The conjugate of claimy47, wherein conjugation resulty in decreased insulin receptor

affinity in vitro as comparcd to wild-type human insulin,

59, The conjugatgof claim 47, wherein the insulin molecule is conjugated via the A3, A4,

A% AR, A9, or BA0 amimo aaid residue.

60,  Th¢/conjugate of claim 47, wherein the insulin molecule is conjugated via the Al amino

s7due and the epsilon-amino group of Lys®?.

The conjugate of claim 1, wherein the conjugate includes a single ligand.

62.  The conjugate of claim 1, wherein the conjugate includes at least two separate ligands

each of which includes a saccharide.
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63, The conjugate of claim 1, wherein the conjugate includes two separate ligands each of

which includes a saccharide,

64.  The conjugate of claim 1, wherein the conjugate includes three separate higands each

which includes a saccharide.

63, The conjugate of claim !, wherein the conjugate includes four separate ligapfls each of

which includes a saccharide.

66.  The conjugate of claim 1, wherein the conjugate inchudes five sepgtate ligands each of
which includes a saccharide.

67.  The conjugate of any onc of claims 62-66, wherein the séparate ligands are the same.

68, The conjugate of claim 62, wherein the at least tw separate ligands are conjugated to the

drug via different conjugation points,

65, The conjugate of claim 62, wherein the At least twe separate ligands are conjugated to a

single conjugate framework that is also conyigated to the drug.

70.  The conjugate of claim 62, wittrein the at least two separate ligands and drug are cach
located on a separate branch of a pranched conjugate framework.
71, The conjugate of clpdm 70, wherein the at least two separate ligands and drog are cach
located on termini of separate branches of a branched conjugate framework.

72.  The conjyfate of claim 78, wherein the conjugate framework is hyperbranched.

73, The'conjugate of claim 62, wherein the conjugate framework 18 non-polymeric.

74. /° The conpugate of claim 1, wherein the Hgand includes a first saccharide sclected from the

oup consisting of glucose, mannose and L-fucose.

75, The conjugate of claim 1, wherein the ligand includes a first saccharide selected from the

group consisting of mannosarmine and beta-linked N-acetyl mannosamine.

185




10

b2
LA

W SUTORE YT PR IOTHO22EGE

76.  The conjugate of claim 1, wherein the ligand includes a first saccharide selected from the
group consisting of methylglucose, methylmannose, ethylglucose, ethylmannose, propylglucose

and propyimannose.

77.  The conjugate of claim 1, wherein the ligand includes alpha-L-fucopyranoside.

78.  The conjugate of ¢laim 1, wherein the ligand includes & bimannose.
79, The conjugate of claim 1, wherein the ligand includes a trimannose.

&0.  The conjugate of claim 1, wherein the ligand includes a linear #imannose.
81.  The conjugate of clatm 1, wherein the ligand includes afranched trimannose.

%2.  The conjugate of claim 1, wherein the Hgand inclgdes a first saccharide and an amine

group.

83.  The conjugate of claim 82, whersin the first saccharide and amine group are separated by

a C;-Cs alkyl group.

%4.  The conjugate of claim |, whefein the ligand is of formula (11la) or {11Tb):

R1 O F{1

wherein:

ach G is independently a covalent bond or an optionally substituted €. alicylene, wherein one

or more methylene units of G is optionally replaced by —0O—, —5—, “N(R®Y =, =C(0) -, ~

, “N(RHISO-, or ~N(RH)SO,N(R) -,
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each Z is independently halogen, —N(R),, ~OR?, ~SR?, ~Ns, ~C=CR?, ~COR”, <C(OIR’, or —
OSO,R*, and
ecach R” is independently hydrogen or an optionally substituted eroup selected from Cis
aliphatic, phenyl, a 4«7 membered heterocyclic ring having 1-2 heteroatoms selected fron
5 nitrogen, oxygen, or sulfur, or a 5-6 membered monocyclic heteroaryl ring having 1-4
heterpatoms selected from nitrogen, oxygen, or sulfor,

with the proviso that the ligand comprises no more than a total of four monosacchaplde moieties.

85, The conjugate of claim 84, wherein Rbis hydrogen, -OH, -NHC(OYCH,, -0-Y, -G-Z, -
10 CH0H, -CH2-0-Y, or =NH,.

86.  The conjugate of claim &4, wherein R is hydrogen, -OH, op~0-Y.

87, The conjugate of claim 84, wherein RY is hydrogen, : —C{O}R% or acetyl.

15
88, The conjugate of claim 84, wherein Y is a moposaccharide.
89, The conjugate of claim 88, wherein Y i¥mannose, glucose, fructose, galactose,
rhammose, or xylopyranose.
20
906, The conjugate of claim 88, wherein Y 1s mannose.
91, The conjugate of claim/AR, whercin Y 1s D-mannosc,
25 92, The conjugate ofclaim 84, wherein Y is a disaccharide.
93. The comygate of claim 92, wherein Y is sucrose, maltose, turanose, trehalose, cellobiose,

or lactose,

he conjugate of claim 84, wherein G s a covalent bond.

The conjugate of claim 84, wherein G s —=0-C 5 alkylene,

The coniugate of claim 95, wherein G 18 -OCHCH>—
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97.  The conjugate of claim 84, wherein 7 is —=N(R?),, -OR?, or —=SR?,
58.  The conjugate of claim 97, wherein £ is -SH.

99, The conjugate of claim 97, wherein Z 15 -NH;.

100,  The conjugate of claim 84, wherein —G-Z is ~OCHCH,NH,.

101, The conjugate of claim 84, wherein the ligand 15 of formula (1Ha-7):

103, The conjugate of claim I, ¥heremn the ligand includes aminocthylghacose (AEG),

aminocthylmanneose (AEM), apiinoethylbimannose (AEBM} or aminocthyltrimannose (AETM),

104. The conjugate ofclaim 1, wherein the ligand includes aminocthylirimannose (AETM).

165,  The conjugate of claim 1, wherein the conjugate includes two or three separate ligands

each of whichMmchides aminoethyitrimannose (AETM).

106. he conjugate of any one of the preceding claims, wherein the ligand includes & first
sacciaride that ig conjugated vie an anomeric carbon.

7. The conjugate of claim 106, wherein the anomeric carbon is an alpha anomer.

108,  The conjugate of claim 106, wherein the saccharide 1s indirectly conjugated to the drug

via 2 conjugate framework,

188




WO ITTaSE ST PET TSI TOM 258

109.  The conjugate of any one of the preceding claims, wherein the conjugate has the general

formula (11}

|
5 wherein,

(&)

each ocourrence of L } represents a potential branch withdn the conjugate;

) . | |
each occurrence of ( represents a potential repeat within a branch of the conjugate;

each occurrence of is independently a covalent bgnd, a carbon atom, a heteroatom, or an
optionally substituted group selected from theLroup consisting of acyl, aliphatic,
16 heteroaliphatic, aryl, heteroaryl, and hetergéyclic;
each cccurrence of T is independently a coyhlent bond or a bivalent, straight or branched,
saturated or unsaturated, optionally gbstituted C, 3 hydrocarbon chain wherein one or
more methylene units of T are o
(O, ~C(OYG-, -GCOY-, - DARYC(O-, -CLOIN(R)-, -5(0)-, -S{O}p-, -MRISO:-,

15 -S05N(R)-, a heteroeyclicgroup, an aryl group, or a heteroary! group;

o

flonally and independently replaced by -Q-, -8-, -N{(R)-,

each occurrence of R is mgépendently hvdrogen, a suitable protecting group, or an acy!

moiety, arylalkyl mgicty, aliphatic moiety, aryl moilety, heteroaryl moiety, or

ach occurrence of W is independently a drug;

each occurrence of L” is independently a covalent bend or a group derived from the covalent
conjugation of a T with a W,

k is an integer from 1 to 12, inclusive;

i is an integer from 1 to 4, inclusive;
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cach occurrence of p 1s independently an integer from. 1 to 5, inclusive; and
cach oceurrence of n is independently an integer from § to 5, inclusive; and
each occurrence of m is independently an integer from 1 to 5, inclusive; and

cach occurrence of v is independently an integer from 0 to 5, inclusive, with the proviso tfat

5 within each k-branch at least one occurrence of nis > 1 and at least one occurrency/of v is
=1
110.  The conjugate of ¢laim 109, wherein cach occurrence of T outside groupd B and D is a
covalent bond and the conjugate 1s of the formula (V)
(Bl
10
15

26 113, The copjugate of ¢laim 109, whereink =2 and j = 2.

he conjugate of claim 109, wherein k=3 and j = 2.

1¥5.  The conjugate of any onc of the preceding claims, wherein the conjugate has the general

formuda {I):

194




10

15

25

W SIS rTE PCTHTS 20 TOr02 2268

wherein:

(a4)

each occurrence of represents a potential branch within the cofijugate;

!
cach occurrence of (@_T/ represents & potential repeat within a ranch of the conjugate;

|
each ocourrence of E} is independently a covalent bond, & cagbon atom, a hetercatom, or an

optionally substituted group selected from the group cofsisting of acyl, alipharic,
heteroaliphatic, aryl, heteroaryl, and heterocychic;

each oceurrence of T is independently a covalent bodd or a bivalent, straight or branched,
saturated or unsaturated, optionally substitutgd C, 3 hydrocarbon chain wherein one or
more methylene units of T are optionally #d independently replaced by -O-, -8-, -N(R)-,
-CLO)-, -C{OHYO-, -CC(O)-, -NERYC(OK, -CIOMN(R)-, -S(0)-, -5(0)z-, -NR)SO,-,
-505M(R)-, a heterocyclic group, ayfaryl group, or a heteroaryl group,

each occurrence of R is independendy hydrogen, a suitable protecting group, or an acyl

moiety, arylaikyl moiety, alighatic moiety, aryl moiety, hetercaryl moiety, or

heteroaliphatic moiety,

each ofeurrence of L” is independently a covalent bond or a group derived from the covalent
conjugation of & T with a W,

© 18 an integer from 1 to 12, inclusive,

g it an integer from 1 to 4, inclusive;

each occurrence of p is independently an integer from 1 to 5, inclusive; and

each occurrence of 1 is independently an integer from 0 to 5, inclusive; and

each occurrence of m 1s independently an integer from 1 to 5, inclusive; and
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each occurrence of v 1s independently an integer from 0 to 5, inclusive, with the proviso that

within each k-branch at least one occurrence of 1118 = 1 and at least one occurrence of v is

= 1.

5 116. The conjugate of claim 115, wherein each occurrence of in a p-bracketed moj

substituted by & number of n-bracketed moictics corresponding to a value of n > 1.

117.  The conjugate of claim 116, wherein k = 2 and p = 2 in both k-branchey/and the

conjugate is of the formula (la):
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120.  The conjugate of claim 115, wherein each occurrence of @ in an me-bracketed moiety s

substituted by a number of B moieties corresponding to the value of v = .

i21.  The conjugate of ctaim 128, wherein k =2, each occurrence of p =1, and each

5 occwrrence of m =2 and the conjugate is of the formula {(Ic);

B\ Bl
{TT'T\E/{D)Q
[TT- 7
®, @,

Ic

122

The conjugate of claim 115, wherein only terminal g€currences of in an m-bracketed

10 moicty are substituted by a number of B moicfies corresponding fo a value of v > 1.

123, The conjugate of claim 122, wherein k = Jfeach occurrence of p = 1, cach occurrence of
m =2, v =0 for the firgt m-bracketed moeity i'each n-branch and the conjugate is of the

formula (Id):

15
id
124,  The conjughte of claim 123, wherein g =1 and n = 1 in both k-branches and the conjugate

is of the formuld (le):

V@)T%TTD
By TAFTA-T—AT

ie
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125.  The conjugate of claim 123, wherein q =1 and n =2 in both k-branches and the conjugate

is of the formula (If): |
V(B)YT
V<8>~@—T*@—TT>E,D
V(B)TTT
BAATTAFT

I

126, The conjugate of claim 1135, whercin cach occurrence of = iun optionally substituted
group selected from the group consisting of acyl, aliphatic, heteroghiphatic, aryl, heteroaryl, and

heterocyelic.
127, The conugate of claim 115, wherein cach occuprence of Al is the same,

128,  The conjugate of claim 115, wherein the/Central 18 different from all other

occurrences of .

129, The conjugate of claim 128 Avherein all occurrences of are the same except for the

central )

136, The comjugate of claim 115, wherem (Al 1§ an optionally substifuted aryl or heteroaryl

group. |

131, The gOnjugate of claim 130, wherein is 6-membered aryl.

132,/ The conjugate of claim 131, wherein is phenyl,

The conjugate of clamm 1135, wherem is a heteroatom selected from N, O, or S,

. . - . .
The conjugate of claim 115, wherein [A] is a nitrogen atom.
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135, The conjugate of claim 115, wherem 1§ a carbon atom.

136.  The conjugate of claim 115, wherein each occurrence of T 15 independently a bivalent,
straight or branched, saturated or unsaturated, optionally substituted (.20 hydrocarbon chai
wherein one or more methylene units of T are optionally and independently replaced by
—S—, ~N{R}—, ~C{O}-, (OO0, ~OL(O3~, ~N{R)YC(O)—, ~CLOMN(R -, =5{0)—, —S(Or

—N{RISO,~, =8O N{R)~, a heterocyelic group, an aryl group, or a heteroaryl grougp.

I

137,  The conjugate of claim 136, wherein one, two, three, four, or five nfthylene units of T
are optionally and independently replaced.

138.  The conjugate of claim 136, wherein T is constructed fronya Crag hydrocarbon chain
wherein one or more methylene units of T are optionally and idependently replaced by ~O-,
G, ~N(R Y-, ~C(O ), ~C{HO—, “OC{O)—, =NRY(O)=, »C(OINR)—, -S(O)—, —S{O)p~,
~N{RISO—, ~SO;N(R -, & heterocyelic group, an aryt gfoup, or a heteroaryl group.

139, The conjugate of claim 136, wherein one #r more methyiens units of T is replaced by a
heterocyclic group.
!

140,  The conjugate of claim 136, wherein one or more methylene units of T is replaced by a

triazole moiety.

141, The conjugate of claiy
~C{O.

136, wherein one or more methylene units of T is replaced by

142, The conjuggfe of claim 136, wherein one or more methylene units of T 18 replaced by

~C{OMNER)-.

¢ conjugate of claim 136, wherein one or more methyiene units of T 1s replaced by

M
44, The conjugate of claim 136, wherein T 18 A 5’{

O
©

145, The conjugate of claim 136, wherein T is
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The conjugate of ¢laim 136, wherein T is

G
The conjugate of claim 136, wherein T is :?Fx\)}\fi

O
‘“f\/H\HN\/I*?{

The conjugate of claim 136, wherein T is

G
The conjugate of ¢laim 136 wherein T is :L{\O/\)Lf{ /

The conjugate of claim 136, wherein each occurrende of T is the same,

The conjugate of claim 136, wherein each oglurrence of T outside groups Band D 15 2

covalent bond and the conjugate s of the formuly (TVY:

146,
147,
5 148,
149
150.

10
151,

i5

&’
152

20

The conjugate of claim 152, whereink =1 and g = L.

The conjugate of claim 152, wherein k=2 and g = 1.
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155, The conjugate of claim 152, whereink =3 and g = 1.

156.  The conjugate of claim 154, wherein the conjugate is of the formula (Via):

B [ T [&]
/
B
3 Via
157,  The conjugate of claim 156, wherein the conjugate is of the formula Vla-1)
10
15

60.  The conjugate of claim 154, wherein the conjugate is of the formula (Vib)

187
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Vib

161, The conjugate of claim 160, wherein the conjugate is of the formula (VIb-1):

Vib-1

Cthe formula (VIb-2):

The conjugate of claim 160, wherein the conjugate is
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164, The conjugate of claim 160G, wherein the conjugate is of the formula (Vib-4):

X—HNH

0

Wi

Qhw o §

o ey
>\_/ ! 1

MH

5

The conjugate of claim 160, wherein the conjugate is of the formula (VIb-7)
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4 Lo
\
K
M
O
N
Hﬁ €3 o
H ]
g w
[ i
é} H
M
g
O
H
o
7
X O

VIib-7

168.  The conjugate of claim 155, wherein the conjugate is of the formula (Vich:
B D

5 B B
Vie
169, The conjugate of claim 168, wherein the pbnjugate is of the formula (Vie-1%

W
[y

10

The conjugaié of claim 168, wheremn the conjugate is of the formula (Vie-2)

W
NH
NH

X 0 0
HNJ&M /—/)
X
o 0
Hﬁ(ﬂ x\»
X o ¢ X
Vie-2
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171, The conjugate of claim 115, wherein at least one of L® and L is a covalent bond.

172.  The conjugate of claim 115, wherein at Jeast one of L® and L is an optionally substitute
moiety derived from conjugating an optionally substituted carbonyl-reactive, thiol-reactive,

aming-reactive, or hydroxyl-reactive moiety of T with a carboxyl, thiol, amine, or hydrox;

group of X or W,

173, The conjugate of claim 115, wherein at least one of 1F and LY is an optigt

ally substituted

maiety derived from conjugating an optionally substituted carboxyl-reactive Ahiol-reactive,

amine-reactive, or hydroxyl-reactive moiety of X or W with a carboxyl, tifiol, amine, or hydroxyl

group of T.

i

174.  The conjugate of claim 172, wherein at least one of L” agd L is }t’wgwﬂd.

175.  The conjugate of claim 172, wherein at least one

176.  The conjugate of claim 115, wherein k - g #

177, The conjugate of claim 176, wherei

178, The conjugate of claim 113,

‘LP and L is a suceinimide moicty.

Can integer from 2 to 6, inclusive.

+gis2, 3Jord

herein each occurrence of pis 1, 2 or 3.

179, The conjugate of claim A'15, wherein each ococurrence of p s 1.

180. The conjugatec o

laim 113, wherein each occurrence of p is the same.

181, The conjugate of claim 115, wherein each occumrence ofmis 1, 2 or 3.

onjugate of claim 115, wherein each occurrence of m iy 1.

The conjugate of claim 115, wherein each occurrence of m is the same.

184,  The conjugate of any onc of claims 109-183, wherein cach occurrence of X is u ligand

that mchudes aminocthyiglucose (AEG), aminocthylmannosc (AEM), aminocthylbimannose

(ABEBM) or aminocthylirrmannose (AETM).

2




WO IUTIESS YT PETATR O T268

185, The conjugate of any one of claims 109-183, wherein cach occurrence of X is a ligand

that includes aminoethyltrimannose (AETM).
186.  The conjugate of claim 185, wherein W is an msulin molecule.

187.  The conjugate of claim 186, wherein the insulin molecule is conjugated via the/Al amino

acid residue.

188, The conjugate of claim 186, wherein the insulin molecule is conjugat#d via the Bl amimo

10 acid residue.

186, The conjugate of claim 186, wherein the insulin molecule igconjugated via the epsilon-

- =iel
amino group of Lys™>.

15 190. The conjugate of claim 186, wherein the insulin molecule is insulin glulisine conjugated
. - . 2
via the epsilon-amino group of Lys™.
191, The conjugate of claim 115, wherein egéh occurrence of X is aminoethyltrimannose
(AETM) conjugated to the conjugate frameyork via an alpha anomeric carbon; and W is an
20 insulin molecule conjugated to the conjyfate framework via the epsilon-amino group of Lysg"g.

192, A conjugate of formula (Via)

BWD

s

B

Via

~8 15

each occurrence of X is independently a ligand that includes a saccharide;

hch occurrence of L is independently a covalent bond or a group derived from the cavalent
conjugation of a T with an X;

D g -T-LP-w,

W is a drug;

242
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each occurrence of L7 is ndependently a covalent bond or a group derived from the covalent
conjugation ofa T witha W,

each occurrence of T is independently a covalent bond or a bivalent, straight or branched,
saturated or unsaturated, optionally substituted C, sy hydrocarbon chain wherein one
mere methyiene units of T are optionally and independently replaced by -O-, -S-, JN(R)-,
~C(OY, ~-CLOY0-, -OCO)-, -N(R)Y{(O}-, -CIOINR ), -S(0)-, -S{O ), -NR)STH-,
~S0,N{R)~, a heterocvelic group, an aryl group, or a heteroaryl group; and

each occurrence of R 18 mdependently bydrogen, a suitable protecting group/or an acyl
moiety, arylatky! moiety, aliphatic moicty, aryl moiety, heteroaryl mplety, or

heteroaliphatic moiety.

The compugate of claim 192, wherein the conjugate is of theAormula (Via-1):

A conjugate of formula (VIb):
203




10

15

197.

TOrZOTHIORR IS PCEORZOIOM 22268

Vib
wherein:
B is -T-1LM-X;
each occurrence of X is independently a ligand that inciudes a saccharide:
each occurrence of LY is independently a covalent bond or a group derived frofn the covalent
conjugation of a T with an X
~D is -T-L”-W;
Wis adrug,
each occurrence of L” is independently a covalent bond or a gropp derived from the covalent
conjugation of a T with a W,
cach occurrence of T is independently a covalent bond or # bivalent, straight or branched,
saturated or unsaturated, optionally substituted C, 4 hydrocarbon chain wherein one or
more methylene units of T are optionally and igdependently replaced by -O-, -S-, -N{R}-,
-C{Oy-, -CLON0-, OO, -NRYC(O)-, -CHEN(RY-, -S{0)-, -S{0)r-, -N{RISO,-,
-SON(R}-, & heterocyclic group, an aryl Aroup, or a heteroary! group; and
cach oceurrence of R is mdependently hydrogen, a suitable protecting group, or an acyi
moicty, arylalikyl moicty, aliphatig/moicty, aryl moiety, heteroaryl moiety, or
heteroaliphatic motety,

The conjugate of claim Y96, wherein the conjugate is of the formula (VIb-1}:

The conjugate of claim 196, wherein the conjugate is of the formula (Vib-2):

4
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Vib-2

The conjugate of claim 196, wherein the conjugate is of the fopfiula (VIb-3):

Vib-4

201, The conjugate of claim 196, wherein the conjugate is of the formula (VIb-5)

2685
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VIih-5

202.  The conjugate of claim 196, wherein the conjugate is of the formul;

203, The conjugate of claim 196, whereiy

o
N
Jﬁ . :
/j\/?‘E \AN’W
M
N\Tﬁ
8]

10
Vib-7

A conjugate of formule (Vic)

266
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B D
%Xﬁ .
Vic
wherein:
“Bis -T-L*-X;
5 cach occurrence of X is independently a ligand that includes a saccharide;

cach occurrence of L% is independently a covalent bond or a group derived from the covalent
conjugation of a T with an X;

“Dis -T-LP-W;

W is a drug;
10 each occurrence of L” is independently a covalent bond or a gropp derived from the covalent

conjugation of & T with a W,

each occurrence of T is independently a covalent bond or # bivalent, straight or branched,
saturated or unsaturated, optionally substituted C,_f hiydrecarbon chain wherein onc or
more methylenc units of T are optionally and i

15 (O, -C(OYO-, -OC(O)-, -N(RYC(O)-, -C

ependently replaced by ~O-, <5+, “N(R -,

IN(R)-, -S(0)-, -5(0 ), -N(R)SO-,

-SO;N(R}-, a heterocyclic group, an aryl group, or a heteroaryi group; and

cach occurrence of R is independently hydrogen, a suitable protecting group, or an acyl
moisty, arylallyl moiety, aliphatic/notety, aryl moiety, heteroaryl moiety, or

hetercaliphatic moiety.

The conjugate of claim 204, wherein the conjugate is of the formula (Vie-1):

The conjugate of claim 204, wherein the conjugate is of the formula (Vie-2):

207
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207, The conjugate of claim 192, 196 or 204, wherein each occurrence

x\

H

H
%

X

PCTIUB 2002208

o W
/J_)*NH
o
)
HNH
o X

Vie-2

T is independently a

bivalent, straight or branched, saturated or unsaturated, optionally subs#ituted Cy.pp hydrocarbon

chain wherein one or more methylene units of T are optionally and shdependently replaced by
=0, =8, “N{R)~, ~C(O)-, ~C(O)0-, ~OC(O)-, ~N(R)C(O}-, A(OINR )=, ~5(0)-, ~5{0),
=N{R)ISOo—, ~SO;N(R ), a heterocyclic group, an aryl group/or a heferoaryl group.

20%.  The conjugate of claim 207, wherein one, twoAhree, four, or five methylene units of T

arc optionally and independently replaced.

209, The conjugate of claim 207, wherein/l' is constructed from a C;.40 hydrocarbon cham

wherein one or more methylene units of P are optionally and independently replaced by -O—,
~8—, “N(R )=, (O}, ~CLOYO—, 00—, NRIC{O)—, —CLOMNR Y-, =50, ~5{(O ),

~N(RISOy—, ~SON{R ), a heteroggchic group, an aryl group, or a heteroaryl group.

210.  The conjugate of clax

heterocyclic group.

1 207, wherein one or more methylene units of T is replaced by a

211, The conjughte of claim 207, wherein one or more methylene units of T s replaced by &

iriazole molety

212, ¢ conjugate of claim 207, wherem one or more methylene units of T 1s replaced by

213, The conjugate of claim 207, wherein one or more methylene units of T is replaced by

_C{OYN(R)-

208
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214, The conjugate of claim 207, wherein one or more methylene unity of T is replaced by
~0O

G
215, The conjugate of claim 207, wherein T is :L"f&;f‘

O
N .

5 216, The conjugate of claim 207, wherein T 1s

5l

N
. : oo H
217, The conjugate of claim 207, wherein T is

O
218, The conjugate of claim 207, wherein T is ?HJ\)J\SF?*
10

220.  The conjugate of claim 207

b

222, The conjugate of claim 192, 196 or 204, whercin at least one of L” and L is a covalent

bond.
20 223 The cphjugate of claim 192, 196 or 204, wherein at least one of LR and 1P is an

aptionally Aubstituted moiety derived from conjugating an optionally substituted carbonyl-
reactivg, thiol-reactive, amine-reactive, or hydroxyl-reactive moiety of T with a carboxyl, thiol,

amipe, or hydroxyl group of X or W.

224, The conjugate of claim 192, 196 or 204, wherein at least one of L2 and LY is an

optionally substituted moiety derived from conjugating an optionally substituted carboxyl-

269
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reactive, thiol-reactive, amine-reactive, or hydroxyl-reactive moiety of X or W with a carboxyl,

thiol, amine, or hydroxyt group of T.

225, The conjugate of claim 192, 196 or 204, wherein at least one of L” and L is

Oz
,%’\/S\/}fiﬁ

226, The conjugate of claim 192, 196 or 204, wherein at least one of L” and LY is a

succinimide moiety.
227.  The conjugate of any one of claims 192-226, wherein the drug )£ an anti-diabetic drug.

228, The conjugate of any one of claims 192-226, wherein thg/lrug is an insulin sensitizer,

229.  The conjugate of any one of claims 192-226, whepdmn the drug is an nsulin secretatogue.
230, The conjugate of anv one of claims 192-22¢/ wherein the drug is an msulin molecule.
231, The conjugate of claim 230, whereinthe insulin molecule is selected from the group

congisting of human insulin, porcine insy#n, and bovine insulin.

232, The conjugate of claim 230/ wherein the insulin molecule is selected from the group

consisting of insulin lispro, imgphin aspart and insulin ghulisine,

233, The conjugate of Aaim 230, wherein the insulin molecule is insulin glargine or insulin

deternir.

236, The conpugate of clanm 230, wherein the ingulin molecule 1s conjugated via the Bl aming

acid restdue.

219
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237.  The conjugate of claim 230, wherein the insulin molecule is conjugated via the epsilon-

. s
amino group of Lys™.

238, The conjugate of claim 230, wherein the insulin molecule is insulin ghulisine conjugagdd

5 viathe epsilon-amino group of Lys™.

239, The conjugate of any one of claims 192-226, wherein cach occurrence of 21

independently a ligand that includes a saccharide selected from the group consigiing of glucose,

mannose and L-fucose.
10

240, The conjugate of claim 239, wheren each occurrence of X is igdependently a Hgand that

includes a saccharide selected from the group consisting of mannogdmine and beta-linked N-

acctyl mannosamine.

15 24t The conjugate of claim 239, wherein cach ocourrghice of X is independently a ligand that
includes a saccharide selected from the group consistifg of methylghucose, methylmannose,

ethylglucose, ethylmannose, propylglucose and prebylmannose,

242, The conjugate of claim 239, whereiy/each occurrence of X is a ligand that includes alpha-

20 L-fucopyranoside.

243, The conjugate of clatm 23, wherein each occurrence of X is 2 ligand that includes a

bimannose,

25 244, The conjugate ofclaim 239, wherein each occurrence of X 1s a ligand that includes a

trimannose,

245.  The cofijugate of claim 239, wherein each occurrence of X is a ligand that includes a
linear trisnghmose.
The conjugate of clamm 239, wherein cach occurrence of X is a Hgand that includes a

anched rimannose.

247, The conjugate of claim 239, wherein each occurrence of X is a ligand that includes a
saccharide and an amme group.

211
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where X 19 a ligand that includes amimoethyltrimannose (AETM).
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248, The conjugate of claim 247, wherem the saccharide and amine group are separated by a

C-Cs alkyl group.

249, The conjugate of claim 248, wherein each occurrence of X is independently a ligand
includes aminocthylghicose (AEG), aminoethylmannose (AEM), aminocthyibimannose (XEBM)
or aminocthyltrimannose (AETM),

250, The conjugate of claim 249, wherein each occurrence of X is a ligand thaf includes
aminoethyltrimannose (AETM).

251, The conjugate of claim 250, wherein the conjugate mchudes twé or three occurrences

252, The conjugate of any one of claims 192-226, whercip/each occurrence of X is a ligand

that mcludes a saccharide that is conjugated via an anomgfic carbon.

253, The conjugate of ¢laim 252, wherein the apbmeric carbon is an alpha anomer,

254, The conjugate of any one of claims JO2-226, wherein each occurrence of X is
aminosthyltrimannose (AETM) conjugatéd to the conjugate framework via an alpha anomeric
carbon; and W 18 an insulin moleculgfonjugated to the conjugate framework via the epsilon-

- Bzo
aming group of Lys™ ™,

255, A sustained release formulation comprising a conjugate of any one of the preceding

claims.

256, The formpdation of claim 255, wherein the formulation exhibits a zero-order release of

the conjugate #hen administered fo a marmal under fasting conditions.

he formulation of claim 253, wherein the formulation exhibits 2 zerp-order release of

Onjugate when administered subcutaneously to a mammal under fasting conditions.

258, The formulation of claim 255, wherein the drug is an insulin molecule and the

formulation comprises protamine and zine,

232
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259.  The formulation of claim 258, wherein the insulin molecule is selected from the group

consisting of human insulin, porcine insulin, and bovine insulin,

260. The formulation of claim 238, wherein the insulin molecule 1s insulin glargine or ms

detemir.

261. The formulation of claim 258, whercin the insulin molecule inchides three ¢
bridges.
262, The formulation of claim 258, wherein the formulation includes fpém about 0.05 to sbout

10 mg protamine/mg conjugate,

263, The formulation of claim 258, wherein the formulation jcludes from about 1 to about 5

mg protamine/mg conjugatc

264, The formulation of claim 258, wherein the forghulation includes from about 0.006 to

about 0.5 mg zinc/mg conjugate.

265, The formulation of claim 258, wherpfn the formulation includes from about 0.1 to about
0.23 mg minc/mg conjugate.
266, The formulation of claim 258, wherein the formulation includes protamine and zincin a

ratio (w/w) in the range of abodt 100:1 to about 5:1.

267,  The formulation&f claim 258, wherein the formulation includes protamine and zinc in a
ratio {w/w) in the rapge of about 40:1 to about 106:1.

el

268, The forfaulation of any one of claims 258-267, wherein the formulation further comprises

an antimicpbbial preservative,

269/ The formulation of claim 268, wherein the antimicrobial preservafive is sclected from the

Houp consisting of m-cresol, phenol, methylparaben, and propylparaben.

27G.  The formulation of claim 268, wherein the antimicrobial preservative is m-cresol.
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271, The formulation of claim 270, wherein the formulation comprises from about 0.1 to about

1.0% v/v m~cresol.

272, The formulation of claim 270, wherein the formulation comprises from about 0.15 to

about §.35% v/v m-cresol.

273, The formulation of any one of claims 258-267, wherein the formulation furfer comprises

an isotonic agent.

274.  The formulation of claim 273, wherein the isotonic agent is a pol

275, The formulation of claim 274, wherein the isotonic agent 15/ejected from the group

congisting of mannitol, propylene glycol and glycerol.

276, The formulation of claim 275, wherein the isotoni agent 1s glycerol.

277.  The formulation of claim 273, wherein the Aotonic agent is a salt.

278 The formulation of ¢laim 277, wherein the salt is Nall,

279. The formulation of claim 278/wherein the formulation compriscs from sbout 8.035 to

about 6.5 M Na(l

280, The formulation of glaim 278, wherein the formulation cornprises from about 0.1 to about

0.2 M NaCl

281.  The formylation of any one of claims 258-267, wherein the formulation further comprises

an amount of whconjugated insulin molecule.
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283, The formulation of claim 281, wherein the formulation comprises a molar ratio of
conjugated insulin molecule to unconjugated insulin molecule in the range of about 25:1 to about

2:3.

284, The formulation of any one of claime 255-283, wherein the conjugate 15 ag defineg/n any

one of claims 327-358,

285, A pump delivery system comprising a conjugate of any one of claims 1-254, wherein the

pump delivery system operates by mfusing the conjugate inte a mammal,

286.  The pump of claim 285, wherein the pump operates by infusing the conjugate

intravenously, subcutancously, or intraperitoneally.

287, The pump of claim 285, wherein the conjugate is as @efined in any one of claims 327-

350.

288, A method of treating hyperglycemia comppfsing administering a formulation of any one

of claims 255-284 {o a mammalian patient in nged thereof,
289, The method of claim 288, wherej

the patient is diabetic.

290.  The method of claim 288, #herein the patient has an infection associated with impaired
glycernic control
291,  The method of ¢

im 288, wherein the formulation does not include a lectin.

202, The methpd of claim 288, wherein the formulation 1s administered by subcutancous

injection.
Fhe method of claim 288, wherein the patient is a human.
The method of claim 288, wherein the drug is an anti-diabetic drug.

295, The method of claim 288, wherein the drug 15 an insulin sensitizer.
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296,  The method of claim 288, wherein the drug is an insulin secretatogue.
297.  The method of claim 28X, wherein the drug 18 an insulin molecule.

298, The method of claim 297, wherein the conjugate is administered such that the avepdge

daily dose of the insulin melecule is i the range of 10 to 200 U.

299, The method of claim 298, wherein the conjugate is administered daily.

300.  The method of claim 298, wherein the conjugate is administered weekly.

301,  The methed of claim 29%, wherein the conjugate 18 adminigitred monthly.

302, The method of claim 298, whercin the patient is alsofeceiving an insulin sensitizer.
303, The method of claim 298, wherein the patient 28 alse receiving an insulin secretagegue.

304, The method of any one of claims 288-343, wherein the formulation does not include a

lectin.

305, The method of any onc of claims 288-304, wherein the conjugate 18 as defined in any one

of claims 327-350.

306. A method comprisigf administering a conjugate of any one of claims 1-254 to a

mammaliap patient in nged thereof.
307.  The methpd of claim 386, wherein the drug 18 an insulin molecule.

308, The'method of claim 307, wherein the conjugate induces less hypoglycemia than an

236
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310, A method comprising administering a formulation of any one of claims 255-283 to a

mammalian patient in need thereof.

311, The method of claim 310, wherein the drug is an insulin molecule.

31Z.  The method of claim 311, wherein the formulation induces less hypoglycemia
formulation comprising an unconjugated version of the insulin molecule,
313,  The method of claim 311, wherein the formulation induces a lower AT than a

formulation comprising an unconjugated version of the msulin molecule,

314, The method of any one of claims 311-313, wherein the cony

of claims 327-330.

gate 18 as defined in any one

315, The method of any one of ¢laimg 306-314, furthey/comprising admimstering a triggerimng
amount of an exogenous saccharide to the patient.

316.  The method of clairn 315, wherein the gfogenous saccharide 18 mannose.

317. The method of claim 315, wherejt the cxogenous saccharide 15 L-fucose.

318, The method of claim 315, #herein the exogenous saccharide is Neacetyl glucosamine.

319, The method of claigd 315, whercin the exogenous saccharide is alpha-methyl mannose.

320, The method ¢f claim 315, wherein the conjugate or formulation and the exogenous

saccharide are adefinistered t¢ the mammal vis different routes.

321, The/method of claim 320, wherein the conjugate or formulation is administered

subeutgdeously and the cxogenous saeccharide is administered orally.

The method of claim 320, wherein the conjugate or formulation 18 administered

subcutaneously and the exogenous saccharide is administered intravenously.

27
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323, A conjugate of formula (Vib-3)

X O
HN
NH
0}—\\ H
¥ 4
5/ Y
)
NH
HN
X 0O

Vib-3
wherein:
W is an insulin molecule; and

gach ocouwrrence of -X ig

324, The conjugate of clatm 32% wherein the insulin molecule is selected from the group

consisting of human insulin, pgfeine insulin, and bovine insulin.

325.  The conjugate ofclairn 323, wherein the insulin molecule s insulin glargine or insulin

detemir.

326. > coijugate of claim 323, wherein the insulin molecule includes three disulfide

bridges.

Zi8




W RS ASF RGO LT POTIIRZOTOO 22 26R

327 A conjugate of formula:

Q H
PN ‘\‘o\/\a)l\/\-/\,w\io ) o
- §'\i\/\/\\)‘L
HO OH N N—Phel!
~ N-Phe
OH o o)
NH
HNT YO
i1

5 328, A conjugate of formula:
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329. A comjugate of formula:
O

Insulin )

LAy

330, A conjugate of formula:
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331, A conjugate of formula;

A conjugate of formula:

0
HO HN
HO.,. o
o ol
Jo A
Ho"’\g ™
HOY GH
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(P8
Lo
a2

A conjugate of formula:

A conjugate of formula:

LYSBZQ

222




WL LSO ISS LG POTTR IO INE

335 A conjugate of formula:

336. A conjugate of formula:

Lh
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337. A conjugate of formula:
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339, A conjugate of formula:
o)

H
O ’u\/\/\/ I
HO . 0\/\;\3 r\ﬁo }
1 ;]
HO® OH N’/\[{?\
OH o)

HNT RO
O WO
HO -
HO™ OH
OH

340. A conjugate of formula:
HO

Ok

-
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341, A conjugate of formula:
C‘\;\\O

I-15

5 342 A conjugate of formula:

HOAﬁ/O _WO\
i

HOY (o
Ok

126
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343, A conjugate of formula:

5 344, A conjugate of formula:

© LySBZS
H HN
o
K
0
oo
HN{ 4
o NH
g
MM
ot

HO

HOY O
oH

227
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345. A conjugate of formula:

HO
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346, A conjugate of formula:
HO

l . .
NNMN—GI A
. LB
1‘ OH 1y
MM
Q

O/\“"ﬁGH
.y
MO o

OH

5 347, A conjugate of formula

H
M P
O a0 N Gs»””
.é Lyga’)g
OH f
i
O
G
sl
0.0
HO .
HOY O
OH

P-4

229
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348, A conjugate of formula:
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349, A conjugate of formula:
HO.

G,
HE. G

o
e .',OA\@O\/\Q/”WVHTO H o
OH | o Ny RN
HO OH N N-Phe
N, /\’g H

E} A Lys

OH ;
v’j)\/j: - "
HO O

B2G

A conjugate of formula,

E"ySBZQ
OH ‘
HH
O
0
NH
HO/\T/O _‘\O
HoY OH
OH

-7
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351, A conjugate of formula (Vie-2):

X\ g O r
HNH /}NH
o d

0:><0

Vie-2
wherein;
& W is an msuhn molecule; and

each ocourrence of =X is

10

OH {z)H ol

352, The conjugate of claim 351, whergin the insulin molecule is selected from the group

15 consisting of human insulin, porcine ipSulin, and bovine msulin,

333, The conjugate of claim ¥51, wherein the insulin molecule 18 insulin glargine or insulin

deterrir.

20 354,  The conjugatgdf claim 351, wherein the insulin molecule includes three disulfide

bridges.

Vidg-1
wherein;

Wi an msulin molecule; and

232
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O
e

L

OHHO OH
Ot
H O

3 SHOH
Q b B
2 z Ob
O/\ﬁOH O\//VQOH
MOH o
X is OH OH or ok R

356.  The conjugate of claim 355, wherein the insulin molecule is seiected from the group

consisting of human insulin, porcine insulin, and bovine insulin.

357. The conjugate of claim 3535, wherein the insulin moleculg/is insulin glargine or insulin
detemir,
358, The conjugate of claim 355, wherein the insulip/molecule includes three disulfide

bridges.

359, A sustained release formulation compfising the conjugate of any one of claims 327-330,

wherein the formulation comprises protaggine and zinc.

360,  The formulation of ¢laim 359, wherein the formulation includes:
from about | to about 5 #ig protamine/mg conjugate; and

from about 0.1 o abefit 0.25 mg zine/myg conjugate.
12 g conjug

361.  The formulatiph of claim 359, whercin the formulation includes protamine and zinc in &

ratic (w/w} in the pnge of about 40:1 to about 10:1,

362, The formulation of any one of claims 359-361, wherein the formulation further comprises

an amougt of unconjugated insulin molecule.

364.  The formulation of claim 362, wherein the formulation comprises a molar ratio of
conjugated insulin molecule to unconjugated insulm molecule in the range of about 25:1 to about

21,
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364.  The formulation of any one of claims 359-363, wherein the formulation further comprises

an antimicrobial preservative.

¥

365, The formulation of claim 364, wherein the antimicrobial preservative is m-cresol.

366.  The formulation of claim 365, wherein the formulation comprises from about §/45 to

about 0.35% v/v m-cresol.

367, The formulation of any ong of claims 359-366, wherein the formulatign further comprises

an isotonic agent.
368, The formulation of claim 367, wherein the isotonic agent ig
dent 18 NaCl

369, The foromulation of claim 367, wherein the isotonic ¢

370, The formulation of claim 369, wherein the for

.2 M NaCl.

ulation comprises from about 0.1 to about

371, The formulation of claim 359, whergin the formulation further comprises an amount of
unconjugated insulin molecule.
372, The formulation of claim ¥71, wherein the formulation comprises & molar ratio of

conjugated insulin molecule tgdmconjugated nsulin molecule in the range of about 25:1 to about

k2
—

373, The formulaghn of claim 372, wherein the formulation further comprises an

antimicrobial preglrvative.

oy

374, TheTormulation of claim 373, whercin the antimicrobial preservative ts m-cresol,

375/ The formulation of claim 374, wherein the formulation comprises from about .15 to

out 8.35% viv m-cresol.

376, The formulation of claim 375, wherein the formulation further comprises an isotonic

agent.

2534
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377, The formulation of claim 376, wherein the isotonic agent 1s glycerol.

378. The formulation of claim 376, wherein the isotonic agent is NaCl.
379.  The formulation of claim 378, wherein the formulation comprises from about 0.1 46 about
0.2 W Nadl,

380. A sustained release formulation comprising the conjugate of any one of ofaims 327-350,
wherein the formulation comprises;

about 3.6 mg protaming/mg conjugate; and

about 0.2 mg zinc/mg conjugate.
381. The formulation of claim 380, wherein the formulation frther comprises an amount of
unconjugated mmsulin molecule, and the molar ratio of conjugated msulin molecule o

unconjugated insulin molceule is about 5:1.

382, The formulation of claim 381, wherein the formulation further comprises about 0.2% viv

mi-cresol.

83,

Lo
a3

The formulation of claim 382, witrein the formulation further comprises ghycercl.

384, The formulation of claim
NaCl.

12, wherein the formulation further comprises about .15 M

e
v
LAy

A conjugate of fgrmula (VIH):

(Bl
T—1A

(T ¥al! —E\D
o TR

k%2111
[
()

represents a potential branch within the conjugate;

) . . |
cach occcurrence of ( represents a potential repeat within a branch of the conjugate;

2358
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cach occurrence of [A] is independently a covalent bond, a carbon atom, a heteroatom, or an
optionally substituted group selected from the group consisting of acyl, aliphatic,
heteroaliphatic, aryl, heteroaryl, and heterocyclic;

each ocourrence of T is independently a covalent bond or & bivalent, straight or brancheg

saturated or unsaturated, optionally substituted Cy_3 hydrocarbon cham wheremn ¢fic or

Lh

more methylene units of T are optionally and independently replaced by -O-, /5-, -N({R)-,
~C{O)-, OO0, -OCO-, -NRYTO)-, -CON{R)-, -S{0)-, -S{O)-, -NFIS0,-,
-SO;MN(R)-, a heterocyclic group, an aryl group, or a heteroaryl group;
each occurrence of R is independentty hydrogen, a suitable protecting grbup, or an acyl
10 moiety, arylalkyl moiety, sliphatic moiety, ary! moiety, heteroaryl moiety, or
heteroaliphatic moiety;
~Bis -T-L*-X;
each occurrence of X is independently & ligand that includgs a saccharide;
each occurrence of L is independently a covalant bong/6r a group derived from the covalent
15 conjugation of a T with an X,
—D ig -T-L.°-w;
each occurrence of W is independently a drug
each occurrence of L is independently a ghvalent bond or a group derived from the covalent
conjugation of a T with a W,
20 each occurrence of n is independeny an integer from 0 to 5, inclusive;
each occurrence of m is independently an integer from 1 to 5, inclusive; and
each occurrence of v is indepéndently an integer from G to 3, inclusive, with the proviso that

at least one occurrencgof nis = | and at least one oceurrence of vis > 1.

25 AR6.  The conjugate of claim 385, wherein the conjugate 1s of formula:
/JL s -

o
O
" H?\% y 0
NM :
| ° HN“\<_/ ©
8] O
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wherein:

~Bis -T-15-X;
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387, A conjugate of formula (IX),

B./ T\ D

C

BN B,
IX

each occurrence of T is independently a covalent bond or a bivalent, straigi or branched,

saturated or unsaturated, optionally substituted C) 5 hydrocarbon chfin wherem one or

more methylene units of T are optionally and independently replaCed by -O-, -5-, -N(R}-,
-C(O)-, -E{OYO-, -OC(O)-, -NER)C(O)-, -CLOMNR)-, -S5O} A5, -MNR)ISO-,

“SON(R)-, a

heterocyclic group, an aryl group, or a hetergéryl group:

each occurrence of R is independently hydrogen, a suitablg/protecting group, or an acyl

moiety, arylalkyl moicty, aliphatic moiety, arvl moyfty, heteroaryi moiety, or

hetercaliphatic moiety;

cach occurrence of X is independently a ligand At includes a saccharide,

cach occurrence of LY is independently a covlent bond or a group derived from the covalent

conjugation of a T with an X

D s -T-EP W

each occurrence of W is independeptly a drug; and

each occurrence of LY is indepepfently a covalent bond or a group derived from the covalent

conjugation of o T with g

B

388, A conjugate comppising an insulin molecuie conjugated to one or more ligands that are

independently selectedArom the group consisting of aminoethylghucose (AEG),

aminoethylmannosg

aminocthyi-N-agbtyl

(AEM), aminoethylbimannose {AEBM), aminoethyltrimannose (AETM), pB-
glucosamine {AEGA), and aminoethylfucose (AEP),

389, ¢ conjugate of claim 388, wherein the insulin molecule is conjugated via the AT amino

290, The conjugate of ¢laim 388, wherein the insulin molecule 18 conjugated via the Bl amino

acid residue.
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391, The conjugate of claim 388, wherein the insulin molecule is conjugated via the epsilon-
. ‘B2
amine group of Lys™ .

2

392, The conjugate of ¢laim 388, whercin the insulin molecule is insulin glulisine conjugated

via the epsilon-amino group of LysE".

393, The conjugate of any one of claim 389-392, wherein the one or more ligands ay

aminoethylglucose (AEG).

394, The conjugate of any one of claim 389-392, wherein the one or more figands are
aminoethylmannose (AEM}.
395, The conjugate of any one of claim 389-392, wherein the on# or more ligands are

aminocthylbimannose (AEBM),

396, The conjugate of any one of claim 389-392, whegdin the one or more ligands are
aminoethyltrimannose (AETM),
397, The comjugate of any one of claim 389-292 wherein the one or more ligands are f3-

aminoethyl-N-acetylglucosamine (AEGA)

398, The conjugate of any one of ¢faim 389-392, wherein the one or more ligands are
aminoethyifucose (AEF}.
399, The conjugate of clpfm 388, wherein the insulin molecule is conjugated to two or more

separate ligands,

400, The conjyfate of claim 399, wherein the insulin molecule 18 conjugated to two separate

ligands.

461, AZhe conjugate of claim 399, wherein the insulin molecele 18 conjugated to three separate

402.  The conjugate of claim 399, whercin the ingulin molecule is conjugated to four separate

ligands.
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403.  The conjugate of claim 399, wherein the two or more separate ligands are conjugated fo a

single conjugate framework that 1s also conjugated to the insulin molecule.

404.  The conjugate of claim 399, wherein the two or more separate ligands and insulin

5 molecule are cach located on a separate branch of a single branched conjugate framework

405,  The conjugate of claim 404, wherein the two or more separate Hgands and ipfulin
molecule are cach located on termimni of separate branches of a single branched ¢bnjugate
framework.
10
406.  The conjugate of claim 399, wherein the two or more separate Mgands are conjugated to

the insulin molecule via two or more different conjugation points.

407, The conjugate of ¢laim 406, wherein the tnsulin molgtule is conjugated via the A1 amino

15 acid residue and the epsilon-amine group of Lys™™.

408. The conjugate of claim 407, wherein the igdulin molecule is conjugated to two separate

conjugate frameworks that are each conjugatedAo one or more separate Hgands.

20 4089, The conjugate of claim 407, whegtin the insulin molecule is conjugated to two separate
comjugate frameworks that are cach génjugated to one ligand.

410, The conjugate of clan

07, wherein the insulin molecule is conjugated to two separate

branched conjugate framewdrks that arc cach conjugated to twe ligands,

25
411.  The conjugatf of claim 410, wherein the ligands are located on separate branches of the
branched conjugefe frameworks,
412, The'conjugate of claim 411, wherein the ligands are located on termini of separate

30 branchgf of the branched conjugate frameworks.

The conjugate of any one of claims 399-412, wherein the two or more separate ligands

arc aminoethvighicose (AEG).
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414, The conjugate of any one of claims 399-412, wherein the two or more separate figands

are aminoethyimannose (AEM).

415, The conjugate of any one of claims 399-412, wherein the two or more separate ligan
are aminccthylbimannose (AEBM).

416.  The conjugate of any one of claims 399-412, wherein the two or more sepagdte ligands
are aminocthyltrimannose (AETM),

417.  The conjugate of any one of claims 399-412, wherein the two or yaOre separate ligands
are framinoethyi-N-acetylglucosamine (AEGA).

418, The conjugate of any one of claims 399-412, wherein the two or more separate ligands

are aminoethylfucose (AEF).

419, A conjugate comprising an insulin molecule cgnjugated to aminoethylglucose (AEG).

420. A conjugate comprising an insulin molg€ule conjugated to aminoethylmannose (AEM}.

421, A conjugate comprising an insulj
(AEBM).

molecule conjugated to aminocthyibimannose

422, A conjugate comprising’an msulin molecule conjugated to aminoethyltrimannose
(AETM).

423, A conjugate pbmprising an insulin molecule conjugated to f-aminoethyl-N-
acetylglucosaming (AEGA).

424, njugate comprising an insulin molecule conjugated to aminoethyliucose (AEF).

425/ The conjugate of any one of claims 419-424, wherein the insulin molecule 18 conjugated

wa the Al amino acid residue.

426.  The conjugate of any one of claims 419-424, wherein the insulin molecule is conjugated

via the B amino acid residue.
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427 The conjugate of any one of claims 419-424, wherein the insulin molecule is conjugated
via the epsilon-amino group of LysB *,
428, The conjugate of any one of claims 419-424, wherein the insulin molecule 18 insulin

. . . . . \ [E%:!
chulisine conjugated via the epsilon-amine group of Lys .

42%.  The conjugate of any one of claims 419-424, wherein the insulin molecule eonjugated

. . . . . . ; 7]
via the Al amino acid residue and the epsilon-amino group of Lys ™.




10

15

20

25

30

CLAIMS

We claim:

1. A conjugate comprising an insulin molecule conjugated to one or more ligands wherein
at least one ligand is aminocthyltrimannose (AETM) or aminoethylfucose (AEF); wherein the
conjugate is characterized in that, when the conjugate is administered to a mammal in the
absence of an exogenous multivalent saccharide-binding molecule, at least one pharmacokinetic

or pharmacodynamic property of the conjugate is sensitive to serum concentration of a

saccharide.
2. The conjugate of claim 1, wherein the saccharide is glucose or alpha-methyl mannose.
3. The conjugate of claim 2, wherein the insulin molecule is conjugated via the Al amino

acid residue, via the B1 amino acid residue, or via the epsilon-amino group of Lys™,

4, The conjugate of claim 2, wherein the insulin molecule is truncated.

5. The conjugate of claim 1, wherein the conjugate includes two or more separate ligands

each of which includes a saccharide.

6. The conjugate of claim 1, wherein the ligand further includes a saccharide selected from

the group consisting of glucose, mannose and L-fucose.

7. The conjugate of claim 6, wherein the conjugate is of the formula:

B. D
N
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Wherein B is ~T-L2-X;

each occurrence of X is independently a ligand wherein atleast one ligand is
aminoethyltrimannose (AETM) or aminoethylfucose (AEF);

each occurrence of L® is independently a covalent bond or a group derived from the covalent
conjugation of a T with an X;

D is ~T-L"-W;

each occurrence of W is independently an insulin molecule;

each occurrence of L is independently a covalent bond or a group derived from the covalent
conjugation of a T with a W;

each occurrence of T is independently a covalent bond or a bivalent, straight or branched,
saturated or unsaturated, optionally substituted Cy.3¢ hydrocarbon chain wherein one or
more methylene units of T are optionally and independently replaced by -O-, -S-, -N(R)-,
-C(O)-, -C(O)O-, -OC(O)-, -N(R)C(O)-, -CLOIN(R)-, -8(0)-, -S(O)2-, -N(R)S0-
, =SO-N(R)-, a heterocyclic group, an aryl group, or a hetercaryl group; and

each occurrence of R is independently hydrogen, a suitable protecting group, or an acyl
moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or

heteroaliphatic moiety.

The conjugate of claim 7, wherein the conjugate is of the formula (VIb-1):

X

HN._ O
f H
NWN‘W
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VIb-2,

VIb-3

Vib-4,
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X
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X o
N
N
H
J(xl )
N
,E]/U\/NYWJ\N/W
é H
H
N
{JJ o
H
N
£
X O
VIib-7.
9. A sustained release formulation comprising a conjugate of any one of the preceding
10 claims.
10. The formulation of claim 9, wherein the drug is an insulin molecule and the formulation

comprises protamine and zinc.
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1. A pump delivery system comprising a conjugate of any one of claims 1-8, wherein the

pump delivery system operates by infusing the conjugate into a mammal.

12. A formulation of any one of claims 9-10 for the treatment of hyperglycemia.
5
13. A conjugate of any one of claims 1-8 for the treatment of diabetes.
14. A conjugate comprising a formula selected form the group consisting of:
10
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I1-6.

15, A conjugate comprising an insulin molecule conjugated to one or more ligands that are
independently selected from the group consisting of aminoethylglucose (AEG),
aminoethylmannose (AEM), aminoethylbimannose (AEBM), aminoethyltrimannose (AETM), -
aminoethyl-N-acetylglucosamine (AEGA), and aminoethylfucose (AEF) wherein at least one

ligand is aminocthytrimannose (AETM) or aminoethylfucose (AEF).

16.  The conjugate of claim 15, wherein the insulin molecule is conjugated via the Al amino

acid residue, via the B1 amino acid residue, or via the epsilon-amino group of Lys™.

17.  The conjugate of claim 15, wherein the insulin molecule is conjugated to two or more

separate ligands.
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