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-2.697791 1.092985 -0.223977 
-1.941053 -0.530584 -0.045306 
-3.689622 -0.378341 -0.474093 
4.381066 -0.044923 -0.497414 

I I I IOI O I I I I 
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FIG . 49H 

OOI I I II I II oO U I 

R Phenanthroline 
Charge = 0 Multiplicity = 1 
E ( RB3LYP ) = -3529.131672 A.U. 
? -3.993558 1.500050 0.470229 
C -2.569535 1.137649 0.879646 
C -1.958005 0.072863 -0.050844 

-3.436644 0.676151 -1.834739 
4,043595 1.817929 -1.030854 
-0.902486 -0.125992 0.130853 
-1.913404 2.015235 0.733408 
-4.651604 0.654809 0.703013 
-4.330500 2.355153 1.065414 
-3.317745 0.933174 -2.889613 
-4.051955 -0.229490 -1.760809 
-3.493841 2.744299 -1.240905 
-5.078536 1.971915 -1.358092 
-2.100055 0.350633 -1.385021 
-2.572927 0.781270 2.247415 

? C -1.283959 0.585559 2.825891 
-1.444944 0.438945 3.896946 

H -0.778460 -0.298565 2.419823 
H -0.643028 1.465185 2.672583 
Br -2.805047 -1.765816 0.398445 
? 1.714344 2.940687 0.211854 

2.970910 3.567448 0.082207 
? 4.080702 2.772231 -0.120422 
C 3.926853 1.368636 -0.194964 
N 1.530963 1.628708 0.149740 

5.071582 3.206541 3.206541 -0.225356 
0.823998 3.545925 0.373971 
3.050089 4.648305 0.142821 

? 2.611964 0.835820 -0.054473 
3.566797 -1.438132 -0.352504 
5.045565 0.493954 -0.409042 

? 4.872493 -0.855385 -0.483967 
6.034435 0.933174 0.933174 -0.511232 
5.720335 -1.515626 -0.647084 
2.427172 -0.609197 -0.137590 
3.359376 -2.834547 -0.434978 
1.022254 -2.437342 -0.087463 
2.082447 -3.341283 -0.303166 
4.209556 -3.491266 -0.601170 
0.003282 -2.802317 0.022860 

H 1.884973 -4.406934 -0.362760 
N 1.180580 -1.122825 -0.003998 

I I I OOOO I I oc 

OOI I I Z 
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FIG , 491 

OO II IIIIIIOOO IIIVVVOZIIVOU IIIQUOUIIIZ 

TS1 Phenanthroline 
Charge = 0 Multiplicity = 1 
E ( RB3LYP ) = -3529.084393 A.U. 
C -4.832837 -1.136532 -0.140903 
C -4.303745 -0.769552 -1.514306 
? C -2.122037 -0.282629 -0.532137 
? -2.599154 -0.723233 0.843558 
? -3.723997 -1.763530 0.711842 
H -4.108011 -1.663546 -2.112895 
H -4.962598 -0.090317 -2.058418 

-5.247817 -0.254187 0.363888 
H -5.658730 -1.842705 -0.284324 
H -1.108411 -0.506712 -0.837674 

-3.036928 0.157551 1.342279 
-3.326255 -2.665176 0.236734 
-4.104714 -2.017156 1.705850 
-3.002586 -0.081185 -1.490781 
-1.460566 -1.145939 1.567035 

? -1.664216 -1.224333 2.972681 
H H -2.045852 -0.273438 3.375875 
H -2.354892 -2.031828 3.248503 

-0.688564 -1.433368 3.417941 
C -0.263071 3.520834 0.601485 
C -1.431935 4.313269 0.617952 
? C -2.633262 3.773092 0.208256 
C -2.655467 2.422931 -0.167697 
N -1.579505 1.647940 -0.171724 

-3.547830 4.355343 0.186540 
-1.366314 5.346314 0.947825 
-0.358111 2.167247 0.156693 
2.092672 1.960155 0.479007 

? 1.000322 4.059662 1.019385 
C 2.131222 3.302978 0.979323 

1.028773 5.087483 1.369350 
3.084715 3.710742 1.303531 

H -3.585596 1.949036 -0.467952 
0.864090 1.385193 0.043225 

C 1.915529 -0.567230 -0.594471 
C 3.259025 1.165428 0.375887 
C 3.174125 -0.105738 -0.153823 
H 1.810356 -1.553311 -1.040913 
H 4.210041 1.572092 0.709375 
? 4.049257 -0.740782 -0.246443 
N 0.807330 0.150323 -0.501538 
Br -1.509336 3.098709 -1.937457 
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FIG , 493 

OUIIIIIIIIOOO II IUUUUZIIUUUUIIIVOU III 

Early - int_Phenanthroline 
Charge = 0 Multiplicity = 1 
E ( RB3LYP ) = -3529.117038 A.U. 
? 3.413047 -1.615412 0.157217 
? 2.730066 -1.289559 -1.165587 
C 0.621486 -1.036414 -0.116946 

1.163775 -1.413635 1.273045 
2.637886 -0.984231 1.326668 
2.778037 -0.211542 -1.364888 
3.163791 -1.839863 -2.004129 
3.480130 -2.704501 0.284276 
4.436301 -1.223479 0.133495 
0.632982 0.042238 -0.253042 
1.092668 -2.507866 1.404565 
2.690083 0.108903 1.252686 
3.079820 -1.286894 2.281772 
1.336241 -1.705391 -1.134053 
0.326505 -0.773834 2.227565 
0.566309 -1.155354 3.578381 
0.537703 -2.249383 3.694402 
1.528206 -0.780345 3.948803 
-0.235231 -0.713082 4.175176 
-3.213101 -1.298790 -0.237435 
-3.310406 -2.702530 -0.317783 
-2.171879 -3.475019 -0.407028 
-0.941174 -2.834135 -0.364426 

N -0.816108 -1.496803 -0.267639 
-2.206728 -4.554814 -0.488265 

H -4.295584 -3.159589 -0.316734 
-1.930940 -0.666277 -0.244183 
-3.118578 1.514077 -0.170416 

? -4.417531 -0.523149 -0.160447 
C -4.374520 0.833649 -0.113672 

-5.362310 -1.056986 -0.143424 
H -5.285944 1.421191 -0.053090 

-0.012150 -3.384695 -0.409170 
? -1.888026 0.793759 -0.248401 

-0.670384 2.763919 -0.365159 
? -3.053118 2.928412 -0.177673 
C -1.832211 3.560297 -0.273587 

0.328258 3.192543 -0.449560 
-3.977120 3.496562 -0.115464 
-1.753229 4.642633 -0.283105 

N -0.709938 1.442268 -0.353247 
Br 2.966011 2.469945 -0.561160 
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FIG . 49K 
Late - Int_Phenanthroline 
Charge = 1 Multiplicity = 1 
E ( RB3LYP ) = -1072.953844 A.U. 
? 3.948746 0.006459 -0.600737 
? 2.738404 -0.753398 -0.036707 
C 1.666931 -0.844725 -1.139819 

3.268131 -0.775464 -2.888302 
4.427835 -0.640844 -1.910023 

H 1.284929 0.143133 -1.385831 
H 3.047814 -1.765906 0.260604 
H 3.652559 1.047386 -0.783395 
H 4.754107 0.018587 0.140380 
H 3.537440 -1.359901 -3.770562 
H 2.907806 0.209865 -3.216492 
H 4.851043 -1.633361 -1.710807 
H 5.218884 -0.034976 -2.365866 

2.169425 -1.498264 -2.283796 
2.137065 -0.101851 1.083636 

? 2.788461 -0.357602 2.335317 
2.174019 0.106721 3.109131 

H 2.848500 -1.436870 2.525286 
3.795812 0.073725 2.364849 

? -1.674590 -2.016109 0.295172 
? -1.330875 -3.364414 0.524382 

-0.117094 -3.858388 0.092077 
0.780475 -2.971038 -0.484598 

N 0.489658 -1.670838 -0.687550 
H -2.043836 -4.007321 1.031896 
H 0.166742 -4.895859 0.221216 
H 1.771238 -3.280822 -0.787921 
? -0.767191 -1.154374 -0.394254 

-2.946512 -1.531671 0.745482 
? -2.507212 0.606390 -0.292660 
? C -3.337579 -0.256391 0.489375 

-3.585785 -2.216981 1.292473 
H -4.296324 0.115571 0.837841 
? -1.233404 0.175534 -0.772599 

-0.952656 2.149067 -1.948778 
? -2.950053 1.899417 -0.660739 
C -2.174147 2.680677 -1.487706 

-0.323896 2.725273 -2.623544 
H -3.910336 2.250639 -0.293896 
H -2.487028 3.673773 -1.791963 
N -0.501063 0.954106 -1.604767 
? 2.460689 3.392179 1.902387 

2.263773 4.467325 1.861927 
3.485275 3.217565 1.544107 
2.394301 3.071400 2.951962 
1.487303 2.751086 1.081629 
1.685955 1.798711 1.045207 

IO III Q7 III 
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FIG . 49L 
TS2_Phenanthroline 
Charge = 1 Multiplicity = 1 
E ( RB3LYP ) = -1072.925835 A.U. 
? 3.041997 -1.145325 1.339295 
C 1.879416 -0.202137 1.004107 
? 1.661776 -0.064409 -0.495591 
? 3.128566 -1.944227 -1.018879 

2.982154 -2.371789 0.423766 
? 1.199705 0.848806 -0.859277 

0.944991 -0.593364 1.423993 
3.985838 -0.609668 1.190767 
2.984313 -1.437963 2.390568 
2.853009 -2.710168 -1.743885 
4,129879 -1.571742 -1.247143 
2.046096 -2.923772 0.569718 
3.801693 -3.062246 0.648375 
2.246623 -0.789953 -1.368239 
2.097863 1.126162 1.468289 

? 1.581499 1.393847 2.779342 
1.816992 2.437283 2.996186 
0.494537 1.252751 2.804039 

H 2.057113 0.754587 3.532703 
C -2.980646 -0.856853 -0.780681 
? -2.946317 -2.239871 -1.067468 
? -1.731675 -2.878409 -1.206344 
C -0.560020 -2.121933 -1.031315 
N -0.555133 -0.826461 -0.745513 
H -3.880864 -2.781780 -1.182656 

-1.663734 -3.935692 -1.438388 
0.408258 -2.604693 -1.128247 

C -1.741801 -0.164190 -0.637365 
? -4.224652 -0.153918 -0.643256 
? -3.026414 1.924645 -0.260732 
C -4.247870 1.182742 -0.384936 

-5.147608 -0.715865 -0.752666 
-5.190724 1.711767 -0.279239 
-1.767906 1.269674 -0.390458 

C -0.625666 3.250610 -0.085594 
C -3.019499 3.318584 -0.021693 

-1.816516 3.988663 0.069210 
0.338047 3.752282 -0.027570 
-3.963945 3.845245 0.083682 
-1.774974 5.057931 0.249485 
-0.595692 1.943300 -0.307167 
4.369886 3.221619 -0.792391 
4.791029 3.908122 3.908122 -0.045279 
3.421306 3.636085 -1.161327 
5.067002 3.153985 -1.631673 
4.207772 1.902889 -0.269087 
3.573140 1.924271 0.467067 
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QOIIIIIII 

FIG . 49M 
P.P._Phenanthroline 
Charge = 1 Multiplicity = 1 
E ( RB3LYP ) = -1072.934271 A.U. 
? -4.461771 0.118736 0.668452 
C. -2.978264 0.497048 -0.652404 

-2.114274 -0.468339 0.171724 
-3.833932 -2.158233 0.149110 
-4.608942 -1.390854 -0.904615 

H -1.035916 -0.335866 0.048101 
-2.564408 0.457458 -1.670845 

H -4.915734 0.392003 0.292270 
-4.978064 0.683617 -1.449854 
-3.807940 -3.230831 -0.045232 
-4.235250 -1.988095 1.153859 
-4.245808 -1.664524 -1.902618 

H H -5.662653 -1.684133 -0.850087 
-2.419447 -1.769544 0.158155 
-2.722091 1.783634 -0.079002 

? -3.134058 2.910277 -0.866027 
had -2.813483 3.800659 3.800659 -0.322860 

-2.647884 2.885207 -1.848412 
H H -4.221739 2.935473 2.935473 -0.988627 
? C 1.175683 -2.790508 -0.223724 
? 2.385232 -3.484857 -0.429725 

3.555516 -2.756553 -0.501630 
C 3.509066 -1.349521 -0.368291 
N 1.093102 -1,472249 -0.093095 
? 4.512323 -3.246483 -0.661196 

0.238555 -3.340168 -0.164982 
H 2.382239 -4.565578 -0.529185 
? 2.235641 -0.744250 -0.162245 

3.358826 1.468823 -0.109203 
C 4.692921 -0.539909 -0.438446 
C 4.620504 0.815012 0.815012 -0.314947 

5.648936 -1.032003 -0.594729 
5.517349 1.425970 -0.370482 

C 2.158604 0.704883 0.704883 -0.024875 
3.256544 2.873420 0.016207 
0.891444 2.605158 0.285692 

C 2.017536 3.449753 0.212342 
4.155635 3.481058 -0.044065 
-0.097703 3.032939 0.438384 
1.900196 4.524253 0.310169 
0.947608 1.283463 0.176168 
-2.356588 0.093293 1.686307 
-2.431456 1.070481 1.532070 
-1.313559 -0.240655 2.671156 

H -1.636175 0.194337 3.617258 
-1.288839 -1.326541 2.736050 
-0.358028 0.163756 2.337060 
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FIG . 49N 
F.P. 
Charge = 0 Multiplicity = 1 
E ( RB3LYP ) = -500.857189 A.U. 
? -0.971857 2.777809 0.206469 
? 0.143537 1.891855 -0.340900 

-0.402564 2.420275 -2.617915 
-1.564834 3.322628 -2.158680 

C -1.2890123.920576 -0.775019 
H 1.093404 2.442269 -0.374092 

0.286058 0.999275 0.274321 
H -1.869481 2.167448 0.370149 
H -0.669375 3.180538 1.180988 
H -0.679505 1.884649 -3.536240 

-2.423899 2.646692 -2.069705 
H H -0.440830 4.612784 -0.816608 

-2.164644 . 4.487563 -0.438355 
-0.171255 1.394694 -1.657549 
-1.971671 4.247518 3.169780 

? -1.274600 5.489851 5.489851 -3.273648 
-1.444181 6.128026 -2.396592 
-0.199287 5.349351 5.349351 -3.420718 
-1.695065 5.991785 -4.149668 

? 1.806428 2.500481 2.500481 -3.498558 
2.602142 3.227343 3.227343 -3.678294 

H 1.470061 2.088219 -4.460408 
2.194024 1.685755 -2.876070 
0.746794 3.202677 -2.847322 

O O O I I I O I I I O 
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HEPARANASE INHIBITORS FOR 
TREATMENT OF DIABETES 

CROSS REFERENCE TO RELATED 
APPLICATION 

ecules are heterogeneous in size and sulfation pattern , they 
have led to nonspecific binding and unforeseen adverse 
effects , and thus , their translation into clinical application 
was terminated . However , PI - 88 , a sulfated oligomannan 
mixture , was observed among these four carbohydrate mol 
ecules to reduce Type 1 diabetes in mice . Because PI - 88 
displays anticoagulant properties and is unable to suffi 
ciently produce platelets that help clot blood , however , its 
potential use for diabetic treatment is limited . 

[ 0001 ] This application claims priority to U.S. Provisional 
Patent Application No. 62 / 945,622 , filed on Dec. 9 , 2019 , 
which is incorporated herein by reference in its entirety as if 
fully set forth herein . 

FIELD OF THE DISCLOSURE SUMMARY OF THE DISCLOSURE 

[ 0002 ] The current disclosure provides anti - heparanase 
compounds for the treatment of diabetes . The anti - hepara 
nase compounds are high affinity , synthetic glycopolymers 
that result in minimal anticoagulant activity . 

[ 0009 ] The current disclosure provides high affinity anti 
heparanase synthetic glycopolymers that result in minimal 
anticoagulant activity and protect pancreatic beta cells and 
islets for the treatment of diabetes . 

BACKGROUND OF THE DISCLOSURE BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS [ 0003 ] Diabetes mellitus ( DM ) , often simply referred to as 

diabetes , is a condition in which a person has a high blood 
sugar ( glucose ) level as a result of the body either not 
producing enough insulin or because body cells do not 
properly respond to the insulin that is produced . 
[ 0004 ] In healthy persons , blood glucose levels are main 
tained within a narrow range , primarily by the actions of the 
hormone insulin . Insulin is released by pancreatic ß - cells at 
an appropriate rate in response to circulating glucose con 
centrations . The response is modulated by other factors , 
including other circulating nutrients , islet innervation , and 
incretin hormones . Insulin maintains glucose concentrations 
by constraining the rate of hepatic glucose release to match 
the rate of glucose clearance . Insulin thus enables body cells 
to absorb glucose , to turn into energy . If the body cells do not 
absorb the glucose , the glucose accumulates in the blood 
( hyperglycemia ) , leading to various potential medical com 
plications such as cardiovascular diseases , kidney failure , 
retinopathy , and neuropathy if not properly controlled . 
[ 0005 ] Type 1 diabetes is typically characterized by loss of 
the insulin - producing B - cells of the islets of Langerhans in 
the pancreas leading to insulin deficiency . This type of 
diabetes can be further classified as immune - mediated or 
idiopathic . The majority of Type 1 diabetes is of the 
immune - mediated nature , where B - cell loss results from 
T - cell mediated autoimmune attack . There is no known 
preventive measure against Type 1 diabetes . Most affected 
people are otherwise healthy and of normal weight when 
onset occurs . 
[ 0006 ] Type 2 diabetes is characterized by B - cell dysfunc 
tion in combination with insulin resistance . The defective 
responsiveness of body tissues to insulin is believed to 
involve the insulin receptor . Similar to Type 1 diabetes , an 
insufficient beta - cell mass is also a pathogenic factor in 
many Type 2 diabetic patients . 
[ 0007 ] Treatments available for both forms of diabetes 
involve therapeutic regimens that are difficult to implement 
and maintain . As both types of diabetes are characterized by 
the loss of B - cell mass due to cell death , the restoration and 
preservation of B - cells mass is a major goal in the treatment 
of diabetes . 
[ 0008 ] Heparanase has been recognized as a regulator of 
cancer development . Many small molecule anti - heparanase 
compounds have been developed because of its use as a 
target for anti - cancer therapy . However , only four carbohy 
drates have advanced to clinical trials . Because these mol 

[ 0010 ] Many of the drawings submitted herein are better 
understood in color . Applicant considers the color versions 
of the drawings as part of the original submission and 
reserves the right to present color images of the drawings in 
later proceedings . 
[ 0011 ] FIG . 1 : Heparanase cleavage at explicit sulfation 
pattern . The process of deriving a sulfated glycopolymer 
inhibitor from natural heparan sulfate ( HS ) binding to the 
positively charged binding domains ( HBD - 1 and HBD - 2 ) of 
heparanase . Heparanase has been shown to cleave at an 
explicit sulfation pattern , specifically , GlcAB ( 1,4 ) GINS 
( 6S ) , along the HS polysaccharide chain . Advantages of this 
process include : Homogenous sulfation ; strong and specific 
binding ; adjustable valency ; and the quick exchange of the 
saccharide motif . 
[ 0012 ] FIG . 2. C2A - C2G Disaccharides with sulfation 
patterns varying at the CO - O , C ( 3 ) -0 , and C ( 2 ) -N posi 
tions . C2A - C2G show the rational design of disaccharide 
motifs bearing the sulfation patterns at the C ( 6 ) -O , C ( 3 ) -0 , 
and C ( 2 ) -N positions of the glucosamine unit . Disaccharides 
C2B and C2C will examine whether C ( 6 ) -0 SO3 located at 
the -2 subsite is critical for recognition . C2B and C2D will 
determine whether the sulfate group located at the C ( 6 ) or 
C ( 3 ) position of the glucosamine unit is more important . 
Disaccharides C2E and C2F will provide a clear picture of 
whether N — S03 groups located at the -2 subsite of 
heparanase could be critically important for heparanase - HS 
interaction . The highly sulfated C2G could have a negative 
or positive impact on HS - heparanase interactions . The letter 
“ C , ” designated for each disaccharide , means Compound . 
[ 0013 ] FIG . 3 : The schematic synthesis of protected disac 
charide motifs C3E - C31 . The synthesis of protected disac 
charide motif C3E includes : N / CF , aceylation ; O - deacety 
lation ; C - 6 and C - 3 sulfation ; and NAP deprotection . The 
synthesis of protected disaccharide motif C3F includes : 
N - sulfation ; NAP removal ; and O - deacetylation . The syn 
thesis of protected disaccharide motif C3G includes : ben 
zylidene removal ; C - 6 and N - sulfation , and NAP deprotec 
tion . The synthesis of protected disaccharide motif C3H 
includes : benzylidene removal ; C - 6 and N - sulfation ; C - 3 
deacetylation ; C - 3 sulfation ; and NAP deprotection . The 
synthesis of protected disaccharide motif C3I includes : C - 6 
NAP protection ; benzylidene removal ; N - sulfation ; C - 3 
deacetylation ; C - 3 sulfation ; and NAP deprotection . 
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[ 0014 ] FIG . 4 : Synthesis of HS - mimicking glycopolymers 
via click chemistry followed by ring - open metathesis 
polymerization ( ROMP ) . Protected disaccharide motifs 
C3E - C3I are partly composed in the structure of C4A . 
Disaccharide C5A - C5F are partly composed in the ring 
opening structure in C4D . 
[ 0015 ] FIG . 5 : Glycopolymer inhibition pattern of hepa 
ranase by HS mimicking glycopolymers using a TR - FRET 
assay . “ DP and molecular weights ( Mn ) were determined via 
H - NMR end group analysis . " Inhibition of heparanase was 
assessed by in vitro TR - FRET assay against fluorescent 
tagged heparan sulfate . 
[ 0016 ] FIG . 6 : Positioning of the natural HS substrate , 
GlcNS ( 6S ) a ( 1,4 ) GICAB ( 1,4 ) GlcNS ( ES ) a ( 1,4 ) GICA , in the 
active site of human heparanase . This tetrasaccharide was 
docked into the apo crystal structure of heparanase ( PDB 
code : 5E8M ) using the Autodock Vina suite in the YASARA 
program ( Wu , et al . , Nat . Struct . Mol . Biol . 2015 , 22 , 
1016-1022 ; Krieger , et al . , Bioinformatics 2014 , 30 ( 20 ) , 
2981-2982 ; Trott , et al . , J. Comput . Chem . 2010 , 31 ( 2 ) , 
455-461 ) . FIG . 6 was generated using LigPlot * ( Laskowski , 
et al . , J. Chem . Inf . Model . 2011 , 51 ( 10 ) , 2778-2786 ; 
Wallace , et al . , Protein Eng . Des . Sel . 1995 , 8 ( 2 ) , 127-134 ) . 
[ 0017 ] FIG . 7 : Binding affinity of GlcNS ( ES ) a ( 1,4 ) GICA 
glycopolymer to various HS - binding proteins . The binding 
affinity was calculated using Equation 1 as referenced in 
Chai , et al . ( Anal . Biochem . 2009 , 395 ( 2 ) , 263-264 ) . 
[ 0018 ] FIGS . 8A - 8C : Cross bioactivity studies . ( 8A ) The 
biolayer interferometry ( BLI ) trace for the binding of vari 
ous concentrations ( 0.016-50 UM ) of GlcNS ( 6S ) a ( 1,4 ) GICA 
glycopolymer ( DP - 12 ) to FGF - 2 . ( 8E ) shows HUVEC cell 
growth when incubated at 3000 cells / well / 100 uL with 
FGF - 2 or FGF - 2 plus GlcNS ( 6S ) a ( 1,4 ) GICA glycopolymer 
( DP = 12 ) at varying concentrations for three days . The 
absorbance of living cells was measured using CellTiter 96® 
( Promega Corp. , Madison , Wis . ) AQueous One Solution at 
490 nm . Data were normalized to cells incubated with 
medium alone ( set to 100 % ) . Background absorbance from 
the polymer at each concentration and medium alone were 
subtracted from the respective polymer containing samples . 
Only the medium background absorbance was subtracted 
from the rest of the samples . The experiment was repeated 
three times with at least triplicates of each sample per 
experiment ; error bars represent standard deviation . Statis 
tical analysis was done using Welch's t - test . * p < 0.01 com 
pared to cells plus FGF - 2 . ( 8C ) shows the overlay compar 
ing the critical micelle concentration ( CMC ) data of GlcNS 
( 6S ) a ( 1,4 ) GlcA glycopolymer ( DP = 12 ) with the HUVEC 
proliferation data . 
[ 0019 ] FIGS . 9A - 9E . ( 9A ) Mouse pancreatic beta - cell line 
Min - 6 was treated with vehicle , Hpse ( 5 ug / ml ) , Hpse ( 5 
ug / ml ) plus GPM2 inhibitor ( 300 nM ) , or GPM2 alone ( 300 
nM ) for 24 h . The morphology of the cells after the treat 
ments was recorded by B / W contrast microscopy , and sur 
vival cell numbers were counted . ( 9B ) Mouse pancreatic 
beta cells Min - 6 were treated with vehicle , Hpse ( 5 ug / ml ) , 
Hpse ( 5 ug / ml ) plus GPM2 ( 300 nM ) , or GPM2 alone ( 300 
nM ) for 24 h . The cells were stained with mitochondrial 
ROS fluorescent ( red ) probe to indicate mitochondrial meta 
bolic state and DAPI ( blue ) for the nucleus . ( 9C ) Human 
pancreas islets were treated with heparanase ( 10 ug / ml ) , 
heparanase ( 10 ug / ml ) plus inhibitor GPM2 ( 300 nM ) , or 
GPM2 alone ( 300 nM ) for 24 hours . Heparan sulfate ( HS ) 
in human pancreatic islets were stained by Alcian blue 

histochemistry . Blue staining : acidic sulfated mucosub 
stances , hyaluronic acid , sialomucins . Hpse = heparinase 
GPM2 = sulfated glycopolymer - the most potent inhibitor of 
heparinase . ( 9D and 9E ) Human pancreas islets treated with 
vehicle ( PBS ) , heparanase ( 10 ug / ml ) , heparanase plus 
inhibitor GPM2 ( 300 nM ) , or GPM2 alone for 24 hours . 
( 9D ) Heparan sulfate ( HS ) in human pancreatic islets stained 
by Alcian blue histochemistry . ( 9E ) qPCR analyses of levels 
of IL - 8 , IL - 1B , TNFa , and TLR2 transcripts in human islets 
treated with vehicle , Heparansae , and / or GPM2 . 
Mean : SEM . 
[ 0020 ] FIG . 10 : The structure of compound 5A ( C5A ) . 
[ 0021 ] FIG . 11 : The synthetic route for the synthesis of 
trisulfated glycopolymer ( C5D ) . 
[ 0022 ] FIG . 12 : The synthetic route for the synthesis of 
C ( 3 ) -SON - SO3 disulfated glycopolymer ( C5C ) . 
[ 0023 ] FIG . 13 : The synthesis for the removal of N - ben 
zylidene for disaccharide ( C3B ) . 
[ 0024 ] FIG . 14 : The synthetic route for N - acetylated dis 
ulfated glycopolymer ( C5E ) . 
[ 0025 ] FIG . 15 : The synthetic route for free amine disul 
fated glycopolymer ( C5F ) . 
[ 0026 ] FIG . 16 : The synthetic route for N - sulfated glyco 
polymer ( C5B ) . 
[ 0027 ] FIGS . 17A - 17F : Computational docking study . For 
the docking studies , the disclosure used the apo heparanase 
structure ( PDB code : 5E8M ) ( Wu , et al . , Nat . Struct . Mol . 
Biol . 2015 , 22 , 1016-1022 . ) . ( 17A ) shows C ( O ) -SO3N — S03 
disulfated monomer docked into heparanase . ( 17B ) shows 
trisulfated monomer docked into heparanase . ( 17C ) shows 
N - acetylated disulfated monomer docked into heparanase . 
( 17D ) shows free amine disulfated monomer docked into 
heparanase . ( 17E ) shows N - sulfated monomer docked into 
heparanase . ( 17F ) shows C ( 3 ) -SO2NSO , disulfated 
monomer docked into heparanase . 
[ 0028 ] FIGS . 18A - 18F : Biological assay protocols . The 
inhibition of heparanase by polymers of different sulfation 
patterns . ( 18A ) shows the inhibition of heparanase by C ( 6 ) 
SOŽN — S0z disulfated glycopolymer ( C5A ) . ( 18B ) shows 
the inhibition of heparanase by N - sulfated glycopolymer 
( C5B ) . ( 18C ) shows the inhibition of heparanase by C ( 3 ) 
SOŽN — S0z disulfated glycopolymer ( C5C ) . ( 18D ) shows 
the inhibition of heparanase by trisulfated glycopolymer 
( C5D ) . ( 18E ) shows the inhibition of heparanase by 
N - acetylated disulfated glycopolymer ( C5E ) . ( 18F ) shows 
the inhibition of heparanase by free amine disulfated gly 
copolymer ( C5F ) . 
[ 0029 ] FIGS . 19A - 19U : FGF - 2 induced cell proliferation 
assay . The BLI sensorgrams and fitted response curves . 
FIGS . ( 19A ) - ( 19C ) show BLI sensorgrams and fitted 
response curves for the analysis of FGF - 1 and heparin . 
Analysis of stoichiometry for FGF - 1 / heparin was fitted for 
a segmented linear regression equation . FIGS . ( 19D ) and 
( 19E ) show a BLI sensorgram and fitted response curve for 
the analysis of FGF - 1 and glycopolymer ( C5A ) . FIGS . ( 19F ) 
and ( 19G ) show a BLI sensorgram and fitted response curve 
for the analysis of FGF - 2 and heparin . FIGS . ( 19H ) and 
( 191 ) show a BLI sensorgram and fitted response curve for 
the analysis of FGF - 2 and glycopolymer ( C5A ) . FIGS . ( 191 ) 
and ( 19K ) show a BLI sensorgram and fitted response curve 
for the analysis of VEGF and heparin . FIGS . ( 19L ) and 
( 19M ) show a BLI sensorgram and fitted response curve for 
the analysis of VEGF and glycopolymer ( C5A ) . FIGS . 
( 19N ) and ( 190 ) show a BLI sensorgram and fitted response 
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following conditions : PTSA , Ac2 , 70 ° C. , 2 h then HBr / 
AcOH , CH2Cl2 , 0 ° C. , 15 min . 
[ 0042 ] FIG . 32 : Synthesis of disaccharide 41 and 3 using 
various reaction conditions . 
[ 0043 ] FIG . 33 : Anomerization of B - bromide to a - bro 
mide for disaccharide 1 using various reaction conditions . 
[ 0044 ] FIG . 34 : Attempted isomerization of disaccharide 3 
using various reaction conditions ( including the addition of 
disaccharide 2 in the reaction ) . 
[ 0045 ] FIG . 35 : Example spectra array for a kinetic experi 
ment . 
[ 0046 ] FIG . 36 : Example rate plot for a kinetic experiment 
showing product concentration versus time . 
[ 0047 ] FIG . 37 : Rate of reaction versus catalyst concen 
tration . 
[ 0048 ] FIG . 38 : Rate of reaction versus acceptor concen 
tration . 
[ 0049 ] FIG . 39 : Product formation versus time at different 
equivalent of isobutylene oxide ( IBO ) . 
[ 0050 ] FIG . 40 : Phenanthroline - catalyzed glycosylation 
reactions carried out using various reacting conditions . 
[ 0051 ] FIG . 41 : Gram scale synthesis of disaccharide 3 . 
[ 0052 ] FIG . 42 : Synthesis of disaccharide 34 . 
[ 0053 ] FIG . 43 : Synthesis of disaccharide 35 . 
[ 0054 ] FIG . 44 : Synthesis of tetraccharide 37 . 
[ 0055 ] FIG . 45 : Synthesis of disaccharide 38 . 
[ 0056 ] FIG . 46 : Synthesis of disaccharide 40 . 
[ 0057 ] FIG . 47 : Synthesis of product 1P . 
[ 0058 ] FIG . 48 : Rate equation derivation . 
[ 0059 ] FIGS . 49A - 49N : Optimized structures and corre 
sponding cartesian coordinates . 

curve for the analysis of PF4 and heparin . FIGS . ( 19P ) and 
( 19Q ) show a BLI sensorgram and fitted response curve for 
the analysis of PF4 and glycopolymer ( C5A ) . FIGS . ( 19R ) 
and ( 19S ) show a BLI sensorgram and fitted response curve 
for the analysis of P - selectin and heparin . FIGS . ( 19T ) and 
( 19U ) show a BLI sensorgram and fitted response curve for 
the analysis of P - selectin and glycopolymer ( C5A ) . 
[ 0030 ] FIG . 20 : The strategies for substrate - controlled 
glycosylation . ( A ) shows the general structures of 1,2 - trans- , 
1,2 - cis- , and a - 2 - deoxy carbohydrates . ( B ) shows the influ 
ence of C - 2 neighboring group on 1,2 - trans glycoside for 
mation . ( C ) shows the Influence of C - 2 non - participatory 
group on 1,2 - cis glycoside formation . 
[ 0031 ] FIG . 21 : The strategies for catalyst - controlled gly 
cosylation . ( A ) shows the retaining glycosyltransferases 
catalyzed a - glycosylation . ( B ) shows the proposed mecha 
nism for phenanthroline - catalyzed a - stereoretentive 
glycosylation for access axial 1,2 - cis glycosides . 
[ 0032 ] FIGS . 22A - 22C : The catalytic glycosylations . 
( 22A ) shows the reaction development with phenanthroline 
catalyst . ( 22B ) shows a standard setup for the construction 
of disaccharide 3. ( 22C ) shows a gram - scale glycosylation 
reaction . Yields were determined by isolation after chro 
matographic purification . Diastereomeric ( a / p ) ratios were 
determined through analysis by proton nuclear magnetic 
resonance ( ' H NMR ) spectroscopy . 
[ 0033 ] FIG . 23 : Screening of small - molecule catalysts . 
[ 0034 ] FIG . 24 : Screening of hydrogen bromide ( HBr ) 
scavengers . 
[ 0035 ] FIG . 25 : Increase catalyst loading in the reaction to 
obtain disaccharide 3 and 1 . 
[ 0036 ] FIG . 26 : The effect of concentration by introducing 
a range of concentration parameters to obtain disaccharide 3 . 
[ 0037 ] FIG . 27 : The effect of various solvents when added 
to the reaction to obtain disaccharide 3 . 
[ 0038 ] FIG . 28 : The effect of reaction temperature when a 
specific temperature is added to the reaction . 
[ 0039 ] FIG . 29 : Scope with respect to glucose electro 
philes . While acetyl - protected electrophiles were conducted 
at 50 ° C. , fully protected benzyl - derived electrophiles were 
conducted at 25 ° C. Yields were determined by isolation 
after chromatographic purification . Diastereomeric ( a / b ) 
ratios were analyzed by ' H NMR spectroscopy . 
[ 0040 ] FIG . 30 : Mechanistic studies . In ( A ) , the Identifi 
cation of B - phenanthrolium ion was accomplished by using 
mass spectroscopy . ( B ) shows the effect of glycosyl bromide 
configuration . ( C ) and ( D ) show the kinetics of the reaction 
of isopropanol with glycosyl bromide . ( E ) and ( F ) show the 
intermediate structure calculated using the B3LYP / 6-31 + G 
( d , p ) level with the solvent model density ( SMD ) solvent 
model . ( G ) and ( H ) show the non - covalent interactions plot 
( reduced density gradient isosurface = 0.3 ) for the optimized 
structure at B3LYP / 6-31 + G ( d , p ) . The nitrogen surfaces rep 
resent attractive interactions , and the carbon surfaces rep 
resent repulsive interactions . 
[ 0041 ] FIG . 31 : Synthesis of octasaccharide . ( a ) shows the 
reactants used were : 5-15 mol % of catalyst 4 , IBO ( 2 
equiv . ) , MTBE ( 2 M ) , 50 ° C. , 24 h , 34 : 89 % , a : ß > 25 : 1 ; 
37 : 86 % , a : B > 25 : 1 ; 40 : 77 % , a : B > 25 : 1 . ( b ) shows various 
solvents , temperature , and disaccharides percentages used in 
the reaction includes : NaOMe , MeOH , CH2Cl2 , 25 ° C. , 
35 : 99 % , 38 : 70 % . ( c ) shows that glycosyl bromides 36 and 
39 were prepared from 34 and 37 , respectively , using the 

DETAILED DESCRIPTION 
[ 0060 ] Diabetes is characterized as a disease in which the 
levels of blood sugar are too high because the body does not 
produce enough insulin to meet its needs or resists the effects 
of insulin . B cells in the pancreas produce insulin , which , in 
turn , attaches to and signals liver or muscle cells to absorb 
sugar . People with type I diabetes ( T1D ) do not make insulin 
because their pancreatic ß cells are damaged or destroyed . 
These patients require daily insulin injections to lower their 
blood sugar levels . People with type 2 diabetes ( T2D ) are 
initially resistant to insulin ; however , the patients eventually 
need insulin shots to allow their body to process sugar and 
prevent complications . 
[ 0061 ] Forty percent of diabetic patients develop diabetic 
nephropathy ( DNP ) , which affects their kidneys ' ability to 
remove waste products and extra fluid from their body . 
Diabetic nephropathy is the most common cause of renal 
failure and end - stage renal disease . 
[ 0062 ] Glycosidases , a class of enzymes that catalyze the 
hydrolysis of glycosidic bonds in complex sugars , play a 
vital role in cellular function ( Vocadlo , et al . , Curr . Opin . 
Chem . Biol . 2008 , 12 ( 5 ) , 539-555 ) . As a result , the modu 
lation of glycosidases ' biological activity is a major target 
for drug discovery ( Compain , et al . , ChemBioChem 2014 , 
15 ( 9 ) , 1239-1251 ) . Heparanase is an endolytic enzyme that 
cleaves the internal B- ( 1,4 ) -glycosidic bond between glu 
curonic acid ( GlcA ) and N - sulfated glucosamine ( GlcNS ) 
along heparan sulfate ( HS ) saccharide chains which consti 
tute the extracellular matrix ( ECM ) and basement mem 
branes ( Rivara , et al . , Future Med . Chem . 2016 , 8 ( 6 ) , 
647-680 ; Vlodavsky , et al . , Drug Resist . Updates 2016 , 29 , 



US 2021/0205350 A1 Jul . 8 , 2021 
4 

54-75 ; Pisano , et al . , Biochem . Pharmacol . 2014 , 89 ( 1 ) , 
12-19 ; Vlodavsky , et al . , Nat . Med . 1999 , 5 , 793 ) . 
[ 0063 ] Human pancreatic ß cells , like mouse pancreatic ß 
cells , contain high levels of heparan sulfate that is lost from 
the ß cells in Type - 1 diabetes ( T1D ) patients . During TID , 
the immune system produces heparanase ( Hpse ) that 
destroys heparan sulfate ( HS ) within ß cells and causes their 
death . 

ing affinity to various heparan sulfate - binding proteins and 
minimal anticoagulant activity compared to the anticoagu 
lating molecule heparin . 
[ 0067 ] In particular embodiments , high affinity refers to a 
higher apparent dissociation constant of the anti - heparanase 
glycopolymer when bound to various heparan sulfate - bind 
ing proteins , as compared to heparin dissociation constant . 
For example , heparin naturally binds the proteins FGF - 1 , 
FGF - 2 , VEGF , and PF4 . When measured by a solution 
based biolayer interferometry ( BLI ) assay , heparin was 
found to have a dissociation constant ( in nM ) of 4.6 + 3.3 , 
0.15 + 0.11 , 4.91 1.55 , and 0.31 + 0.028 , respectively , when 
calculated using the Equation : 

F = Fo + ( FMAX – Fo ) 

( n [ P ] ; + [ M ] ; + Kp ) - V ( n [ P ] ; + [ M ] ; + Kp ) 2 – 4n [ P ] y [ M ] , 
2n [ P ] T 

[ 0064 ] Heparanase is the only known human enzyme that 
degrades HS . Heparanase has been recognized as a regulator 
of cancer development and progression . Recent studies 
demonstrated the critical role of heparanase in the develop 
ment of DNP in mice and attested this enzyme as a prom 
ising target for diabetic therapeutics . Because it is a desir 
able target for anti - cancer and diabetic therapy , many anti 
heparanase ase small molecules have been developed . However , 
only four carbohydrates have advanced to clinical trials . 
Because these molecules are heterogeneous in size and 
sulfation pattern , however , they led to nonspecific binding 
and unforeseen adverse effects , and their translation into 
clinical application was terminated . Moreover , among these 
four carbohydrate molecules , only PI - 88 , a sulfated oli 
gomannan mixture ( Scheme 1 ) , has been found to drastically 
reduce T1D incidence in diabetes - prone NOD mice , thus 
preserving islet p cell HS . Because PI - 88 displays antico 
agulant properties and is unable to sufficiently produce 
platelets that help blood clot due to antibody - induced throm 
bocytopenia , however , its potential use for diabetic treat 
ment is limited . 

[ 0065 ] The current disclosure describes the synthesis of 
the carbohydrate molecule , glycopolymer 2 , incorporated 
with multiple sugar units ( n = 12 ) . This multivalent glycopo 
lymer 2 efficiently mimics the properties of naturally exist 
ing HS , acts as a potent and specific inhibitor of heparanase 
( IC50 = 0.10 nM ) , and has low affinity for many HS - binding 
proteins , which are responsible for many adverse effects . 
Results described herein show that treatment of cultured 
mouse pancreatic B cells with heparanase significantly 
reduced their survival . In stark contrast , p cells treated with 
heparanase plus glycopolymer 2 showed a survival rate 
comparable to the B cells treated with the vehicle phosphate 
buffered saline ( PBS ) . Human insulin - secreting pancreatic 
islet cells provided by the United Network for Organ Shar 
ing were isolated and treated with heparanase ( 10 ug / ml ) in 
the presence or absence of the glycopolymer 2 ( 300 nM ) . 
Alcian blue staining of Heparan sulfate ( HS ) contents indi 
cated that glycopolymer 2 protected the human islets from 
the destruction of extracellular HS contents caused by 
heparanase elevation . The extracellular HS contents play 
important roles in preserving pancreas ß cell function and 
protecting ß cells from destruction by heparanase under the 
state of T1D / DNP . 

where F is the fluorescence signal , F , is the signal from a 
blank , Fmax corresponds to the maximal fluorescence inten 
sity , K ) is the dissociation constant , and n is the number of 
independent binding sites . Using the same assay , anti 
heparanase compounds described herein ( e.g. , glycopolymer 
20 ) was found to have dissociation constants ( in nM ) of 
2000 , 691-162 , 281 162 , 281–162 , and 45 : 5.11 , respec 
tively . Accordingly , “ high affinity ” can be at least 2x higher 
binding affinity , at least 4x higher binding affinity , at least 8x 
higher binding affinity , at least 16x higher binding affinity , at 
least 32x higher binding affinity , at least 64x higher binding 
affinity , at least 85x higher binding affinity , at least 100x 
higher binding affinity or more when compared to heparin's 
binding to the same heparan sulfate - binding protein . 
[ 0068 ] In particular embodiments , minimal anticoagulant 
activity is measured by the anti - heparanase glycopolymer's 
binding affinity to antithrombin III ( ATIII ) , compared to the 
anticoagulating molecule heparin's binding affinity to ATIII . 
In particular embodiments , minimal anticoagulant activity 
means that the glycopolymer's binding affinity to ATIII is 
reduced compared to heparin's binding affinity to ATIII . The 
reduction can beat least a 10 % reduction , at least a 20 % 
reduction , at least a 30 % reduction , at least a 50 % reduction , 
or more . In particular embodiments , minimal anticoagulant 
activity means that the anti - heparanase glycopolymer has no 
detectable binding to ATIII . In particular embodiments , 
minimal anticoagulant activity means that no coagulant 
activity is detected in a coagulation assay . 
[ 0069 ] Aspects of the current disclosure are now described 
with additional detail and options as follows : ( i ) Compounds 
for Use as Diabetes Treatments ; ( ii ) Compositions for 
Administration ; ( iii ) Methods of Use ; ( iv ) Experimental 
Examples ; and ( v ) Closing Paragraphs . 
[ 0070 ] ( i ) Compounds for Use as Diabetes Treatments . In 
one aspect , the present disclosure describes the use of 
compounds that are useful for inhibiting heparanase for the 
treatment of diabetes . In particular embodiments , the dis 
closure provides use of a compound of formula II : 

[ 0066 ] As indicated , in particular embodiments , the anti 
heparanase glycopolymers disclosed herein have high bind 
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( II ) 

NaOzSO 
HO 
HO CO2Na 

NH 
NaOzs HO 

HO 

wherein : 

X is O or 

[ 0071 ] 

repen Fri Rl ; 

[ 0074 ] The term saccharide includes monosaccharides , 
disaccharides , trisaccharides , and polysaccharides . The term 
includes glucose , galactose , glucosamine , galactosamine , 
glucuronic acid , idouronic acid , sucrose fructose , and ribose , 
as well as 2 - deoxy sugars such as deoxyribose and the like 
or 2 - fluoro - 2 - deoxy - sugar . Saccharide derivatives can con 
veniently be prepared as described in International Patent 
Applications Publication Numbers WO 96/34005 and 
97/03995 . A saccharide can conveniently be linked to the 
remainder of a compound of formula I through an ether 
bond . 
[ 0075 ] Linker . As described herein , the targeting element 
can be bonded ( connected ) to the remainder of the targeted 
conjugate agent through an optional linker . In particular 
embodiments , the linker is absent ( e.g. , the targeting element 
can be bonded ( connected ) directly to the remainder of the 
targeted conjugate ) . The linker can be variable provided the 
targeting conjugate functions as described herein . The linker 
can vary in length and atom composition and , for example , 
can be branched or non - branched or cyclic or a combination 
thereof . The linker may also modulate the targeted conjugate 
properties , such as solubility , stability , and aggregation . 
[ 0076 ] Since the linkers used in the targeted conjugates 
( e.g. , linkers including polyethylene glycol ( PEG ) ) can be 
highly variable , it is possible to use different sizes and types 
of targeting elements and still maintain the desired and / or 
optimal pharmacokinetic profile for the targeted conjugate . 
[ 0077 ] In particular embodiments , the linker includes 
3-5000 atoms . In particular embodiments , the linker 
includes 3-4000 atoms . In particular embodiments , the 
linker includes 3-2000 atoms . In particular embodiments , 
the linker includes 3-1000 atoms . In particular embodi 
ments , the linker includes 3-750 atoms . In particular 
embodiments , the linker includes 3-500 atoms . In particular 
embodiments , the linker includes 3-250 atoms . In particular 
embodiments , the linker includes 3-100 atoms . In particular 
embodiments , the linker includes 3-50 atoms . In particular 
embodiments , the linker includes 3-25 atoms . 
[ 0078 ] In particular embodiments , the linker includes 
10-5000 atoms . In particular embodiments , the linker 
includes 10-4000 atoms . In particular embodiments , the 
linker includes 10-2000 atoms . In particular embodiments , 
the linker includes 10-1000 atoms . In particular embodi 
ments , the linker includes 10-750 atoms . In particular 
embodiments , the linker includes 10-500 atoms . In particu 
lar embodiments , the linker includes 10-250 atoms . In 
particular embodiments , the linker includes 10-100 atoms . 
In particular embodiments , the linker includes 10-50 atoms . 
In particular embodiments , the linker includes 10-25 atoms . 
[ 0079 ] In particular embodiments , the linker includes 
atoms selected from H , C , N , S , and O. 
[ 0080 ] In particular embodiments , the linker includes 
atoms selected from H , C , N , S , P , and O. 
[ 0081 ] In particular embodiments , the linker includes a 
branched or unbranched , saturated or unsaturated , hydrocar 
bon chain , having from 1 to 1000 ( or 1-750 , 1-500 , 1-250 , 
1-100 , 1-50 , 1-25 , 1-10 , 1-5 , 5-1000 , 5-750 , 5-500 , 5-250 , 
5-100 , 5-50 , 5-25 , 5-10 or 2-5 carbon atoms ) wherein one or 
more of the carbon atoms is optionally replaced indepen 
dently by —O- , -S , -N ( R ) — , 3-7 membered hetero 
cycle , 5-6 - membered heteroaryl or carbocycle and wherein 
each chain , 3-7 membered heterocycle , 5-6 - membered het 
eroaryl or carbocycle is optionally and independently sub 
stituted with one or more ( e.g. , 1 , 2 , 3 , 4 , 5 or more ) 

Y is 0 or – CH2— ; n is an integer from 2-100 
inclusive ; R ' is OH or N ( H ) -L - Rº ; L is a linking group ; Rº 
is a saccharide or disaccharide , which saccharide or disac 
charide includes one or more SO3Na groups ; and the dash 
bond --- is a single bond or a double bond ; or a salt thereof . 
[ 0072 ] The following definitions are used unless otherwise 
described : ha is fluoro , chloro , bromo , or iodo . Alkyl , 
alkoxy , alkenyl , alkynyl , etc. denote both straight and 
branched groups ; but reference to an individual radical such 
as propyl embraces only the straight chain radical , a 
branched chain isomer such as isopropyl being specifically 
referred to . Aryl denotes a phenyl radical or an ortho - fused 
bicyclic carbocyclic radical having nine to ten ring atoms in 
which at least one ring is aromatic . Heteroaryl encompasses 
a radical of a monocyclic aromatic ring containing five or six 
ring atoms consisting of carbon and one to four heteroatoms 
each selected from the group consisting of non - peroxide 
oxygen , sulfur , and N ( X ) wherein X is absent or is H , O , 
( C7 - C4 ) alkyl , phenyl or benzyl , as well as a radical of an 
ortho - fused bicyclic heterocycle of eight to ten ring atoms 
including one to four heteroatoms each selected from the 
group consisting of non - peroxide oxygen , sulfur , and N ( X ) . 
[ 0073 ] The term “ alkyl , ” by itself or as part of another 
substituent , means , unless otherwise stated , a straight or 
branched chain hydrocarbon radical , having the number of 
carbon atoms designated ( i.e. , C. - 8 means one to eight 
carbons ) . Examples include ( C - C3 ) alkyl , ( C2 - C2 ) alkyl , 
C.-C. ) alkyl , ( C2 - C . ) alkyl , and ( Cz - C ) alkyl . Examples of 
alkyl groups include methyl , ethyl , n - propyl , iso - propyl , 
n - butyl , t - butyl , iso - butyl , sec - butyl , n - pentyl , n - hexyl , 
n - heptyl , n - octyl , and higher homologs and isomers . 
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substituents selected from ( C , -C . ) alkyl , ( C.-C. ) alkoxy , ( C3 
C ) cycloalkyl , ( C , -C . ) alkanoyl , ( C.-C. ) alkanoyloxy , ( C , 
C. Jalkoxycarbonyl , ( C - C . ) alkylthio , azido , cyano , nitro , 
halo , -N ( Rº ) 2 , hydroxy , oxo ( O ) , carboxy , aryl , aryloxy , 
heteroaryl , and heteroaryloxy , wherein each Rº is indepen 
dently H or ( C2 - C . ) alkyl . In particular embodiments , the 
linker includes a branched or unbranched , saturated or 
unsaturated , hydrocarbon chain , having from 1 to 1000 ( or 
1-750 , 1-500 , 1-250 , 1-100 , 1-50 , 1-25 , 1-10 , 1-5 , 5-1000 , 
5-750 , 5-500 , 5-250 , 5-100 , 5-50 , 5-25 , 5-10 or 2-5 carbon 
atoms ) wherein one or more of the carbon atoms is option 
ally replaced independently by O S , —N ( Rº ) , 
wherein each R is independently H or ( C , -C ) alkyl . 
[ 0082 ] In particular embodiments , the linker includes a 
polyethylene glycol . In particular embodiments , the linker 
includes a polyethylene glycol linked to the remainder of the 
targeted conjugate by a carbonyl group . In particular 
embodiments , the polyethylene glycol includes 1 to 500 or 
5 to 500 or 3 to 100 repeat ( e.g. , CH2CH20 ) units 
( Greenwald , R. B. , et al . , Poly ( ethylene glycol ) Prodrugs : 
Altered Pharmacokinetics and Pharmacodynamics , Chapter , 
2.3.1 . , 283-338 ; Filpula , D. , et al . , Releasable PEGylation of 
proteins with customized linkers , Advanced Drug Delivery , 
60 , 2008 , 29-49 ; Zhao , H. , et al . , Drug Conjugates with 
Poly ( Ethylene Glycol ) , Drug Delivery in Oncology , 2012 , 
627-656 ) . 
[ 0083 ] In particular embodiments the linker is —NH 
( CH2CH2O ) 4CH2CH2C ( = O ) . In particular embodiments 
the linker is NH ( CH2CH2O ) , CH2CH2C ( = O ) wherein 
n is 1-500 , 5-500 , 3-100 , 5-50 , 1-50 , 1-20 , 1-10 , 1-5 , 2-50 , 
2-20 , 2-10 , 2-5 , 3-50 , 3-20 , 3-10 , 3-5 , 4-50 , 4-20 , 4-10 , 4-5 . 
In particular embodiments the linker is ( CH2CH2 ) 
ACH , CH_C ( O ) 
[ 0084 ] It will be appreciated by those skilled in the art that 
compounds of the disclosure having a chiral center may 
exist in and be isolated in optically active and racemic 
forms . Some compounds may exhibit polymorphism . It is to 
be understood that the present disclosure encompasses any 
racemic , optically - active , polymorphic , or stereoisomeric 
form , or mixtures thereof , of a compound of the disclosure , 

which possesses the useful properties described herein , it 
being well known in the art how to prepare optically active 
forms ( for example , by resolution of the racemic form by 
recrystallization techniques , by synthesis from optically 
active starting materials , by chiral synthesis , or by chro 
matographic separation using a chiral stationary phase . 
[ 0085 ] When a bond in a compound formula herein is 
drawn in a non - stereochemical manner ( e.g. , flat ) , the atom 
to which the bond is attached includes all stereochemical 
possibilities . When a bond in a compound formula herein is 
drawn in a defined stereochemical manner ( e.g. , bold , bold 
wedge , dashed , or dashed - wedge ) , it is to be understood that 
the atom to which the stereochemical bond is attached is 
enriched in the absolute stereoisomer depicted unless oth 
erwise noted . In particular embodiments , the compound may 
be at least 51 % of the absolute stereoisomer depicted . In 
another embodiment , the compound may be at least 60 % of 
the absolute stereoisomer depicted . In another embodiment , 
the compound may be at least 80 % of the absolute stereoi 
somer depicted . In another embodiment , the compound may 
be at least 90 % of the absolute stereoisomer depicted . In 
another embodiment , the compound may be at least 95 % of 
the absolute stereoisomer depicted . In another embodiment , 
the compound may be at least 99 % of the absolute stereoi 
somer depicted . 
[ 008 ] In particular embodiments , X is O and Y is 
0— ; or X is 

min fu R 
and Y is CH2– 

[ 0087 ] In particular embodiments , the compound of for 
mula II is a compound of formula I : 

( 1 ) NaOzso 
HO 
HO CO2Na 

NH 
NaOzs ?? . 

HO 

R 
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wherein : n is an integer from 2-100 inclusive ; R ' is OH or 
a salt or- N ( H ) -L - R “ ; L is a linking group ; and Ra is a 
saccharide or disaccharide , which saccharide or disaccharide 
includes one or more —SO2H groups ; or a salt thereof . 
[ 0088 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( la ) : 

( la ) 
NaO3SO 
HO 
HO CO2Na 

NH 
NaOzs ?? . 

HO 

ONa ; 

[ 0089 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Ib ) : 

( Ib ) 
NaO3SO 
HO 
HO CO2Na + 

HN 

NaOzs7 HO 
HO 
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[ 0090 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Ic ) : 

( Ic ) 
NaOzso 
HO 
HO CO2Na 

NH 
NaOzs 

HO 

HO 

Ra ; 

n 

[ 0091 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Id ) : 

( Id ) 
NaO3SO 
HO 
HO CO2Na 

NH 
NaOzs 

HO 

ONa ; 

wherein : n is an integer from 2-100 inclusive ; the saccharide 
or disaccharide includes one or more SO2H groups , one or 
more F- groups . 
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[ 0092 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( le ) : 

( le ) 
NaOzso 
HO 

F CO2Na 
NH 

NaOzS HO 
OH 

ONa ; 

n 

[ 0093 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( If ) : 

( If ) 
NaOzso 
HO 
HO CO2Na 

F. 

HO 

OH 

ONa 
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[ 0094 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Ig ) : 

( Ig ) 
Na0350 
HO 

?? . CO2Na 
F 

HO 

Il 

ONa 

[ 0095 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Ila ) : 

( IIa ) 
NaOzso 
HO 
HO CO Na 

NH 

NaO3S HO 

HO 

0 

ONa ; 

..11117 
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[ 0096 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( IIb ) : 

( IIb ) 
NaO3SO 

HO 
HO CO2Na 

HN 

NaOzS HO 

HO 

N N CO2Na ; 

[ 0097 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( IIc ) : 

( IIC ) 
NaOzso 
HO 
HO CO Na 

NH 

NaO3S HO 

HO 

N Ra ; 

..10111 
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[ 0098 ] In particular embodiments , the compound of for 
mula II is a compound of formula ( Id ) : 

-continued 
HO3SO 
HO 
?? . CO2H ???? ( IId ) HN 

and 
NaO3SO HO SO HO rihm HO HO 

HO CO2Na 
NH 

NaOzs HO 
HO HO3SO 

HO 
?? . 

HN 

HOzso HO380 
HO2C OH 

[ 0101 ] In particular embodiments , Rº is selected from : 
[ 0102 ] In particular embodiments , Rº is selected from : 

NaOzso NaOzso 
HO : 
HO 

HO 

NaO3S 
HN HN 

NaO3S nhu HO3SO nhum 
NaO3SO 
HO 
HO CONa 

HN 
and NaOzs HO 

[ 0099 ] When n is an integer from 2-100 inclusive , this 
means n can be 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 
16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 
32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 
48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 
64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 
80 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 88 , 89 , 90 , 91 , 92 , 93 , 94 , 95 , 
96 , 97 , 98 , 99 , or 100. In particular embodiments , n can be 
more than 100. “ When n is an integer from 2-100 inclusive ” 
has the same meaning as " wherein n = 2-100 repeating units ” . 
[ 0100 ] In particular embodiments , L is between 5 and 75 
Angstroms inclusive in length . In particular embodiments , L 
is between 5 and 50 Angstroms inclusive in length . In 
particular embodiments , L is between 10 and 30 Angstroms 
inclusive in length . In particular embodiments , L includes an 
ether containing chain . In particular embodiments , L is a 
branched or unbranched , saturated or unsaturated , hydrocar 
bon chain , having from 1 to 20 carbon atoms , wherein one 
or more of the carbon atoms is optionally replaced indepen 
dently by 0 % 0 % , —S , —N ( R ) , wherein each R * is 
independently H or ( C.-C. ) alkyl , wherein the hydrocarbon 
chain is optionally substituted with one or more groups 
selected from -OXO- , halo and hydroxy . In particular embodi 
ments , L CH2CH OCH2CH2 
NHCH , CH , OCH , CH , — . In particular embodiments , L 

is_CH_CH , OCH_CH_— . In particular embodiments , L is 
NHCH , CH OCH , CH , — . In particular embodiments , R? 

is a saccharide . In particular embodiments , Rº is a disac 
charide . 

HO 

NaO3SO 
HO 
HO 

HN 

NaOzS NaOzSO 
NaO2C OH 

1S or in . 

[ 0103 ] In particular embodiments , Rais : 

NaOzso 
HO3SO HO3SO HO 

HO HO 
HO 

HO 

HO3SO HN 

HN HN NaOzS 
HO3SO minor HO3SO mor 
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[ 0104 ] In particular embodiments , the compound of for 
mula II is : 

NaO3SO 
HO 
HO CO2Na 

NaO3SO NH 

NaO3S HO HO 
HO CO2Na HO 

NH 

NaO3S ?? . 

HO 

N NH 

N 

[ 0105 ] In particular embodiments , the compound of for 
mula II is : 

NaOzso 
HO NaO3SO 
HO CO2Na HO 

NaO3SO NH 
NH NaOzS HO 

HO NaO3S 

O 

NH 3 




















































































