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(57) ABSTRACT 

This invention pertains generally to Valency molecules, Such 
as Valency platform molecules which act as Scaffolds to 
which one or more molecules may be covalently tethered to 
form a conjugate. More particularly, the present invention 
pertains to Valency platform molecules which comprise a 
carbamate linkage (i.e., -O-C(=O)-N-). In one aspect, 
the present invention pertains to Valency platforms compris 
ing carbamate linkages, which molecules have the Structure 
of any one of Formulae I, II, or III, shown in FIG.1. In one 
aspect, the present invention pertains to Valency platforms 
comprising carbamate linkages, which molecules have the 
structure of any one of Formulae IV, V, or VI, shown in FIG. 
8. The present invention also pertains to methods of prepar 
ing Such Valency platform molecules, conjugates comprising 
Such Valency platform molecules, and methods of preparing 
Such conjugates. 
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Figure 2 
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Figure 3 
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Figure 8 
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Figure 14A 
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Figure 17A 
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VALENCY PLATFORM MOLECULES 
COMPRISING CARBAMATE LINKAGES 

RELATED APPLICATIONS 

0001. This application claims the priority benefit of pro 
visional application U.S. Serial No. 60/111,641, filed Dec. 9, 
1998, the contents of which are incorporated herein in their 
entirety. 

TECHNICAL FIELD 

0002 This invention pertains generally to valency mol 
ecules. The invention also relates to the field of valency 
platform molecules which act as Scaffolds to which one or 
more molecules may be covalently tethered to form a 
conjugate. More particularly, the present invention pertains 
to Valency molecules which comprise a carbamate linkage 
(i.e., -O-C(=O)-N-). In one aspect, the present inven 
tion pertains to Valency platforms comprising carbamate 
linkages, which molecules have the Structure of any one of 
Formulae I, II, or III, shown in FIG. 1. In one aspect, the 
present invention pertains to Valency platforms comprising 
carbamate linkages, which molecules have the Structure of 

Formula I 
O 

RC 1-c-to-o- y 
| RN). 

O O O 

any one of Formulae IV, V, or VI, shown in FIG. 8. The 
present invention also pertains to methods of preparing Such 
Valency molecules, conjugates comprising Such Valency 
molecules, and methods of preparing Such conjugates. 

BACKGROUND 

0003. A “valency platform' is a molecule with one or 
more (and typically multiple) attachment sites which can be 
used to covalently attach biologically active molecules of 
interest to a common Scaffold. The attachment of biologi 
cally active molecules to a common Scaffold provides mul 
tivalent conjugates in which multiple copies of the biologi 
cally active molecule are covalently linked to the same 
platform. A “defined” or “chemically defined” valency plat 
form is a platform with defined structure, thus a defined 
number of attachment points and a defined Valency. A 
defined Valency platform conjugate is a conjugate with 
defined Structure and has a defined number of attached 
biologically active compounds. Examples of biologically 
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active molecules include oligonucleotides, peptides, 
polypeptides, proteins, antibodies, Saccharides, polysaccha 
rides, epitopes, mimotopes, drugs, and the like. In general, 
biologically active compounds interact specifically with 
proteinaceous receptorS. 

0004 Certain classes of chemically defined valency plat 
forms, methods for their preparation, conjugates comprising 
them, and methods for the preparation of Such conjugates, 
have been described in the U.S. Pat. Nos. 5,162,515; 5,391, 
785; 5,276,013; 5,786,512; 5,726.329; 5,268.454; 5,552, 
391; 5,606,047; and 5,663,395. 

0005 The valency platforms of the present invention 
reflect a new class of Valency platforms which comprise a 
carbamate linkage, as shown, for example, in Formulae I, II, 
and III in FIG. 1 and in Formulae IV, V, and VI in FIG. 8. 

SUMMARY OF THE INVENTION 

0006. One aspect of the present invention pertains to a 
Valency platform compound having the Structure of one of 
the following formulae: 

Formula II 

O O 

N 2 | R ), y', 
Formula III 

0007 wherein: 
0008 n is a positive integer from 1 to 10; p 9. 

0009) y', y' and y are independently 1 or 2; 
0010 J independently denotes either an oxygen 
atom or a covalent bond; 

0011 R is selected from the group consisting of: 
0012 hydrocarbyl groups having from 1 to 20 
carbon atoms, 

0013 organic groups consisting only of carbon, 
Oxygen, and hydrogen atoms, and having from 1 
to 20 carbon atoms; 

0.014) organic groups consisting only of carbon, 
OXygen, nitrogen, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 

0.015 organic groups consisting only of carbon, 
Oxygen, Sulfur, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 
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0016 each G', G, and G is independently selected 
from the group consisting of: 
0017 hydrocarbyl groups having from 1 to 20 
carbon atoms, 

0018 organic groups consisting only of carbon, 
Oxygen, and hydrogen atoms, and having from 1 
to 20 carbon atoms; 

0019 organic groups consisting only of carbon, 
OXygen, nitrogen, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 

0020 each RS is independently selected from the 
group consisting of 
0021 hydrogen; 
0022 linear or branched alkyl groups having 
from 1 to 15 carbon atoms; 

0023 alkyl groups comprising an alicyclic struc 
ture and having from 1 to 15 carbon atoms, 

0024 
atoms, 

aromatic groups having from 6 to 20 carbon 

0025 heteroaromatic groups having from 3 to 20 
carbon atoms, 

0026 each Z is independently selected from the 
group consisting of 

0027) -H 
0028) - C(=O)oRCAR 
0029) -(=O)RESTER 
0030) -C(=O)NR'R'' 

0031) wherein: 
0032 each R is organic groups comprising 
from 1 to about 20 carbon atoms; 

0033 each R'' is organic groups comprising 
from 1 to about 20 carbon atoms; 

0034) each group —NR'R' is independently 
Selected from the group consisting of: 

0035) -NH. 
0036) -NHR^ 
0037 - NR^R 
0038 - NRA 

0.039 wherein each monovalent R^ and Rand each 
divalent R^' is independently an organic group 
comprising from 1 to 20 carbon atoms, and further 
comprising a reactive conjugating functional group. 

0040. In one embodiment, said compound has the struc 
ture of Formula I. In one embodiment, Said compound has 
the structure of Formula II. In one embodiment, said com 
pound has the structure of Formula III. In one embodiment, 
said compound has the structure of Formula IV. In one 
embodiment, n is a positive integer from 2 to 4. In one 
embodiment, y', yi, and y are each 2. In one embodiment, 
J is an oxygen atom. In one embodiment, J is a covalent 
bond. In one embodiment, R is selected from the group 
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consisting of hydrocarbyl groups having from 1 to 20 carbon 
atoms. In one embodiment, R is selected from the group 
consisting of: 

0041 -CH-; 

0.042 –CHCH-; 

0043 -CHCHCH-; 

copo 
CH2 

al-Hall () hi, 
olo d 

0044) In one embodiment, R is selected from the group 
consisting of organic groups consisting only of carbon, 
oxygen, and hydrogen atoms, and having from 1 to 20 
carbon atoms. In one embodiment, R is: 

; an 

CH-CH-O-TCH-CH, 

0045 wherein p is a positive integer from 2 to 20. In one 
embodiment, each G', G', and G is independently selected 
from the group consisting of hydrocarbyl groups having 
from 1 to 20 carbon atoms. In one embodiment, each G', G, 
and G is -(CH), wherein q is a positive integer from 
1 to 20. In one embodiment, each G', G, and G is 
independently Selected from the group consisting of organic 
groups consisting only of carbon, Oxygen, and hydrogen 
atoms, and having from 1 to 20 carbon atoms. In one 
embodiment, each G, G', and G is: 

CH- CH- O 1. CH- CH2 

0046 wherein p is a positive integer from 2 to 20. In one 
embodiment, RN is independently selected from the group 
consisting of -H, -CH, and -CHCH. In one embodi 
ment, each group-NR'R' is independently selected from 
the group consisting of: 

O 

N N-C-O-CH 
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-continued 
O 

O CH 

NH-CHCH-NH-C-O-C-CH and 

CH 

0047 Another aspect of the present invention pertains to 
a valency platform compound having the Structure of one of 
the following formulae: 

Formula IV 
O 

O O O 

RN RN RN 

RC 

0048 wherein: 
0049 n is a positive integer from 1 to 10; 
0050) y', y, and y are independently a positive 
integer from 1 to 10; 

0051 J independently denotes either an oxygen 
atom or a covalent bond; 

0052 R is selected from the group consisting of: 
0053 hydrocarbyl groups having from 1 to 20 
carbon atoms, 

0054 organic groups consisting only of carbon, 
Oxygen, and hydrogen atoms, and having from 1 
to 20 carbon atoms; 

0055 organic groups consisting only of carbon, 
OXygen, nitrogen, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 
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0056 organic groups consisting only of carbon, 
Oxygen, Sulfur, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 

0057 each G, G, and G is independently selected 
from the group consisting of: 
0.058 hydrocarbyl groups having from 1 to 20 
carbon atoms, 

0059 organic groups consisting only of carbon, 
Oxygen, and hydrogen atoms, and having from 1 
to 20 carbon atoms; 

0060 organic groups consisting only of carbon, 
OXygen, nitrogen, and hydrogen atoms, and having 
from 1 to 20 carbon atoms; 

0061) each RN is independently selected from the 
group consisting of 
0062 hydrogen; 
0.063 linear or branched alkyl groups having 
from 1 to 15 carbon atoms; 

0.064 alkyl groups comprising an alicyclic struc 
ture and having from 1 to 15 carbon atoms, 

Formula V 

O O 

| | 
y 

Formula VI 

0065 
atoms, 

aromatic groups having from 6 to 20 carbon 

0.066 heteroaromatic groups having from 3 to 20 
carbon atoms, 

0067 each Z is independently selected from the 
group consisting of 

0068 –H 

0069 -C(=O)oRCAR 
0070) -C(=O)RESTER 
0.071) -C(=O)NR'R'' 

0.072 wherein: 
0073) each R^' is organic groups comprising 
from 1 to about 20 carbon atoms; 
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0.074 each R'' is organic groups comprising 
from 1 to about 20 carbon atoms; 

0075 each group -NR'R' is independently 
Selected from the group consisting of: 

0076 -NH 

0077 -NHR^ 
0078 - NR^RB 
0079 - NRA 

0080 wherein each monovalent R^ and Rand each 
divalent R^' is independently an organic group 
comprising from 1 to 20 carbon atoms, and further 
comprising a reactive conjugating functional group. 

0081. In one embodiment, said compound has the struc 
ture of Formula V. In one embodiment, said compound has 
the structure of Formula VI. In one embodiment, said 
compound has the structure of Formula VII. In one embodi 
ment, n is a positive integer from 2 to 4. In one embodiment, 
y', y, and y are each 2. In one embodiment, J is an oxygen 
atom. In one embodiment, J is a covalent bond. In one 
embodiment, R is selected from the group consisting of 
hydrocarbyl groups having from 1 to 20 carbon atoms. In 
one embodiment, R is selected from the group consisting 
of: 

0082) —CH-; 

0083) -CHCH-; 

0084 -CHCHCH-; 

opo 
CH2 

al-Hall () hi, 
olo d 

0085. In one embodiment, R is selected from the group 
consisting of organic groups consisting only of carbon, 
oxygen, and hydrogen atoms, and having from 1 to 20 
carbon atoms. In one embodiment, R is: 

; an 

CH- CH- O 1. CH- CH2 

0.086 wherein p is a positive integer from 2 to 20. In one 
embodiment, each G', G', and G is independently selected 
from the group consisting of hydrocarbyl groups having 
from 1 to 20 carbon atoms. In one embodiment, each G', G, 
and G is selected from the group consisting of: 
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f CH2 CH2 

CH CH-CH CH-CH2CH 

CH2 CH2 CH2 

and 

0087. In one embodiment, each G, G, and G is inde 
pendently Selected from the group consisting of organic 
groups consisting only of carbon, Oxygen, and hydrogen 
atoms, and having from 1 to 20 carbon atoms. In one 
embodiment, each RN is independently selected from the 
group consisting of -H, -CH, and -CH2CH. In one 
embodiment, each group -NR'R' is independently 
Selected from the group consisting of: 

O 

| O-l-o-c-k ) 
\ / 

O CH 

NH-CHCH-NH-C-O-C-CH, and 

CH 

0088 Another aspect of the present invention pertains to 
methods of preparing a Valency platform compound, as 
described herein. 

0089 Another aspect of the present invention pertains to 
a conjugate comprising a Valency platform compound, as 
described herein, covalently linked to one or more biologi 
cally active molecules. In one embodiment, Said biologically 
active molecules are Selected from the group consisting of: 
oligonucleotides, peptides, polypeptides, proteins, antibod 
ies, Saccharides, polysaccharides, epitopes, mimotopes, and 
drugs. 

0090 Another aspect of the present invention pertains to 
methods of preparing conjugates, as described herein. 
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0.091 AS will be appreciated by one of skill in the art, 
features of one aspect or embodiment of the invention are 
also applicable to other aspects or embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0092 FIG. 1 shows certain valency platforms of the 
present invention, Specifically, those having the Structure of 
Formulae I, II, and III. 

0093 FIG. 2 shows certain valency platforms of the 
present invention, Specifically, Some of those having the 
structure of Formula I. 

0094 FIG. 3 shows certain valency platforms of the 
present invention, Specifically, Some of those having the 
structure of Formula I. 

0.095 FIG. 4 shows certain valency platforms of the 
present invention, Specifically, Some of those having the 
structure of Formula II. 

0096 FIG. 5 shows certain valency platforms of the 
present invention, Specifically, Some of those having the 
structure of Formula II. 

0097 FIG. 6 shows certain valency platforms of the 
present invention, Specifically, Some of those having the 
structure of Formula III. 

0.098 FIG. 7 shows certain valency platforms of the 
present invention, specifically, Some of those having the 
structure of Formula I. 

0099 FIG. 8 shows certain valency platforms of the 
present invention, Specifically, those having the Structure of 
Formulae VI, V, and VI. 

0100 FIG. 9 shows a synthetic scheme for a simple 
example of “core propagation' to obtain Valency platforms 
of the present invention. 

0101 FIG. 10 shows synthetic schemes for the prepara 
tion of certain intermediates useful in the preparation of 
Valency platforms of the present invention. 

0102 FIGS. 11A and 11B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 

0103 FIGS. 12A and 12B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 

0104 FIG. 13 shows a synthetic schemes for the prepa 
ration of Valency platform molecules of the present inven 
tion. 

0105 FIGS. 14A and 14B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 

0106 FIG. 15 shows a synthetic schemes for the prepa 
ration of Valency platform molecules of the present inven 
tion. 

0107 FIGS. 16A and 16B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 
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01.08 FIGS. 17A, 17B, 17C, and 17D show synthetic 
Schemes for the preparation of Valency platform molecules 
of the present invention. 
0109 FIGS. 18A and 18B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 

0110 FIG. 19 shows a synthetic schemes for the prepa 
ration of Valency platform molecules of the present inven 
tion. 

0111 FIGS. 20A and 20B show synthetic schemes for 
the preparation of Valency platform molecules of the present 
invention. 

0112 FIG. 21 shows the structure of examples of two 
carbamate compounds 39b and 39c. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0113. Throughout this application, various publications, 
patents, and published patent applications are referred to by 
an identifying citation. The disclosures of the publications, 
patents, and published patent specifications referenced in 
this application are hereby incorporated by reference into the 
present disclosure in their entirety. 
0114. In one embodiment, valency molecules are pro 
Vided that comprise branches, wherein at each branch, the 
molecule branches into two or more arms. The arms also 
may comprise branches. The Valency molecule further com 
prises terminal groups on arms extending from the branches. 
Exemplary terminal groups are reactive conjugating func 
tional groups. This is illustrated in the Figures, for example, 
by compound 14 in FIG. 11B, which includes 6 branches 
and 8 terminal CBZ-protected amino groups. 
0115 Thus, in one embodiment, provided is a composi 
tion comprising Valency molecules, wherein each Valency 
molecule comprises at least two branches, at least four 
terminal groups, and at least 2 carbamate linkages, and 
wherein Said Valency molecules have a polydispersity leSS 
than about 1.2, or for example, less than about 1.07. The 
Valency molecules further can comprise, for example, at 
least 4 carbamate linkages, at least 4 branches and at least 8 
terminal groups. The Valency molecules may be dendrimers. 
0116. The number of branches in the valency molecule 
may vary and may be, for example, 2, 3, 4, 5, 6, 8, 9, 10, 11, 
12, 16, 32, 64, 100 or more branches. The number of 
branches can be, for example, 2-64, 2-32, 2-16, 4-64, 4-32, 
8-64, or 8-32. In a further embodiment, the number of 
branches may be, for example, at least 2, at least 4, at least 
6, or at least 8. 
0117 The number of carbamate linkages may vary. The 
Valency molecule can include, for example, 2, 3, 4, 5, 6, 8, 
9, 10, 11, 12, 15, 16, 18, 20, 24, 29, 32, 64, 100 or more 
carbamate linkages. The number of carbamate linkages can 
be, for example, 2-64, 2-32, 2-16, 4-64, 4-32, 8-64, or 8-32. 
In a further embodiment, the number of carbamate linkages 
may be, for example, at least 2, at least 4, at least 6, or at 
least 8. 

0118. Each valency molecule can comprise for example, 
1 to 100, e.g., 1-50 terminal groups. For example, the Valency 
molecule may comprise 4, 6, 8, 9, 10, 12, 14, 15, 16, 18, 20, 
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21, 24, 29, or 32 or more terminal groups. The Valency 
molecule, for example, may comprise at least 4 terminal 
groups, or at least 6 terminal groups, or at least 8 terminal 
groups. The Valency molecule in one embodiment has, for 
example, 4-16, 4-32, 4-64, 8-32, 8-64, 12-32 or 12-64 
terminal groups. The Said terminal groups are in one 
embodiment identical. 

0119) Examples of valency molecules include valency 
platform molecules. Valency molecules can be made as 
described herein for the synthesis of valency platform mol 
ecules. 

0120 A. Valency Platforms 
0121. In one aspect, the present invention pertains to 
Valency platforms comprising carbamate linkages and meth 
ods for the preparation of Such platforms. 

0122) Particular advantages of the present invention 
include, but are not limited to, (1) the ease of Synthesis of 
valency platform molecules, (2) the metabolic stability of 
the carbamate linkages in the Valency platform, (3) the 
ability to adjust the length and water solubility of the “arms” 
of the Valency platform by using, for example, different 
dialcoholamines, (4) the ability to further attenuate the 
properties of the Valency platform by choice of the core 
group (e.g. attachment of Solubilizing groups, chro 
mophores, reporting groups, targeting groups, and the like). 
0123. In one embodiment, a composition is provided 
comprising Valency platform molecules, wherein each 
Valency platform molecule comprises at least 2 carbamate 
linkages and at least 4 reactive conjugating functional 
groups, and wherein Said Valency platform molecules have 
a polydispersity less than about 1.2, or optionally a poly 
dispersity less than about 1.07. The valency platform mol 
ecules of the composition may comprise, for example, at 
least 4 carbamate linkages and at least 8 reactive functional 
groups. In one embodiment, the Valency platform molecules 
comprise at least 4 identical reactive conjugating functional 
groups. In another embodiment, the Valency platform mol 
ecules comprise, for example, 2-32 carbamate linkages and 
4-64 reactive functional groups. The Valency platform mol 
ecules optionally may be linked to one or more biologically 
active molecules, e.g., Via the reactive conjugating func 
tional groups. 
0.124. The valency molecules, such as valency platform 
molecules have the advantage of having a Substantially 
homogeneous (i.e., uniform) molecular weight (as opposed 
to polydisperse molecular weight), and are thus “chemically 
defined”. Accordingly, a population of these molecules (or 
conjugates thereof) are Substantially monodisperse, i.e., 
have a narrow molecular weight distribution. A measure of 
the breadth of distribution of molecular weight of a sample 
of a platform molecule (Such as a composition and/or 
population of platform molecules) is the polydispersity of 
the Sample. Polydispersity is used as a measure of the 
molecular weight homogeneity or nonhomogeneity of a 
polymer Sample. Polydispersity is calculated by dividing the 
weight average molecular weight (Mw) by the number 
average molecular weight (Mn). The value of Mw/Mn is 
unity for a perfectly monodisperse polymer. Polydispersity 
(MW/Mn) is measured by methods available in the art, such 
as gel permeation chromatography. The polydispersity (MW/ 
Mn) of a Sample of Valency molecules is preferably less than 
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2, more preferably, less than 1.5, or less than 1.2, less than 
1.1, less than 1.07, less than 1.02, or, e.g., about 1.05 to 1.5 
or about 1.05 to 1.2. Typical polymers generally have a 
polydispersity of 2-5, or in Some cases, 20 or more. Advan 
tages of the low polydispersity property of the Valency 
platform molecules include improved biocompatibility and 
bioavailability Since the molecules are Substantially homo 
geneous in size, and variations in biological activity due to 
wide variations in molecular weight are minimized. The low 
polydispersity molecules thus are pharmaceutically opti 
mally formulated and easy to analyze. 
0.125 Further there is controlled valency in a population 
of the Valency molecules. Thus, in a population of Valency 
platform molecules, for example, the number of attachment 
Sites, e.g., reactive conjugating functional groups, is con 
trolled and defined. Each Valency platform molecule can 
comprise for example, 1 to 100, e.g., 1-50 attachment Sites. 
For example, the Valency platform molecule may comprise 
4, 6, 8, 9, 10, 12, 14, 15, 16, 18, 20, 21, 24, 29, or 32 or more 
attachment Sites. The Valency platform molecule, for 
example, may comprise at least 4 attachment Sites, or at least 
6 attachment Sites, or at least 8 attachment Sites. The Valency 
platform molecule in one embodiment has, for example, 
4-16, 4-32, 4-64, 8-32, 8-64, 12-32 or 12-64 attachment 
Sites. The Said attachment Sites are in one preferred embodi 
ment identical. 

0.126 The number of carbamate linkages may vary. The 
Valency platform molecule can include, for example, 2, 3, 4, 
5, 6, 8, 9, 10, 11, 12, 15, 16, 18, 20, 24, 29, 32, 64, 100 or 
more carbamate linkages. The number of carbamate link 
ages can be, for example, 2-64, 2-32, 2-16, 4-64, 4-32, 8-64, 
or 8-32. In a further embodiment, the number of carbamate 
linkages may be, for example, at least 2, at least 4, at least 
6, or at least 8. 

0127. The valency platform molecule can comprise vari 
ous combinations of the carbamate linkages and attachment 
Sites Such as reactive functional groups depending on the 
method of preparation, for example, 2-32, e.g., 2-16 car 
bamate linkages, and 4-64, e.g., 4-32 reactive functional 
groupS. 

0128. Formula I 
0129. In one embodiment, the present invention pertains 
to a Valency platform having the Structure of Formula I, as 
shown in FIG. 1. 

Formula I 
O 

RC i-i-to-o-z, 

0.130. In Formula I, n is a positive integer from 1 to 10, 
more preferably from 1 to 5. In one embodiment, n is a 
positive integer from 2 to 10, more preferably from 2 to 5. 
In one embodiment, n is 1. In one embodiment, n is 2. In one 
embodiment, n is 3. In one embodiment, n is 4. 

0131). In Formula I, y' is 1 or 2, and the subscript “2-y” 
is therefore 1 or 0, respectively. 
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0.132. In Formula I, J independently denotes either an 
oxygen atom (i.e., -O-) or a covalent bond (i.e., no atom 
is present). When J is -O-, R is bound to the corre 
sponding Sidechain via a carbamate linkage (i.e., 
-O-C(=O)-N-). When J is a covalent bond, R is 
bound to the corresponding Sidechain via an amide linkage 
(i.e., -C(=O)-N-). 
0133) In Formula I, R. denotes a “core group,” that is, an 
organic group which forms the core of the Valency platform, 
and to which one or more Sidechains is attached. The 
Valency of the core group is determined by n. If n is 1, then 
R is monovalent; if n is 2, then R is divalent; if n is 3, then 
R is trivalent; if n is 4, then R is tetravalent, and so on. 
0134) In one embodiment, R is a hydrocarbyl group 

(i.e., consisting only of carbon and hydrogen) having from 
1 to 20 carbon atoms, more preferably from 1 to 10 carbon 
atoms, Still more preferably from 1 to 6 carbon atoms. In one 
embodiment, R is linear. In one embodiment, R is 
branched. In one embodiment, R comprises a cyclic struc 
ture. In one embodiment, R is cyclic. In one embodiment, 
R is fully saturated. In one embodiment, R is partially 
unsaturated. In one embodiment, R comprises an aromatic 
structure. In one embodiment, R is aromatic. In one 
embodiment, R is -CH-. In one embodiment, R is 
-CHCH-. In one embodiment, R is -CH2CHCH-. 
In one embodiment, R is: 

opo 
CH2 

CH- C- CH2 

CH2 

olo 

0135) In one embodiment, R is: 

0136. In one embodiment, R is an organic group con 
Sisting only of carbon, oxygen, and hydrogen atoms, and 
having from 1 to 20 carbon atoms, more preferably from 1 
to 10 carbon atoms, still more preferably from 1 to 6 carbon 
atoms. In one embodiment, R is derived from a polyalky 
lene oxide group. In one embodiment, R is derived from a 
polyethylene oxide group. In one embodiment, R is a 
divalent polyalkylene oxide group. In one embodiment, R 
is a divalent polyethylene oxide group. In one embodiment, 
R is a divalent polypropylene oxide group. In one embodi 
ment, R is: 

CH-CH-O-et-CH-CH, 

0.137 wherein p is a positive integer from 2 to about 200, 
more preferably from 2 to about 50, more preferably from 2 
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to about 20, more preferably from 2 to about 10, more 
preferably from 2 to about 6. In one embodiment, p is 2. In 
one embodiment, p is 3. In one embodiment, p is 4. In one 
embodiment, p is 5. In one embodiment, p is 6. 
0138). In one embodiment, R is an organic group con 
Sisting only of carbon, oxygen, nitrogen, and hydrogen 
atoms, and having from 1 to 20 carbon atoms, more pref 
erably from 1 to 10 carbon atoms, still more preferably from 
1 to 6 carbon atoms. Examples of Such core groups include, 
but are not limited to, those derive from the “core com 
pounds” described below which consist only of carbon, 
OXygen, nitrogen, and hydrogen atoms. 
0139. In one embodiment, R is an organic group con 
Sisting only of carbon, oxygen, Sulfur, and hydrogen atoms, 
and having from 1 to 20 carbon atoms, more preferably from 
1 to 10 carbon atoms, still more preferably from 1 to 6 
carbon atoms. Examples of Such core groups include, but are 
not limited to, those derive from the “core compounds” 
described below which consist only of carbon, Oxygen, 
Sulfur, and hydrogen atoms. 
0140). In Formula I, G denotes an organic “linker group.” 
In one embodiment, G' is a hydrocarbyl group (i.e., con 
sisting only of carbon and hydrogen) having from 1 to 20 
carbon atoms, more preferably from 1 to 10 carbon atoms, 
still more preferably from 1 to 6 carbon atoms. In one 
embodiment, G' is linear. In one embodiment, G' is 
branched. In one embodiment, G' comprises a cyclic struc 
ture. In one embodiment, G' is cyclic. In one embodiment, 
G' is fully saturated. In one embodiment, G' is partially 
unsaturated. In one embodiment, G' comprises an aromatic 
structure. In one embodiment, G' is aromatic. In one 
embodiment, G' is divalent. In one embodiment, R is 
-(CH2), wherein q is a positive integer from 1 to about 
20, more preferably from 1 to about 10, more preferably 
from 1 to about 6, more preferably from 1 to about 4. In one 
embodiment, G' is -CH-. In one embodiment, G' is 
-CHCH-. In one embodiment, G is -CH2CHCH-. 
0141). In one embodiment, G' is an organic group con 
Sisting only of carbon, oxygen, and hydrogen atoms, and 
having from 1 to 20 carbon atoms, more preferably from 1 
to 10 carbon atoms, still more preferably from 1 to 6 carbon 
atoms. In one embodiment, G' is derived from a polyalky 
lene oxide group. In one embodiment, G' is a divalent 
polyalkylene oxide group. In one embodiment, G' is a 
divalent polyethylene oxide group. In one embodiment, G' 
is a divalent polypropylene oxide group. In one embodi 
ment, G' is: 

CH-CH-O-et-CH-CH, 

0.142 wherein p is a positive integer from 2 to about 200, 
more preferably from 2 to about 50, more preferably from 2 
to about 20, more preferably from 2 to about 10, more 
preferably from 2 to about 6. In one embodiment, p is 2. In 
one embodiment, p is 3. In one embodiment, p is 4. In one 
embodiment, p is 5. In one embodiment, p is 6. 
0143) In one embodiment, G' is an organic group con 
Sisting only of carbon, oxygen, nitrogen, and hydrogen 



US 2003/0018190 A1 

atoms, and having from 1 to 20 carbon atoms, more pref 
erably from 1 to 10 carbon atoms, still more preferably from 
1 to 6 carbon atoms. 

0144) In Formula I, RN denotes a nitrogen substituent, 
more Specifically, an amino Substituent. In one embodiment 
RN, if present, is hydrogen (i.e., -H). In one embodiment, 
RS, if present, is a linear or branched alkyl group having 
from 1 to 15 carbon atoms, more preferably from 1 to 10 
carbon atoms, more preferably from 1 to 6 carbon atoms. In 
one embodiment, RS, if present, is an alkyl group compris 
ing an alicyclic Structure and having from 1 to 15 carbon 
atoms, more preferably from 1 to 10 carbon atoms, more 
preferably from 1 to 6 carbon atoms. In one embodiment, 
RS, if present, is or comprises an aromatic group. In one 
embodiment, RN, if present, is or comprises a heteroaro 
matic group. In one embodiment, RN, if present, is or 
comprises an aromatic group having from 6 to 20 carbon 
atoms, more preferably from 6 to 15 carbon atoms, more 
preferably from 6 to 10 carbon atoms. In one embodiment, 
RN, if present, is or comprises a heteroaromatic group 
having from 3 to 20 carbon atoms, more preferably from 3 
to 15 carbon atoms, more preferably from 3 to 10 carbon 
atoms. In one embodiment, RS is selected from the group 
consisting of -H, -CH, and -CHCH 
0145. In Formula I, Zdenotes a terminal group, which is 
independently Selected from the group consisting of: -H 
(which yields a terminal alcohol group), -C(=O)OR 
(which yields a terminal carbonate group), - C(=O)R." 
(which yield a terminal ester group), and -C(=O)NR'R'' 
(which yields a terminal carbamate group). 
0146). In the above formulae, each R^' is a carbonate 
Substituent or an activated carbonate Substituent. Many 
carbonate Substituents are well known in the art, including, 
for example, organic groups comprising from 1 to about 20 
carbon atoms, including, for example, primary, Secondary, 
and tertiary, Substituted and unsubstituted, alkyl and aryl 
groups having from 1 to about 20 carbon atoms. Other 
examples of carbonate groups include those described herein 
for R. Still other examples of carbonate groups include 
those described below for activated carbonates. 

0147 In the above formulae, each R'' is an ester 
Substituent or an activated ester Substituent. Many ester and 
activated ester Substituents are well known in the art, includ 
ing, for example, organic groups comprising from 1 to about 
20 carbon atoms, including, for example, primary, Second 
ary, and tertiary alkyl and aryl groups having from 1 to about 
20 carbon atoms. Other examples of carbonate groups 
include those described herein for RN. Examples of R' 
include, but are not limited to, -CH (to give an acetate 
group), -CH2SH (to give a mercaptoacetate group), and 
-CH2CHs, to give a benzoate group). 
0148. In one embodiment, Z is -NR'R'' and denotes an 
amino group. The amino group may be unsubstituted, in 
which case, R^ and Rare both hydrogen (i.e., -NR'R' is 
-NH2). The amino group may be monosubstituted, in 
which case R is hydrogen (i.e., -NR'R' is -NHR^). The 
amino group may be disubstituted. In this case, R and R' 
may be separate moieties, as in -NR'R'', or R^ and R' 
may be covalently linked together and form a divalent 
substituent, denoted R^' (i.e., -NR'R' is-NR). Thus, 
in one embodiment, each group -NR'R' is independently 
selected from the group consisting of: -NH, -NHR, 
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-NHR'R'', and -NR'', wherein each monovalent R^ 
and R' and each divalent R^' is independently an organic 
group comprising from 1 to 20 carbon atoms, and further 
comprising a reactive conjugating functional group. In one 
embodiment, each group -NR'R' is independently 
selected from the group consisting of: -NHR^, 
-NHR'R'', and -NR^. When not hydrogen, R^, R', and 
R", preferably comprise a reactive conjugating functional 
grOup. 

014.9 The term “reactive conjugating functional group” 
is used herein to refer to reactive functional groups which 
facilitate conjugation, for example, with a biologically 
active molecule. Examples of Such reactive conjugating 
functional groups include, but are not limited to, the fol 
lowing: 

O150 -OH 

0151 -SH 

0152) -NCO 

0153 -NCS 

0154) -NHRS' 
O155 R^*X 
0156 -R^*Hgx 

O O 9 dB O 
-C-H -C-X -C-RP -C-CHX 

O O O 
-Ö-CRB=C(RB) -O-6-X -6-OH 

-8-ORESTER -8-0-8-RB 

NRSUB 

-8-0--Ninet -8---RSUB 

f " 
---RSUB -N -C-ORSUB 

N 
C 
O 

--ox --x -S-CRP=C(RB), 
O O 

O157 -O-NH 

it it 
-NH-C-NH-NH -CH-CH 
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0158. In the above reactive conjugating functional 
groups, each X is independently F, Cl, Br, I, or other good 
leaving group; each R^* is independently an alkyl group, 
Such as a linear or branched alkyl or cycloalkyl group having 
from 1 to about 20 carbon atoms; each R' is indepen 
dently H or an organic group, Such as a linear or branched 
alkyl group, or a cycloalkyl group having from 1 to about 20 
carbon atoms, an aryl group having from 6 to about 20 
carbon atoms, or an alkaryl group having from 7 to about 30 
carbon atoms; each R'' is independently an organic 
group having from 1 to about 20 carbon atoms, including, 
for example, primary, Secondary, and tertiary alkyl and aryl 
groups having from 1 to about 20 carbon atoms, and, each 
R" is independently a organic group, Such as an organic 
group comprising 1 to 50 atoms Selected from the group 
consisting of C, H, N, O, Si, P, and S. 

0159. In a preferred embodiment, the reactive conjugat 
ing functional group is an amino group or a protected amino 
group. In one embodiment, the group -NR'R' comprises 
an amino group, and has the Structure: 

0160. In one embodiment, the group -NR'R' com 
prises a protected amino group, and has the Structure: 

O 

N ---al-K) 

0.161 which is often conveniently abbreviated using 
“CBZ” to denote “carbobenzyloxy": 

0162) In one embodiment, the group -NR'R' com 
prises a hydrobromide Salt of an amino group, and has the 
Structure: 

N NHoHBr 
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0163) In one embodiment, the group -NR'R' com 
prises a haloacetyl group (where X denotes Cl, Br, or I), and 
has the Structure: 

O 

N N-C-CH2-X 

0164. In one embodiment, the group -NR'R' com 
prises an amino group, and has the Structure: 

0165) 
preferably from 1 to about 10, preferably from 1 to about 5. 

wherein n is a positive integer from 1 to about 20, 

In one embodiment, the group -NR'R' comprises a pro 
tected amino group, and has the Structure: 

O CH 

NH-CHCH-NH-C-O-C-CH 

CH 

0166 which is often conveniently abbreviated using 
“BOC" to denote “tert-butoxycarbonyl”: 

NH-CHCH-NH-BOC 
0167. In one embodiment, the group -NR'R' com 
prises an amino group, and has the Structure: 

NH-e-CHCHO-)-CHCH-NH, 

0168 wherein n is a positive integer from 1 to about 20, 
preferably from 1 to about 10, preferably from 1 to about 5. 

01.69 Examples of valency platforms having the struc 
ture of Formula I are shown in FIGS. 2, 3, and 7. In FIG. 
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2, the top structure has n=1 and y' =1 and the bottom 
structure has n=2 and y' =1. In FIG. 3, the top structure has 
n=1 and y'=2 and the bottom structure has n=2 and y'=2. In 
FIG. 7, the structure has n=4 and y'=2. The number of 
terminal groups-NR'R' is given by “ny'.” When “ny'.” 
is 4, the Structure may conveniently be referred to as a 
“tetrameric" structure. When “ny" is 8, the structure may 
conveniently be referred to as a “octameric' structure. When 
“ny' is 16, the structure may conveniently be referred to 
as a "hexadecameric' Structure. 

0170 Examples of compounds having the structure of 
Formula I where Z is -H include, but are not limited to, 
compounds 21, 24, 27a, 29, 32, and 38, described in the 
Examples below. 
0171 Examples of compounds having the structure of 
Formula I where Z is –C(=O)CR^' include, but are not 
limited to, compounds 22, 25, 27, 30, 33, and 39 described 
in the Examples below. 
0172 Examples of compounds having the structure of 
Formula I where Z is -NR'R' include, but are not limited 
to, compounds 23, 23a, 26, 26a, 31, 31a, 34, 34a, 40, 41, 42, 
and 51, described in the Examples below. 
0173 Formula II 
0.174. In one embodiment, the present invention pertains 
to a Valency platform having the Structure of Formula II, as 
shown in FIG. 1. 

Formula II 

O O 

Gl-o--N-G-O-z), y 

0.175. In Formula II, n, R, J, R^, R., y, RN, G', and Z 
are as defined above for Formulae I. In Formula II, y' and 
G° are as defined above for y' and G', respectively. 
0176 Examples of valency platforms having the struc 
ture of Formula II are shown in FIGS. 4 and 5. In FIG. 4, 
the top structure has n=1, y'=2, and y =1 and the bottom 
structure has n=1, y' =2, and y =2. In FIG. 5, the structure 
has n=2, y'=2, and y=2. The number of terminal groups 
-NR'R' is given by “ny'*y.” When “ny'*y” is 4, the 
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Structure may conveniently be referred to as a “tetrameric' 
structure. When “ny'*y is 8, the structure may conve 
niently be referred to as a “octameric' structure. When 
“ny'*y” is 16, the structure may conveniently be referred 
to as a "hexadecameric' Structure. 

0177 Examples of compounds having the structure of 
Formula II where Z is -H include, but are not limited to, 
compounds 35, 43a, and 49a, described in the Examples 
below. 

0.178 Examples of compounds having the structure of 
Formula II where Z is –C(=O)CR^' include, but are 
not limited to, compounds 35a, 43, and 50, described in the 
Examples below. 

0179 Examples of compounds having the structure of 
Formula II where Zis-NR'R' include, but are not limited 
to, compounds 14, 15, 20, 20a, 28, 28a, 36,36a, 44, 44a, and 
45, described in the Examples below. 

0180 Formula III 

0181) 
to a Valency platform having the Structure of Formula III, as 
shown in FIG. 1. 

In one embodiment, the present invention pertains 

Formula III 

O O 

3 

0182) In Formula III, n, R, J, R^, R., y', y, RN, G, G, 
and Z are as defined above for Formulae I and II. In Formula 

III, y and G are as defined above for y' and G', respec 
tively. 

0183 Examples of a valency platform having the struc 
ture of Formula III is shown in FIG. 6. This structure has 

n=2, y' =2, y=2, and y=2. The number of terminal groups 
-NR^R is given by “ny'*y°y.” When “nty'iyy” is 
4, the Structure may conveniently be referred to as a “tet 

” is 8, the structure rameric" structure. When “ny'*y-y 
may conveniently be referred to as a "octameric' Structure. 
When “ny'*y-y” is 16, the structure may conveniently 
be referred to as a "hexadecameric' Structure. 

0184 Formulae IV, V, and VI 

0185 
to a valency platform having the structure of Formula IV, V, 
or VI, as shown in FIG. 8. 

In one embodiment, the present invention pertains 
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Formula V 
Formula IV 

O O O 

RN RN RN 

Formula VI 

O O O 

RN RN RN 2 y 

0186. In these formulae, n, R, J, R^, R, RN, and Z are 0193 Examples of compounds having the structure of 
as defined above for Formulae I through III. Unlike the Formula V where Z is-NR'R' include, but are not limited 
compounds of Formulae I through III, which may have to, compounds 48a, 48b, and 48c, described in the Examples 
branch points at nitrogen atoms, compounds of Formulae IV below. 
through VI may have branch points at a G group, for 0194) 
example, at G, G, or G, and there may be one, two, three, 
or more branches, for example, y', y-, or y branches. 

In general, the number of termini may be calculated 
as the product of n, y', yi, y, etc., as discussed above. In one 
embodiment, this product is 2 or more. In one embodiment, 
this product is more than 2. In one embodiment, this product 
is more than 3. In one embodiment, this product is 4. In one 
embodiment, this product is 6. In one embodiment, this 
product is 8. In one embodiment, this product is 16. In one 
embodiment, this product is 32. 

0187. For Formulae IV through VII, G, G', and G are 
similar to G, G, and G for Formulae I through III. In a 
preferred embodiments, these groups are trivalent, tetrava 
lent or higher. In one embodiment, G', G, and G are 
Selected from the group consisting of: 

0.195. In some embodiments, the valency platform mol 
ecule may be described as “dendritic,” owing to the presence 
of Successive branch points. Dendritic Valency platform 

CH2 CH2 molecules possess multiple termini, typically 4 or more 
CH2 termini. In one embodiment, the Valency platform molecule 

is dendritic and has 4 termini, Such as, for example, com 
CH C-CH and C-CH2CH. pounds 23a, 26a, 31a, 34a, 42a, described in the examples 

below. In one embodiment, the Valency platform molecule is 
CH2 CH2 CH2 dendritic and has 8 termini, Such as, for example, com 

pounds 15, 20a, 28a, 36a, 45, 48c and 51, described in the 
examples below. In one embodiment, the Valency platform 
molecule is dendritic and has 16 termini. 

0188 Also, for Formulae IV through VI, y', y, and y 0196) Note that Formulae I through VI are intended to 
are positive integers from 1 to about 10, more preferably encompass both "Symmetric' and “non-Symmetric' Valency 
from 1 to 5, more preferably from 1 to 4, more preferably platforms. In one embodiment, the Valency platform is 
from 1 to 3, more preferably from 1 to 2. Symmetric. In one embodiment, the Valency platform is 

non-Symmetric. For example, each of the “n” groups which 
0189 Examples of compounds having the structure of are pendant from the core group, R, may be the same or 
Formula IV where Z is -H include, but are not limited to, may be independently different. 
compound 46, described in the Examples below. 

0197) “Higher generation” valency platforms (e.g., 4th 
0190. Examples of compounds having the structure of generation, 5th generation) are also contemplated, which 
Formula IV where Z is –C(=O)CR^' include, but are have corresponding formulae. For example, 4th generation 
not limited to, compound 47, described in the Examples valency platforms would have G" and y, 5th generation 
below. valency platforms would further have Gandy, and so on 

for Successive generations. Also, "hybrid” Valency platforms 
are contemplated, which would include linkages of the Sort 
found in Formulae I through III as well as linkages of the 
sort found in Formulae IV through VI. 

0.192 Examples of compounds having the structure of 0198 B. Preparation of Valency Platforms 
Formula V where Z is –C(=O)CR^' include, but are 
not limited to, compound 48, described in the Examples 0199. In one embodiment, the valency platforms of the 
below. present invention may be prepared from “core' compounds 

0191 Examples of compounds having the structure of 
Formula V where Z is -H include, but are not limited to, 
compound 47a, described in the Examples below. 
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which comprise one or more (say,j) hydroxy groups (i.e., 
-OH). For example, the hydroxyl groups on the core are 
converted to active carbonate derivatives, Such as activated 
carbonate esters (for example, a para-nitrophenylcarbonate 
ester) and Subsequently reacted with a polyhydroxyamine 
compounds having j' hydroxy groups to provide a “first 
generation” carbamate with j hydroxyl groups for each 
original hydroxyl group, for a total of i'j hydroxyl groups. 
The resulting hydroxy groupS may then also be converted to 
activated carbonate derivatives, Such as activated carbonate 
esters and Subsequently reacted with a polyhydroxyamine 
compound having if hydroxy groups to provide a "second 
generation” carbamate with ji hydroxyl groups for each j' 
hydroxyl group, for a total of jji’ hydroxyl groups. In 
this way, a dendritic structure may be constructed. The 
proceSS can be terminated at any "generation' by treating the 
terminal activated carbonate derivatives, Such as activated 
carbonate esters, with an appropriately functionalized com 
pound (for example, an mono-protected diamine) to provide 
whatever functionality is desired at the termini. 

0200. In one embodiment, the valency platforms of the 
present invention may be prepared from a “segmental 
approach' in which "Segments' are independently Synthe 
sized and Subsequently attached to a “core' group. 

0201 In another embodiment, an alternative, more effi 
cient “core propagation' proceSS has been developed in 
which a core group is modified in an iterative process to 
generate a dendritic structure. The core propagation 
approach involves fewer StepS and is preferred over the 
Segmental approach. 

0202) In another embodiment, the valency platforms of 
the present invention may be prepared using Solid phase 
Synthesis from a hydroxyl containing resin. Such an embodi 
ment is illustrated in FIG. 20. A hydroxyl group attached to 
a Solid phase by a cleavable linker provides a way of 
building a dendrimeric Scaffold using Solid phase Synthesis. 
The ability to prepare Scaffolds on the Solid phase can be 
particularly useful for the rapid synthesis of dendrimeric 
platforms with minimal purification. Also, Solid phase den 
drimeric platforms can be used to generate combinatorial 
libraries of multivalent compounds. 

0203. In one preferred “core propagation” approach, the 
Synthesis typically begins with an alcohol containing “core 
compound.” In principle, any hydroxyl-containing com 
pound can be used. Examples of alcohol containing “core 
compounds” having one hydroxyl group (i.e., -OH) 
include, but are not limited to: 

0204 methanol, 

0205 CH-OH 

0206 ethanol, 

0207 CH-CH-OH 
0208 propanol, 

0209 CH-CH-CH-OH 
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0210 isopropanol, 

OH 

CH-CH-CH 

0211 methoxypolyethylene glycol, 

CHO-(CH-CH-O-H 

0212. Other examples of alcohol containing “core com 
pounds having one hydroxyl group (i.e., -OH) include, 
but are not limited to, mono-hydroxylamines, Such as those 
described below, for which the amino group may be in a 
protected form, for example, using a BOC or CBZ protect 
ing group. 

0213 Examples of alcohol containing “core compounds” 
having two hydroxyl groups (i.e., -OH) include, but are not 
limited to: 

0214) 

0215 HO-CH-CH-OH 

ethylene glycol, 

0216) diethylene glycol (also referred to as DEG), 

0217 HO-CH-CH-O-CH-CH-OH 

0218 triethylene glycol (also referred to as TEG), 

0219) HO-CH-CH-O-CH-CH-O 
CH-CH-OH 

0220 tetraethylene glycol, 

0221 pentaethylene glycol, 

HO-(-CH-CH-O-H 

0222 hexaethylene glycol, 

HO-(-CH-CH-O-H 

0223 polyethylene glycol (also referred to as PEG), 
where n is typically from 1 to about 200, 

HO-(-CH-CH-O-H 
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0224 1,4-dihydroxymethylbenzene, 

on-( )—ction 
0225. Other examples of alcohol containing “core com 
pounds having two hydroxyl groups (i.e., -OH) include, 
but are not limited to, primary or Secondary amines having 
two hydroxyl groups, Such as those described below. Again, 
the amino group may be in a protected form, for example, 
using a BOC or CBZ protecting group. 

0226 Examples of alcohol containing “core compounds” 
having three hydroxyl groups (i.e., -OH) include, but are 
not limited to: 

0227 phluoroglucinol (also known as 1,3,5-trihy 
droxybenzene), 

OH 

HO OH 

0228 1,3,5-trihydroxymethylbenzene, 

CHOH 

HOCH3 CH2OH 

0229) 1,3,5-trihydroxycyclohexane, 

OH 

HO OH 

0230. Other examples of alcohol containing “core com 
pounds having three or more hydroxyl groups (i.e., -OH) 
include, but are not limited to, primary or Secondary amines 
having three hydroxyl groups, Such as those described 
below. Again, the amino group may be in a protected form, 
for example, using a BOC or CBZ protecting group. 

0231 Examples of alcohol containing “core compounds” 
having four hydroxyl groups (i.e., -OH) include, but are 
not limited to: 

13 
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0232 pentaerythritol, 

CH2OH 

HOCH-C-CHOH 

CH2OH 

0233. Further examples of alcohol containing “core com 
pounds' include, but are not limited to, those which com 
prise a Sulfhydryl group (i.e., -SH), which may be pro 
tected, for example, with a trityl protecting group (i.e., as 
-S-Tr, that is, -S-C(CHS)) or as a disulfide (i.e., as 
-S-SR). Examples of core groups which have a protected 
sulfhydryl group include, but are not limited to, the follow 
Ing: 

0234 Tr—S-CHCH-OH 
0235 HO-CHCH-S-S-CHCH-OH 

CH 

CH 

0236 where n is from 1 to about 200, preferably from 1 
to about 20. 

0237. In addition, hydroxyl groups on Solid phase syn 
thesis resins can be used as core groups to provide dendrim 
eric carbamate residues on Solid phase which can be used to 
boost the valence of the resin or cleaved off the resin. For 
example, a Wang resin of the following form may be used: 

co-( )—cio 
0238. In one embodiment, a hydroxy containing core 
group may be prepared from a corresponding carboxylic 
acid compound or halocarbonyl compound: 

HN(CH2CH2OH)2 
pyridine or EtN 

R-COOH -- R-COX 

CH2CH2OH 

R-CO-N 

CH2CH2OH 

0239 Core compounds which possess amino or sulfhy 
dryl groups, which may be protected or unprotected, may be 
used to covalently attach the resulting Valency platform 
molecule to other molecules of interest, via the core group 
rather than via the termini, using conjugation methods Such 
as those described herein. 

0240. In one step, the hydroxyl groups of the alcohol 
containing core group are converted to active carbonate 
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derivatives. The active carbonate derivative in one embodi 
ment has the formula: 

0241 where X is a leaving group such as Cl, imidazole 
or thiolate. 

0242. The hydroxyl groups of the alcohol can be con 
verted to active active carbonates by reaction of the 
hydroxyl groups of the alcohol containing core group with 
a phosgene equivalent. Phosgene equivalents with appropri 
ate reactivity can be Selected. The phosgene equivalent has, 
for example, the structure X(CO)X where X and X are 
both leaving groups. X and X each independently can be 
chosen from typical leaving groups in acylation chemistry 
Such as alkoxide, thiolate, halide, and imidazole. In one 
preferred embodiment, the phosgene equivalent is 4-nitro 
phenylchloroformate. In another embodiment, the phosgene 
equivalent is carbonyldiimidazole. Other exemplary phos 
gene equivalents include phosgene, N,N'-Succinimidylcar 
bonate, Succinimidyl 2,2,2-trichloroethylcarbonate, bis-4- 
nitrophenylcarbonate, triphosgene, 2,2,2- 
trichloroethylchloroformate, 4-nitrophenylchloroformate, 
phenylchloroformate, N-hydroxysuccinimidylchlorofor 
mate, trichloromethylchloroformate, ethylchlorothiolfor 
mate, di-(1-benzotriazolyl)carbonate, and 4-nitrophenylsuc 
cinimidylcarbonate. 

0243 Thus, in one embodiment, to form an active car 
bonate derivative in the synthesis of the valency platform 
molecule, an alcohol is reacted with the phosgene equivalent 
to form the activated carbonate by displacing X. X is 
chloride in one preferred embodiment. The active carbonate 
derivative is used to acylate an aminoalcohol on the nitro 
gen, forming the carbamate bond, then the phosgene again 
is added to convert the hydroxyl group to another active 
carbonate derivative. An example of an active carbonate 
derivative is compound 39c shown in FIG. 21. 

0244. In one embodiment, the active carbonate derivative 
is a carbonate ester. The terms “carbonate” and “carbonate 
ester are used herein in the conventional Sense and relate to 
Species which comprise the following Structure: 

0245 wherein R' denotes a carbonate group, such as an 
organic group having from 1 to 20 carbon atoms. The terms 
“activated carbonate” and “activated carbonate ester' are 
used herein to refer to carbonates for which R" is an 
activating group, and for which the moiety -O-R' forms 
a good leaving group. A particularly preferred class of 
activated carbonate esters include, but are not limited to 
para-nitrophenyl carbonate ester compounds of the formula: 
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O 

O-C-O NO2 

0246 Such “PNP' activated carbonate esters may readily 
be formed from the corresponding alcohol, R-OH by 
reaction with PNP chloroformate in the presence of pyridine 
(CHN) in methylene chloride (CHCl). 

O 

pyridine, CH2Cl2 
R-OH + C-C-O NO -- 

O 

R-O-C-O NO2 

0247 Examples of other activated carbonate groups 
include, but are not limited to, the following: 

F F 

O 

O-C-O F 

F F 

O 

O 

| 
O-C-O-N 

O 

O-C-O-CH 

0248. In another step, the activated carbonate ester is 
converted to the corresponding carbamate. The above PNP 
activated carbonate esters are readily converted to the cor 
responding carbamates by reaction with an amine. The 
dendritic Structure may be extended by employing a primary 
or secondary amine having j' hydroxy groups. In this way, 
each original hydroxy group, which led to an activated 
carbonate ester group, then leads to j' hydroxy groups. 

0249 For example, the PNP activated carbonate ester 
may be reacted with a primary or Secondary dihy 
droxyamine. Examples of primary and Secondary amines 
having two hydroxyl groups include, but are not limited to: 
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diethanolamine, 

CHCH-OH 

HN 

CH2CH2OH 

bis(diethyleneglycol)amine (compound 7), 

A 
HN 
V 
(CH2CH2O)-H 

bis(triethyleneglycol)amine, 

(CH2CH2O). H 
A 

HN 
V 
(CH2CH2O). H 

bis(tetraethyleneglycol)amine, 

(CH2CH2O) - H 
A 

HN 
V 

bis(pentaethyleneglycol)amine, 

A 
HN 

bis(hexaethyleneglycol)amine (compound 4), 

A 
HN 
V 

bis(polyethyleneglycol)amine (where n is from 1 to about 20), 

(CH2CH2O). H 
A 

HN 
V 
(CH2CH2O). H 

diisopropanolamine, 

OH 

CH-CH-CH 

HN 

CH-CH-CH 

OH 

serinol (also known as 2-amino-1,3-propanediol), 

NH 

HO-CH-CH-CH-OH 

2-amino-2-methyl-1,3-propanediol, 

NH2 

HO-CH-CH-CH-OH 

CH 
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-continued 
2-amino-2-ethyl-1,3-propanediol, 

NH2 

HO-CH-CH-CH-OH 

CHCH 

tris(hydroxymethyl)aminomethane, 

CH2OH 

HOCH-C-NH 

CH2OH 

tris(hydroxyethyl)aminomethane, 

CH2CH2OH 

HOCH2CH-C-NH 

1-amino-1-deoxysorbitol (also referred to as glucamine), 

NH2 

H OH 

HO H 

H OH 

H OH 

CHOH 
N-methyl-D-glucamine, 

NHCH 

H OH 

HO H 

H OH 

H OH 

CH2OH 

0250 In one step, the activated carbonate ester is con 
verted to the corresponding carbamate using a monohy 
droxyamine to maintain Valency from one generation to the 
next yet impart unique properties Such as arm length, Steric 
bulk, Solubility, or other physical properties. Examples of 
Such monohydroxyamines include, but are not limited to: 

3-pyrrolidinol, 

OH 

NH 

2-(hydroxymethyl)pyrrollidine, 

C) CH-OH 
NH 
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-continued 
3-hydroxypiperidine (also referred to as 3-piperidinol), 

cr" 
NH 

3-(hydroxymethyl)piperidine, 

or 
NH 

2-(hydroxymethyl)piperidine, 

O 
4-(2-hydroxyethyl)piperidine, 

CH2CH2OH 

NH 

4-piperidinol, 

NH 

2.2.6,6-tetramethyl-4-piperidinol, 

mono-amino-oligoethylene glycol (where n is from 1 to about 10), 

mono-amino-polyethylene glycol (where n is from 1 to about 200), 

0251. In one step, the activated carbonate ester is con 
verted to the corresponding carbamate using a primary or 
Secondary amine which acts as a “terminating amine. In 
one embodiment, a mono-protected diamine is employed. In 
a preferred embodiment, the terminating amine is a mono 
CBZ protected piperazine, Since this compound provides a 
convenient Secondary amine handle for adding functionality 
by acylation with other reactive groupS Such as haloacetyl, 
maleimidoyl, etc. depending on what is desired at the 
N-terminus. For example, reaction with mono-CBZ-pro 
tected piperazine in the presence of triethylamine 
((CHCH-)N) in methylene chloride (CHCl) yields the 
CBZ-protected piperazine carbamate, which can then be 
converted to a haloacetyl group: 
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H-N N-CBZ. 

O 

CHCHN O-C-O No. - ON - 

O 

\ / 

| / V 
O-C-N N-CBZ. --- 

O O 

| / \ || 
O-C-N N-C-CHX 

0252 Ethylenediamine and other diamines can function 
Similarly. Examples of preferred terminating amines 
include, but are not limited to those shown below, as well as 
mono-protected (e.g., mono-CBZ-protected) forms thereof: 

0253 piperazine, 

0254 ethylenediamine, 

0255 HN-CH-CH-NH 
0256 propylenediamine, 

0257 HN-CH-CH-CH-NH 
0258 alkylenediamines (where n is an integer from 
1 to about 20), 

0259 N,N'-dimethylethylenediamine, 

0260 CH-NH-CH-CH-NH-CH 
0261 C,c)-diaminopolyethyleneglycol (where n is 
an integer from 1 to about 200, preferably from 1 to 
about 20), 

HN-- CH2CH2O -- CHCH- NH2 
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0262 A particularly preferred terminating amines is 
mono-CBZ-protected piperazine: 

O 

H-N s--o-ch -( ) 
\ / 

0263. In principle any primary or Secondary amine con 
taining compound which contains a reactive conjugating 
group (Such as those described above) or a biologically 
active molecule can be used to terminate the dendrimer and 
provide the terminal functionality that is desired. For 
example, amino alcohols would provide terminal hydroxyl 
groups, amino aldehydes would provide terminal aldehyde 
groups, amino acids would provide terminal carboxylic 
acids, and aminothiols would provide terminal thiols. Meth 
ods for the introduction of other reactive conjugating func 
tional groups, Such as those described above, as terminating 
groups are well known to those of skill in the art. 

0264 C. Valency Platform Conjugates, Methods of 
Preparation, and Uses Thereof 

0265. In one embodiment, valency platform molecules 
are provided which act as Scaffolds to which one or more 
molecules may be covalently tethered to form a conjugate. 
Thus, in another aspect, the present invention pertains to 
Valency platform conjugates. 

0266. In one embodiment, the valency platform is 
covalently linked to one or more biologically active mol 
ecules, to form a conjugate. The term “biologically active 
molecule' is used herein to refer to molecules which have 
biological activity, preferably in Vivo. In one embodiment, 
the biologically active molecule is one which interacts 
Specifically with receptor proteins. 

0267 In one embodiment, the valency platform is 
covalently linked to one or more oligonucleotides, to form 
a conjugate. In one embodiment, the Valency platform is 
covalently linked to one or more peptides, to form a con 
jugate. In one embodiment, the Valency platform is 
covalently linked to one or more polypeptides, to form a 
conjugate. In one embodiment, the Valency platform is 
covalently linked to one or more proteins, to form a conju 
gate. In one embodiment, the Valency platform is covalently 
linked to one or more antibodies, to form a conjugate. In one 
embodiment, the Valency platform is covalently linked to 
one or more Saccharides, to form a conjugate. In one 
embodiment, the Valency platform is covalently linked to 
one or more polysaccharides, to form a conjugate. In one 
embodiment, the Valency platform is covalently linked to 
one or more epitopes, to form a conjugate. In one embodi 
ment, the Valency platform is covalently linked to one or 
more mimotopes, to form a conjugate. In one embodiment, 
the Valency platform is covalently linked to one or more 
drugs, to form a conjugate. 

0268. In one embodiment, the biological molecule is first 
modified to possess a functionalized linker arm, to facilitate 
conjugation. An example of Such a functionalized linker arm 
is a polyethylene glycol disulfide, Such as, for example: 
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A-4-is-ski 
CH 

0269. One advantage of the valency platforms of the 
present invention is the ability to introduce enhanced affinity 
of the tethered biologically active molecules for their bind 
ing partners. Another advantage of the Valency platforms of 
the present invention is the ability to facilitate crosslinking 
of multiple ligands, as is useful in B cell tolerance. Another 
advantage of the Valency platforms of the invention is the 
ability to include functionality on the “core” that can be 
independently modified to enable the preparation of conju 
gates which can be tailored for Specific purposes. 

0270 Conjugates of the valency platform molecule and 
one or more biologically active molecules may be prepared 
using known chemical Synthetic methods. AS discussed 
above, the termini of the Valency platform molecule (i.e., the 
R^, R', and/or R^' of the group -NR'R'', as discussed 
above) preferably comprise a reactive conjugating func 
tional group, and this reactive functional group may be used 
to couple the Valency platform to the desired biologically 
active molecule. 

0271 In one embodiment, the reactive haloacetyl group 
may be used to couple the Valency platform to a biologically 
active molecule which possesses one or more reactive 
conjugating functional groups which are reactive towards 
the haloacetyl group, and which react to yield a covalent 
linkage. 

0272 For example, if the biologically active molecule is 
a protein which has one or more free amino groups (i.e., 
-NH2), the two groups may be used to form the conjugate: 

O 

valency platform-C-CH2X + H2N-protein He 

O 

valency platform-C-CH-NH-protein 

0273. In another example, if the biologically active mol 
ecule is a protein which has one or more free thiol groups 
(i.e., -SH) or Sulfide groups (i.e., -SR), the two groups 
may be used to form the conjugate: 

O 

valency platform-C-CH2X + RS-protein He 

O 

valency platform-C-CH2-S-protein 

0274. In another embodiment, a terminal maleimidoyl 
group may be used to couple the Valency platform to a 
biologically active molecule which possesses one or more 
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reactive conjugating functional groups which are reactive 
towards the maleimidoyl group, and which react to yield a 
covalent linkage. 
0275 For example, if the biologically active molecule is 
a protein which has one or more free thiol groups (i.e., 
-SH) or Sulfide groups (i.e., -SR), the two groups may be 
used to form the conjugate: 

O 

valency platform-N -- RS-protein Ho 

O 
O 

S-protein 
valency platform-N 

0276 D. Examples 
0277. Several embodiments of the present invention are 
illustrated in the Examples below, which are offered by way 
of illustration and not by way of limitation. 

EXAMPLE 1. 

Examples of Synthesis of Amine Diols 
0278 A chemical scheme for the preparation of HEGA 
(bis-hexaethyleneglycolamine) is shown in FIG. 10. One 
hydroxy terminus of hexaethylene glycol is first converted to 
a tosyl group (compound 1), which is then converted to a 
bromo group (compound 2). The resulting compound is then 
reacted with tosylamide to yield tosylated bis-hexaethyl 
eneglycolamine (compound 3). The tosyl group is then 
removed to yield the desired bis-hexaethyleneglycolamine 
(compound 4). 
0279 A chemical scheme for the preparation of DEGA 
(bis-diethyleneglycolamine) is also shown in FIG. 10. Chlo 
rodiethylene glycol (compound 5) is reacted with aminodi 
ethylene glycol (compound 6) to yield the desired bis 
diethyleneglycolamine (compound 7). 

Compound 1 

HeXaethyleneglycol mono-tosylate 

0280 25 g (88.5 mmol) of hexaethyleneglycol was 
stirred at 0° C. in 200 mL of CHCl, and 14.3 mL of 
pyridine (177 mmol; 2 eq.) was added to the mixture 
followed by 17.4 g (88.5 mmol) of tosylchloride. The 
reaction mixture was stirred at room temperature for 24 
hours and partitioned between 400 ml of 1N HCl and 200 ml 
of CHCl2. The organic layer was dried over MgSO, 
filtered, and concentrated to provide 31 g of a light yellow 
oil. Purification by Silica gel chromatography (CH2Cl2/ 
MeOH) provided 15.32 g (40%) of 1 as a light yellow oil: 
H NMR (CDC1) 82.45 (s, 3H), 3.55-3.75 (m, 22H), 4.15 

(t, 2H), 7.35 (d. 2H), 7.80 (d. 2H); HRMS (FAB) calculated 
for CHOS (M+H): 437.1845. Found: 437.1834. 
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Compound 1 

HeXaethyleneglycol mono-tosylate 

0281 50 g of HEG (177 mmol) was dissolved in 300 ml 
of CH2Cl and 7.2 ml (88 mmol) of pyridine was added at 
room temperature. 17.4 g (88 mmol) of tosylchloride was 
added to the mixture in four batches, each 2 hours apart. 
After the last addition, the mixture was stirred for 16 hours. 
The reaction mixture was concentrated, 150 mL of 0.1 M 
HCl was added, and the mixture was extracted twice with 
hexane to remove excess tosylchloride. The aqueous layer 
was washed with three portions of ether to remove di 
tosylate. This was carefully monitored by TLC to avoid any 
removal of mono-tosylate. The aqueous layer was then 
extracted with portions of CH2Cl2. The combined organic 
layers were washed with 0.1 M HCl, dried over MgSO, 
filtered, and concentrated to give 23.6 g (31%) of compound 
1. 

Compound 2 

HeXaethyleneglycol mono-bromide 
0282 Compound 1 (18 g., 41.3 mmol) was dissolved in 
120 mL of acetone and 10.8 g of LiBr (124 mmol) was 
added. The mixture was stirred at 60° C. for 2 hours, the 
reaction mixture was allowed to cool to room temperature, 
and 500 mL of HO was added. The mixture was extracted 
with 2x500 mL of CHCl2. The combined organic layers 
were dried over MgSO, filtered, and concentrated to give 
13.7 g (96%) of compound 2 as a light yellow oil: "H NMR 
(CDC1) 83.50 (t, 2H), 3.60-3.75 (m, 20H), 3.83 (t, 2H); 
HRMS (FAB) calculated for CHBrO (M+H): 345.0913. 
Found: 345.0922. 

Compound 3 

N,N-bis-hexethyleneglycol-tosylamide 

0283 Compound 2 (3.5 g., 9.8 mmol) and 0.84 g (4.9 
mmol) of tosylamide were dissolved in 35 mL of CHCN. 
Potassium carbonate (1.63 g (11.8 mmol), which had been 
dried in the 100° C. oven, was added, and the mixture was 
refluxed for 18 hours under N. The mixture was allowed to 
cool to room temperature, and 150 mL of HO was added. 
The mixture was extracted with 3x150 mL of CHCl2. The 
combined organic layers were washed with H2O, dried 
(MgSO), filtered, and concentrated to give 3.3 g of a light 
yellow oil. Purification by Silica gel chromatography 
(CHCl, /MeOH) provided 2.7 g (79%) of compound 3 as a 
light yellow oil: "H NMR (CDC1) 82.45 (s, 3H), 3.35 (t, 
4H), 3.55-3.8 (m, 44H), 7.27 (d. 2H), 7.69, (d. 2H); HRMS 
(FAB) calculated for CH,CsNOS (M+Cs): 832.2554. 
Found: 832.2584. 

Compound 4 

N,N-bis-hexethyleneglycol-amine 

0284 Compound 3, (2.74 g) was dissolved in 4 mL of dry 
THF and transferred to a three-neck flask equipped with a 
Dewar-condenser. This was stirred at -78 C. as 100 mL of 
NH was condensed into the mixture. Approximately 1-2 g 
of Na was added to the mixture at -78 C. in small portions 
until the dark blue color persisted. The cooling bath was 
removed, and the mixture was then stirred at reflux for 30 
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minutes. Cooling at -78 C. was continued, and the reaction 
was carefully quenched with glacial acetic acid until all the 
blue color disappeared. The NH was allowed to evaporate, 
and the white solid was dried under vacuum to yield 
compound 4. This material was used as is in Subsequent 
StepS assuming a 100% yield. 

Compound 7 

DEGA (bis-diethyleneglycolamine) 
0285 Compound 7 was prepared according to an existing 
literature procedure as shown below (Bondunov et al., J. 
Org. Chem. 1995, Vol. 60, pp. 6097-6102). 33.8 g (321 
mmol) of aminodiethyleneglycol (compound 6), 9.4 g (88.3 
mmol) of Na2CO, 200 mL of toluene, and 10.0 g (80.3 
mmol) of chlorotriethyleneglycol (compound 5), were 
refluxed with a Dean-Starke trap to remove water for 48 
hours. The mixture was allowed to cool then filtered and 
concentrated. The resulting 45.8 g of material was vacuum 
distilled (bp 153-158°C., 0.1 Torr) to yield 12.0 g (78%) of 
compound 7. 

EXAMPLE 2 

Synthesis of Octamer of HEGA/TEG Using 
Segmental Approach 

0286 A chemical scheme for the preparation of an 
octamer of HEGA/TEG is shown in FIGS. 11A and 11B. 
Compound. The bis-hexaethyleneglycolamine (compound 
4) was reacted with di-tert-butyldicarbonate to yield the 
N-BOC compound (compound 8), which was then reacted 
with para-nitrophenylchloroformate to yield the para-nitro 
phenylcarbonate compound (compound 9). The para-nitro 
phenylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-CBZ-protected 
piperazine, yielding compound 10. The BOC group was 
removed using trifluoroacetic acid to yield compound 11. 
Compounds 9 and 11 were then reacted together to form a 
“one-sided” dendritic compound (compound 12). Again, the 
BOC group was removed using trifluoroacetic acid to yield 
compound 13. Compound 13 was then reacted with trieth 
yleneglycol bis chloroformate (from which the “core” is 
derived) to yield the “two-sided” dendritic compound (com 
pound 14). The terminal CBZ-protected amino groups were 
then converted to the hydrobromide Salt of amino group, and 
further reacted with bromoacetic anhydride to yield reactive 
bromoacetyl groups at each of the termini in compound 15. 

Compound 8 

N-BOC-N,N-bis-hexaethyleneglycol-amine 

0287 Compound 4 (797mg, 1.46 mmol) was dissolved 
in 14 mL of HO, and the mixture was stirred at room 
temperature. To the mixture was added 465 mg (4.38 mmol) 
of NaCO. The pH was checked to make sure it was basic, 
and 319 mg (1.46 mmol) of di-tert-butyldicarbonate 
((BOC).O)was dissolved in 7 mL of dioxane and the result 
ing Solution was added to the reaction mixture. The mixture 
was stirred at room temperature for 6 h and partitioned 
between 100 ml of HO and 3x100 mL of CHC1. The 
combined organic layers were dried (MgSO), filtered, and 
concentrated to give 605 mg (64%) of compound 8 as a light 
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yellow oil: "H NMR (CDC1) 81.45 (s, 9H), 3.45 (m, 4H), 
3.8-3.5 (m, 44H): MS (ESI) calculated for CH-NaNO 
(M+Na): 668. Found: 668. 

Compound 9 

0288 Compound 8 (52 mg, 0.08 mmol) was dissolved in 
3 mL of CH2Cl and 97 mg (0.483 mmol) of p-nitrophenyl 
chloroformate was added to the mixture. The mixture was 
stirred at 0°C., 78 uL (0.966 mmol) of pyridine was added, 
and the mixture was then Stirred at room temperature for 4 
hours. The reaction mixture was cooled to 0° C., acidified 
with 1 NHCl, and partitioned between 10 mL of 1 NHCl 
and 3x10 mL of CHCl2. The combined organic layers were 
dried (MgSO), and concentrated to give 132 mg of an oil. 
Purification was accomplished by Silica gel chromatography 
(98:2 CHCl/MeOH) to give 57 mg (74.0%) of compound 
9 as an oil: "H NMR (CDC1) 81.49 (s, 9H), 3.43 (m, 4H), 
3.52-3.77 (m, 36H), 3.83 (m, 4H), 4.47 (m, 4H), 7.41 (d. 
4H), 8.32 (d, 4H); MS (ESI) calculated for CH5NaNO 
(M+Na): 998. Found: 998. 

Compound 10 
0289 Compound 9 (2.72 g, 2.79 mmol) was dissolved in 
10 mL of CH2Cl and the mixture was stirred at 0°C. To the 
mixture was added 1.16 ml (8.36 mmol) of EtN followed by 
1.842 g (8.36 mmol) of mono-CBZ-piperazine dissolved in 
10 mL of CH2Cl2. The mixture was stirred at room tem 
perature for 18 hours, cooled to 0°C., and acidified with 1 
N HC1. The mixture was partitioned between 150 mL of 1 
N HCl and 3x150 mL of CHCl. The combined organic 
layers were washed with saturated NaHCO solution, dried 
(MgSO) and concentrated to give 3.64 g of a yellow oil. 
Purification by silica gel chromatography (97/3 CHCl/ 
MeOH) gave 3.1 g (98%) of compound 10 as a light yellow 
oil: "H NMR (CDC1) 81.45 (s, 9H), 3.40-3.55 (m, 12H), 
3.55-3.68 (m, 36H), 3.71 (m, 4H), 4.37 (m, 4H), 5.17 (s, 
4H), 7.35 (brd s, 10OH); MS (ESI) calculated for 
C.H.,NaN.O. (M+Na): 1060. Found: 1060. 

Compound 11 
0290 Compound 10 (3.54g, 3.11 mmol) was dissolved 
in 15 mL of CH2Cl and 15 mL of trifluoroacetic acid (TFA) 
was added to the mixture. The mixture was stirred at room 
temperature for 4 hours and concentrated. The residue was 
re-dissolved in 10 mL of CH2Cl and neutralized by shaking 
with a saturated solution of NaHCO at 0°C. The mixture 
was then partitioned between 100 mL of Saturated NaHCO 
solution and 4x100 mL of CHC1. The combined organic 
layers were dried (MgSO), filtered, and concentrated to 
give 3.16 g of compound 11 (98%) as a yellow oil: "H NMR 
(CDC1) 82.88 (t, 4H), 3.50 (brds, 16H), 3.56-3.69 (m, 
36H), 3.71 (m, 4H), 4.28 (m, 4H), 5.15 (s, 4H), 7.38 (brds, 
10H); MS (ESI) calculated for CHNOs (M+H): 1037. 
Found: 1038. 

Compound 12 
0291 Compound 9 (647 mg, 0.663 mmol) and 2.065g 
(1.989 mmol) of compound 11 were dissolved in 3 mL of 
CHCl, and 462 it (3.315 mmol) of EtN and 40 mg (0.331 
mmol) of DMAP (4-dimethylaminopyridine) was added to 
the mixture. The reaction mixture was stirred at room 
temperature overnight and cooled to 0° C. To the mixture 
was added 5 mL of HO, and the mixture was acidified with 
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1 NHCl and partitioned between 50 mL of HO and 3x50 
mL of CH-Cl. The combined organic layers were dried 
(MgSO) and concentrated to give 2.77 g (72.1%) of a 
yellow oil. Purification by Silica gel chromatography 
(CH2Cl2/MeOH) gave 1.307 g (72%) of compound 12 as a 
yellow oil: "H NMR (CDC1) 81.46 (s, 9H), 3.49 (brds, 
32H), 3.52-3.67 (m,92H), 3.69 (m,8H), 4.22 (m, 12H), 5.15 
(s, 8H), 7.35 (brds, 20H). 

Compound 13 

0292 Compound 12 (1.3 g, 0.47 mmol) of the starting 
material was dissolved in 10 mL of CH2Cl and 10 mL of 
TFA (trifluoroacetic acid) was added. The mixture was 
Stirred at room temperature for 4 hours, concentrated, and 
re-dissolved in 10 mL of CHC1. The mixture was neutral 
ized shaking with a saturated solution of NaHCO at 0° C. 
The mixture was partitioned between 25 mL of saturated 
NaHCO, solution and 4x25 mL of CH.Cle. The combined 
organic layers were dried (MgSO) and concentrated to give 
1.23 g (98%) of compound 13 as a yellow oil: "H NMR 
(CDC1) 83.48 (brds, 32H), 3.53-3.67 (m, 92H), 3.71 (m, 
8H), 4.22 (m, 12H), 5.15 (s, 8H), 7.38 (brds, 20H). 

Compound 14 

0293 Compound 13 (600 mg, 0.224 mmol) was dis 
solved in 1.5 mL of CH2Cl and the mixture was stirred at 
0° C. To the mixture was added 65 uL (0.373 mmol) of 
DIPEA followed by the slow addition of a solution of 20.5 
mg (0.075 mmol) of triethyleneglycol bis-chloroformate 
dissolved in 0.5 mL of CH2Cl2. After 3 hours the reaction 
mixture was cooled to 0° C. and acidified with 1 NHCl. The 
mixture was partitioned between 25 ml of 1 NHCl and 2x25 
ml of CH-Cl. The combined organic layers were dried 
(MgSO) and concentrated to give 566 mg of a light yellow 
oil. Purification by silica gel chromatography (95/5 CH-Cl/ 
MeOH) gave 145 mg of compound 14 (35%) as a light 
yellow oil: "H NMR (CDC1) 83.51 (brds, 64H), 3.54-3.77 
(m, 272H), 4.23 (m, 28H), 5.17 (s, 16H), 7.36 (brds, 40H); 
MS (ESI) calculated for CoHNOos (M+H): 5549. 
Found: 5549. 

Compound 15 

0294 Compound 14 (143 mg, 0.026 mmol) was treated 
with 3 mL of 30% HBr/AcOH for 30 min. The resulting HBr 
salt was precipitated with ether. The solids were collected by 
centrifugation and washed three times with ether. The result 
ing HBr Salt was dried in the desiccator overnight and 
dissolved in 1.2 ml of HO. The mixture was stirred at 0°C., 
and 97 mg (1.16 mmol) of sodium bicarbonate was added. 
A solution of 107 mg (0.412 mmol) of bromoacetic anhy 
dride in 1.2 mL of dioxane was added, the mixture was 
stirred at 0° C. for 15-20 min. To the mixture was added 10 
mL of HO, and the mixture was slowly acidified with 1 M 
HSO to a pH of 4. The aqueous layer was extracted with 
2x10 mL of EtOAc which was discarded. The aqueous layer 
was then extracted with 6x10 mL of 8/2CHCl/MeOH. The 
combined organic layers were dried (MgSO), filtered and 
concentrated to give 117 mg of an oil. Preparative HPLC 
(C18, gradient, 35-55% B, A=0.1% TFA/HO and B=0.1% 
TFA/CHCN) to give 27 mg (19%) of compound 15 as a 
colorless oil: "H NMR (CDC) 3.46-3.75 (m, 336H), 3.90 
(m, 16H), 4.21-4.33 (m, 28H); MS (ESI) calculated for 
CHss, Brs.N.Oos (M+H): 5435. Found: 5448. 
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EXAMPLE 3 

Synthesis of Octamer of DEGA/TEG Using 
Segmental Approach 

0295) A chemical scheme for the preparation of an 
octamer of DEGA/TEG is shown in FIGS. 12A and 12B. 
The bis-diethyleneglycolamine (compound 7) was reacted 
with di-tert-butyldicarbonate to yield the N-BOC com 
pound (compound 16), which was then reacted with para 
nitrophenylchloroformate to yield the para-nitrophenylcar 
bonate compound (compound 17). The para 
nitrophenylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-CBZ-protected 
piperazine, yielding compound 18. The BOC group was 
removed using trifluoroacetic acid to yield compound 18a. 
Compounds 17 and 18a were then reacted together to form 
a “one-sided” dendritic compound (compound 19). Again, 
the BOC group was removed using trifluoroacetic acid to 
yield compound 19a. Compound 19a was then reacted with 
triethyleneglycol bis chloroformate (from which the “core” 
is derived) to yield the “two-sided” dendritic compound 
(compound 20). The terminal CBZ-protected amino groups 
were then converted to the hydrobromide Salt of amino 
group, and further reacted with bromoacetic anhydride to 
yield reactive bromoacetyl groups at each of the termini in 
compound 20a. 

Compound 16 

N-BOC-N,N-bis-diethyleneglycol-amine 

0296) To a solution of 600 mg (3.10 mmol) of bis 
diethyleneglycolamine (compound 7) in 9.9 mL of 10% 
aqueous Na2CO was added Slowly a Solution of 678 mg 
(3.10 mmol) of di-tert-butyldicarbonate in 5 mL of dioxane. 
The mixture was stirred at room temperature for 5 hours, and 
25 mL of water was added. The mixture was shaken with 
EtO, the EtO layer was discarded, and the mixture was 
extracted with three 25 mL portions of CHCl2. The CH-Cl 
extracts were combined, dried (MgSO), filtered and con 
centrated to give 717 mg (79%) of compound 16 as a viscous 
oil: "H NMR (CDC1) 81.48 (s, 9H), 3.45 (brds, 4H), 3.60 
(t, 4H), 3.65 (brds, 4H), 3.69 (brds, 4H). 

Compound 17 

0297 To a solution of 200 mg (0.68 mmol) of compound 
16 and 822 mg g (4.08 mmol) of 4-nitrophenylchlorofor 
mate in 30 mL of CHCl was added 0.66 mL (8.16 mmol) 
of pyridine at 0° C. The mixture was stirred at room 
temperature for 1.5 hours then cooled back to 0°C., and the 
mixture was acidified with 1 NHCl and partitioned between 
50 mL of 1 NHCl and three 50 mL portions of CHC1. The 
combined CHCl extracts were dried (MgSO), filtered and 
concentrated to give 1.21 g of yellow oil. The mixture was 
partially purified by Silica gel chromatography (CH2Cl2/ 
MeOH) to give 581 mg of partially purified compound 17 
which still contained 4-nitrophenol; MS (ESI) calculated for 
CH-NaNO (M+Na): 646. Found: 646. This material 
was used directly in the next step. 

Compound 18 

0298 To a solution of 421 mg of partially purified 
compound 17 (0.68 mmol theoretical) and 282 ul (2.02 
mmol) of EtN in 4 mL of CH2Cl at 0° C. was added a 
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solution of 446 mg (2.02 mmol) of mono-CBZ-piperazine in 
4 mL of CH-Cl. The mixture was stirred at room tempera 
ture for 1.5 hours, cooled back to 0 C., acidified with 1 N 
HCl, and partitioned between 50 mL of 1 NHCl and 3x50 
mL of CHCl2. The combined CHCl layers were washed 
with saturated NaHCO solution, dried (MgSO), filtered, 
and concentrated to give 500 mg of viscous residue. Puri 
fication by Silica gel chromatography (CH2Cl2/MeOH) gave 
265 mg (50%) of compound 18 as a viscous oil: "H NMR 
(CDC1) 81.45 (s, 9H), 3.40-3.70 (m, 28H), 4.28 (t, 4H), 
5.16 (s, 4H), 7.37 (brds, 10H); MS (ESI) calculated for 
CH-NaN.O. (M+Na): 808. Found: 809. 

Compound 19 
0299 Compound 18 (77 mg, 0.098 mmol) was dissolved 
in 1.5 mL of CH2Cl and 1.5 mL of TFA was added. The 
mixture was stirred for 6 hours and concentrated. The 
residue was dissolved in 10 mL of CH2Cl and the resulting 
Solution was stirred at 0° C. while 15 mL of Saturated 
NaHCO, solution was added. The aqueous layer was 
extracted with 4x10 mL of CHCl, and the combined 
organic layers were dried (MgSO), filtered, and concen 
trated to give 62 mg (92%) of free amine, compound 18a; "H 
NMR (CDC1) 82.90 (t, 4H), 3.46 (brds, 16H), 3.66 (m, 
8H), 4.25 (t, 4H), 5.16 (s, 4H), 7.36 (brds, 10H). To a 
solution of compound 17 in CHCl is added the free amine, 
compound 18a (3 eq.) and pyridine. The mixture is stirred at 
room temperature until the reaction appears done by TLC. 
The product is isolated by extractive workup and purifica 
tion by Silica gel chromatography to give compound 19. 

Compound 20 
0300 Compound 19 is dissolved in 1/1 CHCl/TFA, and 
stirred at room temperature for 1 hour. The mixture is 
concentrated under Vacuum to provide an amine intermedi 
ate, compound 19a. Two equivalents of the intermediate 
amine is reacted with triethyleneglycol bis-chloroformate in 
CHCl and pyridine. The product is isolated by extractive 
Workup and purification by Silica gel chromatography to 
give compound 20. 

Compound 20a 
0301 In a process similar to that described above for 
compound 15, compound 20 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added HO, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHCl2/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 20a. 

EXAMPLE 4 

Synthesis of Tetramer of DEGA/TEG Using Core 
Propagation Approach 

0302) A chemical scheme for the preparation of an tet 
ramer of DEGA/TEG is shown in FIG. 13. The bis-dieth 
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yleneglycolamine (compound 7) was reacted triethyleneg 
lycol bis chloroformate (from which the “core” is derived) 
to yield the tetrahydroxy compound, compound 21. Com 
pound 21 was then reacted with para-nitrophenylchlorofor 
mate to yield the tetra para-nitrophenylcarbonate compound 
(compound 22). The para-nitrophenylcarbonate (PNP) 
group was then converted to a carbamate group by reaction 
with mono-CBZ-protected piperazine, yielding compound 
23. The terminal CBZ-protected amino groups were then 
converted to the hydrobromide Salt of amino group, and 
further reacted with bromoacetic anhydride to yield reactive 
bromoacetyl groups at each of the termini in compound 23a. 

Compound 21 
0303) To a solution of 1.94 g (10.0 mmol) of compound 
7 and 1.75 mL (1.30 g, 10.0 mmol) of EtN at 0° C. a 
solution of 980 uL (1.31 g, 4.78 mmol) of triethyleneglycol 
bis-chloroformate in 35 mL of CH2Cl2. The mixture was 
Stirred for 3 hours at room temperature and concentrated to 
give 4.84 g of crude compound 21 which was used as is in 
the next step: 'H NMR (CDC1) 83.10 (m, 4H), 3.45-3.78 
(m, 32H), 4.24 (m, 4H). 

Compound 22 

0304 Pyridine (9.3 mL, 114.7 mmol) was added to a 
stirred solution of 4.84 g of crude compound 21 (4.78 mmol 
theoretical) and 7.71 g (38.24 mmol) of 4-nitrophenylchlo 
roformate at 0° C., and the mixture was stirred for 4 hours 
at room temperature. The mixture was cooled to 0° C. and 
acidified with 1 N HCl. The mixture was partitioned 
between 250 mL of 1 NHCl and 2x250 mL of CHC1. The 
organic layers were combined, dried (MgSO), filtered and 
concentrated to give 9.81 g of crude product. Purification by 
Silica gel chromatography (CH2Cl2/MeOH) gave 4.40 g 
(74%) of compound 22 as a sticky viscous oil: "H NMR 
(CDC1) 83.56 (m, 8H), 3.61-3.72 (m, 16H), 3.76 (m, 8H), 
4.23 (t, 4H), 4.44 (t,8H), 7.40 (d. 8H), 8.28, (d. 8H); HRMS 
(FAB) calculated for CHCsNO (M+Cs): 1381.2408. 
Found: 1381.2476. 

Compound 23 

0305) A solution of 106 mg (0.48 mmol) of mono-CBZ 
piperazine in 0.5 mL of CHCl was added to a stirred 
solution of 100 mg (0.08 mmol) of compound 22 and 67 uL 
(0.48 mmol) of EtN at 0°C. The mixture was stirred for 18 
hours at room temperature, cooled to 0 C., and acidified 
with 1 NHCl. The mixture was partitioned between 5 mL of 
1 NHCl and 3x5 mL of CHC1. The organic layers were 
combined, washed with saturated NaHCO Solution, dried 
(MgSO), filtered, and concentrated to give 119 mg of 
yellow oil. Purification by Silica gel chromatography 
(CH.Cl/MeOH) gave 81 mg (64%) of compound 23 as a 
viscous oil: "H NMR (CDC1) 83.48 (brds, 40H), 3.52-3.74 
(m, 24H), 4.24 (t, 12H), 5.14 (s, 8H), 7.35 (brds, 20H); 
HRMS (FAB) calculated for CHCsNo.O. (M--Cs): 
1705.6178. Found: 1705.6269. 

Compound 23a 
0306 In a process similar to that described above for 
compound 15, compound 23 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
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overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added HO, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHC/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 23a. 

EXAMPLE 5 

Synthesis of Tetramer of DEGA/PTH Using Core 
Propagation Approach 

0307. A chemical scheme for the preparation of an tet 
ramer of DEGA/PTH is shown in FIG. 14A. The bis 
diethyleneglycolamine (compound 7) was reacted with 
terephthaloyl chloride (from which the “core” is derived) to 
yield the tetrahydroxy compound, compound 24. Compound 
24 was then reacted with para-nitrophenylchloroformate to 
yield the tetra para-nitrophenylcarbonate compound (com 
pound 25). The para-nitrophenylcarbonate (PNP) group was 
then converted to a carbamate group by reaction with 
mono-CBZ-protected piperazine, yielding compound 26. 
The terminal CBZ-protected amino groups were then con 
verted to the hydrobromide Salt of amino group, and further 
reacted with bromoacetic anhydride to yield reactive bro 
moacetyl groups at each of the termini in compound 26a. 

Compound 24 

0308) A solution of 300 mg (1.48 mmol) of terephthaloyl 
chloride in 9 mL of CHCl was slowly added to a 0° C. 
solution of 600 mg (3.10 mmol) of 7 and 540 uL (3.10 
mmol) of diisopropylethylamine in 12 mL of CHCl2, and 
the mixture was stirred under nitrogen atmosphere for 3 
hours at room temperature. The mixture was concentrated 
under vacuum to give 1.53 g of a crude mixture which 
contained 24. 

Compound 25 

0309 The 1.53 g of crude 24 and 2.38 g (11.81 mmol) of 
4-nitrophenylchloroformate were dissolved in 30 mL of 
pyridine, and the resulting solution was stirred at 0°C. while 
1.91 mL (23.62 mmol) of pyridine was added. The mixture 
was stirred at room temperature for 4 hours, cooled to 0°C., 
and acidified with 1 NHCl. The mixture was partitioned 
between 75 mL of 1 NHCl and 2x75 mL of CHC1. The 
organic layers were combined, washed with Saturated 
NaHCO, solution, dried (MgSO), filtered, and concentrated 
to give 2.75 g of an oil. Purification by Silica gel chroma 
tography (CH2Cl2/MeOH) gave 1.33 g (76%) of 25 as a 
viscous oil: "H NMR (CDC1) 83.52 (brds, 8H), 3.65 (brd 
s, 4H), 3.81 (brds, 12H), 4.41 (m, 8H), 7.38 (m, 8H), 7.47 
(s, 4H), 8.27 (m, 8H); HRMS (FAB) calculated for 
C.H.N.O. (M+H): 1177.3010. Found: 1177.3062. 

Compound 26 

0310. A solution of 113 mg (0.51 mmol) of mono-CBZ 
piperazine in 0.5 mL of CHCl was added to a stirred 
solution of 100 mg (0.085 mmol) of compound 25 and 71 uL 
(0.51 mmol) of EtN at 0°C. The mixture was stirred for 18 
hours at room temperature, cooled to 0 C., and acidified 
with 1 NHCl. The mixture was partitioned between 5 mL of 
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1 NHCl and 3x5 mL of CH2Cl2. The organic layers were 
combined, washed with saturated NaHCO Solution, dried 
(MgSO), filtered, and concentrated to give 125 mg of 
yellow oil. Purification by Silica gel chromatography 
(CH.Cl/MeOH) gave 59 mg (46%) of 26 as a viscous oil: 
H NMR (CDC1) 83.45 (brds, 40H), 3.55 (m, 4H), 3.72 (m, 
4H), 3.78 (s, 8H), 4.24 (m, 8H), 5.13 (s, 8H), 7.34 (brds, 
20H), 7.42 (s, 4H); HRMS (FAB) calculated for 
C.H.CSN.O. (M+Cs): 1633.5755. Found: 1633.5846. 

Compound 26a 
0311. In a process similar to that described above for 
compound 15, compound 26 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added H2O, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CH.Cl/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 26a. 

EXAMPLE 6 

Synthesis of Octamer of DEGA/PTH Using Core 
Propagation Approach 

0312. A chemical scheme for the preparation of an 
octamer of DEGA/PTH is shown in FIG. 14B. The bis 
diethyleneglycolamine (compound 7) was reacted with the 
tetra para-nitrophenylcarbonate compound (compound 25) 
to yield the octahydroxy compound, compound 27a. Com 
pound 27a was then reacted with para-nitrophenylchloro 
formate to yield the octa para-nitrophenylcarbonate com 
pound (compound 27). The para-nitrophenylcarbonate 
(PNP) group was then converted to a carbamate group by 
reaction with mono-CBZ-protected piperazine, yielding 
compound 28. The terminal CBZ-protected amino groups 
were then converted to the hydrobromide Salt of amino 
group, and further reacted with bromoacetic anhydride to 
yield reactive bromoacetyl groups at each of the termini in 
compound 28a. 

Compound 27a 
0313 A Solution of 98 mg (0.51 mmol) of compound 7 in 
0.5 mL of CHCl was added to a stirred solution of 100 mg 
(0.085 mmol) of compound 25 and 71 ul (0.51 mmol) of 
EtN at 0°C., and the mixture was stirred for 18 hours. The 
mixture was concentrated to give 250 mg of crude product, 
compound 27a. 

Compound 27 

0314 Crude compound 27a (250mg) was dissolved in 4 
mL of CHC1. The mixture was cooled to 0°C., and 275 mg 
(1.36 mmol) of 4-nitrophenylchloroformate was added fol 
lowed by 220 uL (2.74 mmol) of pyridine. The mixture was 
stirred at room temperature for 7 hours, cooled to 0°C., and 
acidified with 1 N HCl. The mixture was partitioned 
between 5 mL of 1 NHCl and 2x15 mL of CHC1. The 
organic layers were combined, washed with Saturated 
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NaHCO Solution, dried (MgSO), filtered, and concentrated 
to give 393 mg of an oil. Purification by silica gel chroma 
tography (CH.Cl/MeOH) gave 123 mg (53%) of compound 
27 as a viscous oil: "H NMR (CDC1) 83.63-3.86 (m, 72H), 
4.46 (t, 24H), 7.26 (s, 4H), 7.35 (m, 16H), 8.24 (m, 16H). 

Compound 28 
0315. A solution of 6 eq. of mono-CBZ-piperazine in 
CHCl is added to a stirred solution of compound 27 and 6 
eq. of EtN at 0°C. The mixture is stirred for 18 hours at 
room temperature, cooled to 0 C., and acidified with 1 N 
HCl. The mixture is partitioned between 1 N HCl and 
CH2Cl2. The organic layers are combined, washed with 
saturated NaHCO solution, dried (MgSO), filtered, and 
concentrated to give crude product which can be purified by 
Silica gel chromatography to give compound 28. 

Compound 28a 
0316. In a process similar to that described above for 
compound 15, compound 28 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added HO, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHCl2/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 28a. 

EXAMPLE 7 

Synthesis of Tetramer of HEGA/TEG Using Core 
Propagation Approach 

0317. A chemical scheme for the preparation of an tet 
ramer of HEGA/TEG is shown in FIG. 15. The bis-hexa 
ethyleneglycolamine (compound 7) was reacted triethyl 
eneglycol bis chloroformate (from which the “core” is 
derived) to yield the tetrahydroxy compound, compound 29. 
Compound 29 was then reacted with para-nitrophenylchlo 
roformate to yield the tetra para-nitrophenylcarbonate com 
pound (compound 30). The para-nitrophenylcarbonate 
(PNP) group was then converted to a carbamate group by 
reaction with mono-CBZ-protected piperazine, yielding 
compound 31. The terminal CBZ-protected amino groups 
were then converted to the hydrobromide salt of amino 
group, and further reacted with bromoacetic anhydride to 
yield reactive bromoacetyl groups at each of the termini in 
compound 31a. 

Compound 29 
0318. To a solution of 2.1 eq. of compound 4 and 2.1 eq. 
of EtN at 0°C. is added a solution of 1 eq. of triethyleneg 
lycol bis-chloroformate in CHCl2. The mixture is stirred at 
room temperature until complete by TLC and concentrated 
to give crude compound 29 which is used as is in the next 
Step. 

Compound 30 
0319 Pyridine (12 eq) is added to a stirred solution of 
crude compound 29 and 6 eq. of 4-nitrophenylchloroformate 
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at 0°C., and the mixture is stirred at room temperature until 
the reaction is complete as evidenced by TLC. The mixture 
is cooled to 0 C., and acidified with 1 NHCl. The mixture 
is partitioned between 1 NHCl and CHC1. The organic 
layers are combined, dried (MgSO), filtered and concen 
trated to give crude product. Compound 30 is purified by 
Silica gel chromatography. 

Compound 31 
0320 A solution of 6 eq. of mono-CBZ-piperazine in 
CHCl is added to a stirred solution of compound 30 and 6 
eq. of EtN at 0° C. The mixture is stirred for at room 
temperature until the reaction is complete as evidenced by 
TLC, cooled to 0° C., and acidified with 1 N HC1. The 
mixture is partitioned between 1 NHCl and CHCl2. The 
organic layers are combined, washed with Saturated 
NaHCO, solution, dried (MgSO), filtered, and concentrated 
to give crude compound 31 which is purified by Silica gel 
chromatography. 

Compound 31a 
0321) In a process similar to that described above for 
compound 15, compound 31 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added HO, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHCl2/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 31a. 

EXAMPLE 8 

Synthesis of Tetramer of DEA/PTH Using Core 
Propagation Approach 

0322. A chemical scheme for the preparation of an tet 
ramer of DEGA/PTH is shown in FIG. 16A. Diethanola 
mine was reacted with terephthaloyl chloride (from which 
the “core” is derived) to yield the tetrahydroxy compound, 
compound 32. Compound 32 was then reacted with para 
nitrophenylchloroformate to yield the tetra para-nitrophe 
nylcarbonate compound (compound 33). The para-nitrophe 
nylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-CBZ-protected 
piperazine, yielding compound 34. The terminal CBZ-pro 
tected amino groups were then converted to the hydrobro 
mide Salt of amino group, and further reacted with bro 
moacetic anhydride to yield reactive bromoacetyl groups at 
each of the termini in compound 34a. 

Compound 32 

0323) A solution of 2.0 g (9.85 mmol) of terephthaloyl 
chloride in 25 mL of THF was added slowly to a 0° C. 
solution of 2.17 g (20.7 mmol) of diethanolamine and 3.6 
mL (20.7 mmol) of diisopropylethylamine in 50 mL of THF. 
The mixture was stirred at room temperature for 3 hours and 
concentrated under vacuum to give 6.7 g of crude compound 
32. A Small amount was purified for characterization pur 
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poses by preparative HPLC (1" C18 column, gradient 0-15% 
B, A=0.1%TFA/HO and B=0.1%TFA/CHCN): "H NMR 
(DO) 83.52 (m, 4H), 3.59 (m, 4H), 3.72 (m, 4H), 3.89 (m, 
4H), 7.51 (s, 4H); MS (ESI) calculated for CHNO 
(M+H): 341. Found: 341. 

Compound 33 

0324 Pyridine (11.4 mL, 141.2 mmol) was slowly added 
to a stirred solution of 6.01 g (8.8 mmol theoretical) of crude 
compound 32 and 14.2 g (70.6 mmol) of 4-nitrophenylchlo 
roformate in 88 mL of THF. The mixture was stirred at room 
temperature for 18 hours and acidified with 1 NHCl. The 
mixture was partitioned between 300 mL of 1 NHCl and 
2x300 mL of CHC1. The combined organic layers were 
washed with saturated NaHCO solution, dried (MgSO), 
filtered, and concentrated to give 14.0 g of Sticky orange oil. 
Purification by silica gel chromatography (CH.Cl/MeOH) 
provided 3.34 g (38%) of compound 33 as a crystalline 
solid: mp 77-85°C.; H NMR (CDC1) 83.76 (bird, 4H), 4.01 
(brd, 4H), 4.38 (brd, 4H), 4.64 (brd, 4H), 7.36 (brd, 8H), 
7.53 (s, 4H), 8.28 (m, 8H), ''C NMR (CDC1) 845.0, 48.5, 
65.9, 66.6, 121.8, 125.0, 125.4, 126.1, 127.2, 137.1, 145.6, 
152.4, 155.2, 171.9; HRMS (FAB) calculated for 
CHCsN.O. (M+Cs): 1133.0937. Found: 1133.0988. 

Compound 34 

0325 A solution of 132 mg (0.6 mmol) of mono-CBZ 
piperazine in 0.5 mL of CHCl was added to a 0° C. 
solution of 100 mg (0.1 mmol) of compound 33 and 84 uL 
(0.6 mmol) of EtN in 0.5 mL of CH-Cl. The reaction 
mixture was stirred for 18 hours at room temperature, cooled 
to 0° C., and acidified with 1 N HC1. The mixture was 
partitioned between 5 mL of 1 N HCl and 3x5 mL of 
CHCl2. The combined organic layers were washed with 
saturated NaHCO solution, dried (MgSO), filtered, and 
concentrated to give 123 mg of white solid. Purification by 
silica gel chromatography (CH.Cl/MeOH) provided 86 mg 
(65%) of compound 34 as a crystalline solid: mp 64-67 C.; 
1H NMR (CDC1) 83.35-3.63 (m,36H)3.86 (bird, 4H), 4.13 
(brd, 4H), 4.41 (brd, 4H), 5.14 (s, 8H), 7.38 (brds, 20H), 
7.43 (s, 4H); C NMR (CDC1) 843.5, 45.1, 48.4, 62.6, 
67.4,126.9, 128.0, 128.2, 128.5, 136.3, 137.4, 155.1, 1714; 
HRMS (FAB) calculated for CHCsNOs (M+Cs): 
1457.47O6. Found: 1457.4781. 

Compound 34a 

0326 In a process similar to that described above for 
compound 15, compound 34 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added H2O, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHCl2/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 34a. 
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EXAMPLE 9 

Synthesis of Octamer of DEA/PTH Using Core 
Propagation Approach 

0327. A chemical scheme for the preparation of an 
octamer of DEA/PTH is shown in FIG. 16B. Diethanola 
mine was reacted with the tetra para-nitrophenylcarbonate 
compound (compound 33) to yield the octahydroxy com 
pound, compound 35a. Compound 35a was then reacted 
with para-nitrophenylchloroformate to yield the octa para 
nitrophenylcarbonate compound (compound 35). The para 
nitrophenylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-CBZ-protected 
piperazine, yielding compound 36. The terminal CBZ-pro 
tected amino groups were then converted to the hydrobro 
mide Salt of amino group, and further reacted with bro 
moacetic anhydride to yield reactive bromoacetyl groups at 
each of the termini in compound 36a. 

Compound 35a 

0328. A solution of 100 mg (0.1 mmol) of compound 33 
in 450 till of pyridine was slowly added to a 0° C. Solution 
of 63 mg (0.6 mmol) of diethanolamine in 150 uL of 
pyridine. The mixture was stirred for 3 hours at room 
temperature and cooled back to 0 C., to yield crude 
compound 35 a, which was used in the next step. 

Compound 35 

0329. A solution of 443 mg (2.2 mmol) of 4-nitrophe 
nylchloroformate was added to the reaction mixture above, 
and the mixture was stirred for 18 hours at room tempera 
ture. The mixture was then cooled to 0 C., and acidified 
with 1 NHCl, and partitioned between 15 mL of 1 NHCl 
and 2x15 mL of CHCl2. The combined organic layers were 
dried (MgSO), filtered, and concentrated to give 462 mg of 
white Sticky Solid. Purification by Silica gel chromatography 
(CH.Cl/MeOH) provided 141 mg (65%) of compound 35 
as a crystalline solid: mp 75-80° C.; H NMR (CDC1) 
83.52-3.81 (m, 20H), 3.89 (m, 4H), 4.12 (m, 4H), 4.36-4.59 
(m, 20H), 7.42 (m, 20H), 8.30 (m, 16H). 

Compound 36 

0330. A solution of 61 mg (0.276 mmol) of mono-CBZ 
piperazine in 200L of CHCl was added to a 0°C. solution 
of 50 mg (0.023 mmol) of compound 35 and 39 uL (0.276 
mmol) of EtN in 200ull of CHCl2. The reaction mixture 
was stirred for 7 hours at room temperature, cooled to 0°C., 
and acidified with 1 NHCl. The mixture was partitioned 
between 10 mL of 1 NHCl and 3x10 mL of CHC1. The 
combined organic layers were dried (MgSO), filtered, and 
concentrated to give 85 mg of yellow solid. Purification by 
silica gel chromatography (CH.Cl/MeOH) provided 33 mg 
(51%) of compound 36 as a sticky low melting solid: "H 
NMR (CDC1) 83.37-3.72 (m, 84H), 3.84 (m, 4H), 4.03 
4.29 (m, 20H), 4.35 (m, 4H), 5.14 (s, 16H), 7.35 (brds, 
40H), 7.44 (s, 4H); MS (MALDI) calculated for 
CH, NaNO (M+Na): 2856. Found: 2857. 

Compound 36a 

0331 In a process similar to that described above for 
compound 15, compound 36 is treated with 30% HBr/AcOH 
for 30 min. The resulting HBr salt is precipitated with ether. 
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The Solids are collected by centrifugation and washed with 
ether. The resulting HBr salt is dried in the desiccator 
overnight and dissolved in HO. The mixture was stirred at 
0° C. and sodium bicarbonate added. A solution of bro 
moacetic anhydride in dioxane is added, and the mixture 
stirred at 0°C. for 15-20 min. To the mixture is added HO, 
and the mixture is slowly acidified with 1 MHSO to a pH 
of 4. The aqueous layer is extracted with EtOAc which was 
discarded. The aqueous layer is then extracted with 8/2 
CHCl2/MeOH. The combined organic layers are dried 
(MgSO), filtered and concentrated to give compound 36a. 

EXAMPLE 10 

Synthesis of Tetramer of DEA/DEG Using Core 
Propagation Approach 

0332 A chemical scheme for the preparation of an tet 
ramer of DEA/DEG is shown in FIGS. 17A and 17B. 
Diethyleneglycol (from which the “core” is derived) was 
reacted with para-nitrophenylchloroformate to yield the di 
para-nitrophenylcarbonate compound (compound 37). Com 
pound 37 was then reacted with diethanolamine to form the 
tetrahydroxy compound, compound 38. Compound 38 was 
then reacted with para-nitrophenylchloroformate to yield the 
tetra para-nitrophenylcarbonate compound (compound 39). 
The para-nitrophenylcarbonate (PNP) group was then con 
verted to a carbamate group by reaction with mono-CBZ 
protected piperazine, yielding compound 40. The terminal 
CBZ-protected amino groups were then converted to the 
hydrobromide Salt of amino group (compound 41 ), and 
further reacted with bromoacetic anhydride to yield reactive 
bromoacetyl groups at each of the termini in compound 42. 

Compound 37 

Diethyleneglycol bis-4-nitrophenylcarbonate 

0333 Pyridine (30.5 mL, 377 mmol) was slowly added to 
a 0° C. solution of 5.0 g (47.11 mmol) of diethylene glycol 
and 23.74 g (118 mmol) of 4-nitrophenylchloroformate in 
500 mL of THF. The cooling bath was removed, and the 
mixture was stirred for 18 hours at room temperature. The 
mixture was cooled back to 0 C., acidified with 6 NHCl, 
and partitioned between 400 mL of 1 NHCl and 2x400 mL 
of CHC1. The combined organic layers were dried 
(MgSO), filtered, and concentrated to give 24.3 g of a white 
solid. Crystallization from hexanes/EtOAc gave 16.0 g 
(78%) of compound 37 as a white powder: mp 110° C.; H 
NMR (CDC1) 83.89 (t, 4H), 4.50 (t, 4H), 7.40 (d, 4H), 8.26 
(d, 4H). 

Compound 38 

0334) A solution of 2.5 g (5.73 mmol) of compound 37 in 
17 mL of pyridine was added to a 0° C. solution of 1.8 g. 
(17.2 mmol) of diethanolamine in 3 mL of pyridine. The 
cooling bath was removed, and the mixture was stirred for 
5 hours at room temperature to yield compound 38, which 
was not isolated but was used as is in the next step. 

Compound 39 

0335 The mixture from the previous step was cooled 
back to 0 C., 40 mL of CHCl was added followed by a 
solution of 11.55 g (57.3 mmol) of 4-nitrophenylchlorofor 
mate in 60 mL of CHCl2, and the mixture was stirred for 20 
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hours at room temperature. The mixture was cooled back to 
0° C., acidified with 1 NHCl, and partitioned between 300 
mL of 1 NHCl and 2x200 mL of CHC1. The combined 
organic layers were dried (MgSO), filtered, and concen 
trated to give 13.6 g of yellow solid. Purification by silica gel 
chromatography (CH.Cl/MeOH and EtOAc/hexanes) pro 
vided 4.91 g (83%) of compound 39 as a sticky amorphous 
solid: "H NMR (CDC1) 83.72 (m, 12H), 4.31 (t, 4H), 4.48 
(m, 8H), 7.40 (m, 8H), 8.29 (m, 8H). 

Compound 40 

0336 A solution of 128 mg (0.58 mmol) of mono-CBZ 
piperazine in 1.0 mL of CHCl was added to a 0° C. 
solution of 100 mg (0.10 mmol) of compound 39 and 82 uL 
(0.58 mmol) of EtN in 1.0 mL of CHC1. The reaction 
mixture was stirred for 18 hours at room temperature, cooled 
to 0° C., and acidified with 1 N HC1. The mixture was 
partitioned between 10 mL of 1 N HCl and 3x10 mL of 
CHCl2. The combined organic layers were washed with 
saturated NaHCO Solution, dried (MgSO), filtered, and 
concentrated to give 162 mg of yellow oil. Purification by 
Silica gel chromatography (EtOAc/hexanes followed by 
CH.Cl/MeOH) provided 125 mg (95%) of compound 40 as 
a glassy amorphous solid: "H NMR (CDC1) 83.36-3.59 (m, 
40H), 3.68 (t, 4H), 4.22 (m, 12H), 5.16, (s,8H), 7.36 (brds, 
20H); MS (ESI) calculated for C.H. NaNO (M+Na): 
1376. Found: 1376. 

Compound 41 

0337 Compound 40 (150 mg, 0.11 mmol) was dissolved 
in 3 mL of 30% HBr/HOAC. The mixture was stirred for 30 
minutes at room temperature, and the HBr Salt was precipi 
tated by addition of EtO. The precipitate, compound 41, 
was washed twice with EtO and dried under vacuum. 

Compound 42 
0338. The precipitate, compound 41, was dissolved in 20 
mL of HO. The mixture was brought to pH 12 by addition 
of 10 N NaOH and extracted with six 20 mL portions of 4/1 
CHCl2/MeOH. The combined organic layers were dried 
(MgSO), filtered, and concentrated to provide the free 
amine. The free amine was dissolved in 8 mL of CHCN, 1.5 
mL of MeOH was added to improve solubility, and the 
solution was stirred at 0°C. while a solution of 114 mg (0.66 
mmol) of chloroacetic anhydride in 2 mL of CHCN was 
added. The mixture was stirred at room temperature for 2.5 
hours and concentrated to give 107 mg of an oil. Purification 
by preparative HPLC (1" C18 column, gradient 25-45% B, 
A=0.1% TFA/HO and B=0.1% TFA/CHCN) provided 44 
mg of compound 42 as a viscous oil: "H NMR (CDCl3) 
83.41-3.80 (m, 44H), 4.12 (s, 8H), 4.24 (m, 12H); MS (ESI) 
calculated for CHCINo.O.(M+H): 1121. Found: 1121. 

EXAMPLE 11 

Synthesis of Octamer of DEA/DEG Using Core 
Propagation Approach 

0339. A chemical scheme for the preparation of an 
octamer of DEA/DEG is shown in FIGS. 17C and 17D. The 
tetra para-nitrophenylcarbonate compound, compound 39, 
was reacted with diethanolamine to form the octahydroxy 
compound, compound 43a. Compound 43a was then reacted 
with para-nitrophenylchloroformate to yield the octa para 
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nitrophenylcarbonate compound (compound 43). The para 
nitrophenylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-CBZ-protected 
piperazine, yielding compound 44. The terminal CBZ-pro 
tected amino groups were then converted to the hydrobro 
mide Salt of amino group (compound 44a), and further 
reacted with bromoacetic anhydride to yield reactive bro 
moacetyl groups at each of the termini in compound 45. 

Compound 43a 
0340) A solution of 100 mg (0.097 mmol) of compound 
39 in 450 till of pyridine was added to a 0° C. Solution of 61 
mg (0.583 mmol) of diethanolamine in 150 uL of pyridine. 
The cooling bath was removed, and the mixture was Stirred 
for 20 hours at room temperature, to yield the crude com 
pound 43a, which was used as is in the next Step. 

Compound 43 
0341 The mixture from the previous step was cooled 
back to 0° C., and a solution of 431 mg (2.138 mmol) of 
4-nitrophenylchloroformate in 4 mL of THF followed by 2 
mL of CHCl to improve solubility. The mixture was stirred 
for 18 hours at room temperature, cooled back to 0° C., 
acidified with 1 NHCl, and partitioned between 20 mL of 1 
N HCl and 2x20 mL of CH2Cl2. The combined organic 
layers were dried (MgSO), filtered, and concentrated to 
give 505 mg of yellow solid. Purification by silica gel 
chromatography (EtOAc/hexanes) provided 146 mg (68%) 
of compound 43 as a crystalline solid: mp 67-69° C.; H 
NMR (CDC1) 83.50-3.80 (m,28H),422 (m, 12H), 4.43 (m, 
16H), 7.40 (m, 16H), 8.30 (m, 16H). 

Compound 44 

0342 A solution of 476 mg (2.16 mmol) of mono-CBZ 
piperazine in 2.0 mL of CHCl was added to a 0° C. 
solution of 400 mg (0.18 mmol) of compound 43 and 300 uL 
(2.16 mmol) of EtN in 2.0 mL of CH2Cl2. The reaction 
mixture was stirred for 18 hours at room temperature, cooled 
to 0° C., and acidified with 1 N HC1. The mixture was 
partitioned between 40 mL of 1 N HCl and 3x40 mL of 
CHCl2. The combined organic layers were washed with 
3x40 mL of saturated NaHCO Solution, dried (MgSO), 
filtered, and concentrated to give 483 mg (97%) of com 
pound 44 as a Sticky white Solid which was pure enough for 
use in the next Step: 

0343 H NMR (CDC1,) 83.36-3.60 (m, 88H), 3.66 (t, 
4H), 4.21 (brd, 28H), 5.15, (s, 16H), 7.36 (brds, 40H). 

Compound 44a 
0344 Compound 44 (150 mg, 0.054 mmol) was dis 
Solved in 2 mL of 30% HBr/HOAC. The mixture was stirred 
for 30 minutes at room temperature, and the HBr salt was 
precipitated by addition of EtO. The precipitate was washed 
twice with Et2O, and dried under Vacuum. 

Compound 45 
0345 The precipitate, compound 44a, was dissolved in 
20 mL of H.O. The mixture was brought to pH 12 by 
addition of 10 N NaOH and extracted with six 20 mL 
portions of 4/1 CH-Cl/MeOH. The combined organic lay 
ers were dried (MgSO), filtered, and concentrated to pro 
vide the free amine. The free amine was dissolved in 4 mL 
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of CHCN, 0.5 mL of MeOH was added to improve solu 
bility, and the solution was stirred at 0°C. while a solution 
of 112 mg (0.65 mmol) of chloroacetic anhydride in 1 mL of 
CHCN was added. The mixture was stirred at room tem 
perature for 2 hours and concentrated to give 111 mg of an 
oil. Purification by preparative HPLC (1" C18 column, 
gradient 35-55% B, A=0.1% TFA/HO and B=0.1% TFA/ 
CHCN) provided 20 mg (15%) of compound 45 as a 
viscous oil: "H NMR (CDC1) 83.40-3.78 (m,92H), 4.15 (S, 
16H), 4.28, (m, 28H). 

EXAMPLE 12 

Synthesis of Tetramer and Octamer of ADP/DEG 
Using Core Propagation Approach 

0346 A chemical scheme for the preparation of an 
octamer of ADP/DEG is shown in FIGS. 18A and 18B. The 
di-para-nitrophenylcarbonate derivative of diethylenegly 
col, compound 37 (from which the “core” is derived) was 
reacted with 2-amino-1,3-propanediol to yield the tetrahy 
droxy compound, compound 46. Compound 46 was reacted 
with para-nitrophenylchloroformate to yield the tetra para 
nitrophenylcarbonate compound (compound 47). Com 
pound 47 was then reacted with 2-amino-1,3-propanediol to 
yield the octahydroxy compound, compound 47a. Com 
pound 47a was then reacted with para-nitrophenylchloro 
formate to yield the octa para-nitrophenylcarbonate com 
pound (compound 48). The para-nitrophenylcarbonate 
(PNP) group was then converted to a carbamate group by 
reaction with mono-CBZ-protected piperazine, yielding 
compound 48a. The terminal CBZ-protected amino groups 
were then converted to the hydrobromide Salt of amino 
group (compound 48b), and further reacted with chloroace 
tic anhydride to yield reactive chloroacetyl groups at each of 
the termini in compound 48c. 

Compound 46 
0347 A Solution of compound 37 in pyridine is added to 
a 0° C. Solution of 3 eq. of 2-amino-1,3-propanediol in 
pyridine. The cooling bath is removed, and the mixture is 
Stirred for 5 hours at room temperature. Compound 46 can 
be isolated if desired, however, it is generally more conve 
nient to isolate after forming the 4-nitrophenylcarbonate 
eSter. 

Compound 47 
0348. The mixture above is cooled back to 0° C., a 
solution of 10 eq. of 4-nitrophenylchloroformate in 60 mL of 
CHC is added, and the mixture is stirred for 20 hours at 
room temperature. The mixture is cooled back to 0° C., 
acidified with 1 NHCl, and is partitioned between 1 NHCl 
and CHCl2. The combined organic layers are dried 
(MgSO), filtered, and concentrated. Purification by silica 
gel chromatography provides compound 47. 

Compound 47a 
0349. A solution of compound 47 in pyridine is added to 
a 0° C. Solution of 6 eq. of 2-amino-1,3-propanediol in 
pyridine. The cooling bath is removed, and the mixture is 
Stirred for 20 hours at room temperature to yield compound 
47a, which is used in the next step. 

Compound 48 
0350. The mixture above is cooled back to 0°C., and a 
solution of 4-nitrophenylchloroformate is added. The mix 



US 2003/0018190 A1 

ture is Stirred for 18 hours at room temperature, cooled back 
to 0°C., acidified with 1 NHCl, and partitioned between 1 
N HCl and CHCl2. The combined organic layers are dried 
(MgSO), filtered, and concentrated. Purification by silica 
gel chromatography provides compound 48. 

Compound 48a 

0351. In a manner similar to that for compound 44 above, 
a Solution of mono-CBZ-piperazine in CH2Cl is added to a 
O C. solution of compound 43 and Et N in CHCl2. The 
reaction mixture was Stirred for 18 hours at room tempera 
ture, cooled to 0° C., and acidified with 1 N HC1. The 
mixture was partitioned between 1 NHCl and CHC1. The 
combined organic layers are washed with Saturated NaHCO 
Solution, dried (MgSO), filtered, and concentrated to give 
compound 48a, for use in the next step. 

Compound 48b 

0352. In a manner similar to that for compound 44a 
above, compound 48a is dissolved in 30% HBr/HOAc. The 
mixture is stirred for 30 minutes at room temperature, and 
the HBr salt precipitated by addition of EtO. The precipitate 
is washed with Et2O, and dried under vacuum. 

Compound 48c 

0353. In a manner similar to that for compound 45 above, 
the precipitate, compound 48b, is dissolved in HO. The 
mixture is brought to pH 12 by addition of 10 N NaOH and 
extracted with 4/1 CHCl/MeOH. The combined organic 
layers are dried (MgSO), filtered, and concentrated to 
provide the free amine. The free amine is dissolved in 
CHCN, MeOH is added to improve solubility, and the 
Solution is stirred at 0° C. while a solution of chloroacetic 
anhydride in CHCN is added. The mixture was stirred at 
room temperature for 2 hours and concentrated to give crude 
compound 48c, which is purified by preparative HPLC. 

EXAMPLE 13 

Synthesis of Octamer of DEA/PE Using Core 
Propagation Approach 

0354) A chemical scheme for the preparation of an 
octamer of DEA/PE is shown in FIG. 19. Pentaerythritol 
(from which the “core” is derived) was reacted with para 
nitrophenylchloroformate to yield the tetra para-nitrophe 
nylcarbonate compound (compound 49). Compound 49 was 
then reacted with diethanolamine to form the octahydroxy 
compound, compound 49a. Compound 49a was then reacted 
with para-nitrophenylchloroformate to yield the octa para 
nitrophenylcarbonate compound (compound 50). The para 
nitrophenylcarbonate (PNP) group was then converted to a 
carbamate group by reaction with mono-N-BOC-ethylene 
diamine, yielding compound 51. 

Compound 49 

Pentaerythritol tetrakis-4-nitrophenylcarbonate 

0355 Pyridine (950 uL, 11.74 mmol) was slowly added 
to a 0° C. solution of 100 mg (0.734 mmol) of pentaeryth 
ritol and 1.18 g (5.88 mmol) of 4-nitrophenylchloroformate 
in 10 mL of CHCl2. The cooling bath was removed, and the 
mixture was stirred for 24 hours at room temperature. The 
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mixture was cooled back to 0 C., acidified with 1 NHCl, 
and partitioned between 50 mL of 1 NHCl and 2x50 mL of 
CHCl2. The combined organic layers were dried (MgSO), 
filtered, and concentrated to give 1.123 g of a white Solid. 
Purification by Silica gel chromatography (EtOAC/hexanes 
followed by CH-Cl/MeOH) provided 128 mg (22%) of 
compound 49 as a white crystalline solid: mp 175° C.; : "H 
NMR (CDC1) 84.61 (s, 8H), 7.40, (m, 8H), 8.30 (m, 8H). 

Compound 49a 

0356) To solution of 120 mg (0.150 mmol) of compound 
49 in 1.6 mL of pyridine at 0°C. was added 87 uL (95 mg, 
0.90 mmol) of diethanolamine. The cooling bath was 
removed, and the mixture was stirred for 7 hours at room 
temperature, and cooled back to 0 C., to yield compound 
49a, which was used as is in the next Step. 

Compound 50 

0357. A solution of 756 mg (3.75 mmol) of 4-nitrophe 
nylchloroformate in 3 mL of CHCl was added the mixture 
above. The mixture was stirred for 18 hours at room 
temperature, cooled back to 0 C., acidified with 1 NHCl, 
and partitioned between 20 mL of 1 NHCl and 2x20 mL of 
CHCl2. The combined organic layers were dried (MgSO), 
filtered, and concentrated to give 819 mg of Sticky yellow 
Solid. Purification by Silica gel chromatography (EtOAC/ 
hexanes and CH.Cl/MeOH) provided 134 mg (47%) of 
compound 50 as a Sticky Viscous oil with Some impurities: 
"H NMR (CDC1) 83.69 (m, 16H), 4.31 (s, 8H), 4.41 (m, 
16H), 7.39 (m, 16H), 8.25 (m, 16H). 

Compound 51 

0358 Asolution of compound 50 is treated with 10 eq. of 
mono-N-BOC-ethylenediamine in pyridine and CHC1. 
The mixture is stirred at room temperature until complete as 
evidenced by TLC, and partitioned between 1 NHCl and 
CHC1. The combined organic layers is dried (MgSO), 
filtered, and concentrated to give crude product. Purification 
by Silica gel chromatography (EtOAC/hexanes and CHC/ 
MeOH) provides compound 51. 

EXAMPLE 1.4 

Solid Phase Synthesis of Tetramer of DEA/DEG 
Using Segmental Approach 

0359 A chemical scheme for the solid phase synthesis of 
a tetramer of octamer of DEA/DEG is shown in FIGS. 20A 
and 20B. Wang resin, having terminal hydroxy groups, was 
reacted with para-nitrophenylchloroformate to yield the 
para-nitrophenylcarbonate compound (compound 52). Com 
pound 52 was then reacted with diethanolamine to form the 
dihydroxy compound, compound 52a. Compound 52a was 
then reacted with para-nitrophenylchloroformate to yield the 
di para-nitrophenylcarbonate compound (compound 52b). 
The para-nitrophenylcarbonate (PNP) group was then con 
verted to a carbamate group by reaction with mono-CBZ 
protected piperazine, yielding compound 53. The CBZ 
protected compound was then cleaved from the resin, and 
reacted with diethyleneglycol bis chloroformate (from 
which the “core” is derived), to yield the tetra-CBZ-pro 
tected amino compound, compound 40. The terminal CBZ 
protected amino groups may be converted to the hydrobro 
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mide Salt of amino group, and further reacted with 
chloroacetic anhydride to yield reactive chloroacetyl groups 
at each of the termini. 

Compound 52 

0360 Wang resin (25 mg, subst. 0.58 mmol/g, 0.0145 
mmol) was washed with CHCl2. The resin was suspended 
in 580 uL of CHCl, and 15 mg (0.145 mmol) of 4-nitro 
phenylchloroformate was added followed by 97 it of pyri 
dine. After gentle agitation of the mixture for 4 hours, the 
resin was washed with CH2Cl and dried, to yield compound 
52. 

Compound 52a 

0361 The resin was then suspended in 410 ul of CHCl, 
and 71 mg (0.673 mmol) of diethanolamine (410 uL of a 
solution of 82.5 mg of diethanolamine dissolved in 493 ul. 
of pyridine). After gentle agitation of the mixture for 16 
hours, the resin was washed with CH2Cl and dried, to yield 
compound 52a. 

Compound 52b 

0362. To the resin was added 580 till of CHCl, and to 
the mixture was added 15.2 mg (0.145 mmol) of 4-nitro 
phenylchloroformate followed by 97 ul of pyridine. After 
gentle agitation of the mixture for 4 hours, the resin was 
washed with CH2Cl and dried, to yield compound 52b. 

Compound 53 

0363 To the resin was added 410 uL of CHCl, and to 
the mixture was added 130 ul of mono-CBZ-piperazine 
followed by 410 till of pyridine. After gentle agitation of the 
mixture for 18 hours, the resin was washed with CHCl and 
dried, to yield compound 53. 

Compound 54 

0364) To the resin was added 1 mL of 10% TFA in 
CHCl2, the mixture was agitated for 10 min, and the 
mixture was filtered. The TFA treatment was repeated twice, 
and the combined filtrates were combined and concentrated 
to give 3 mg (35%) of compound 54; H NMR (CDC1) 
83.13 (m, 4H), 3.48 (m, 8H), 3.80 (m, 4H), 4.50 (m, 1H), 
5.18 (s, 4H), 7.37 (brds, 10H); MS (ESI) calculated for 
C.H.I.N.O. (M+H): 598. Found: 598. 

Compound 40 

0365. To a solution of 2.1 eq. of compound 54 and 2.1 eq. 
of EtN in CHCl at 0°C. is added a solution of 1 eq. of 
diethyleneglycol bis-chloroformate in CHC1. The mixture 
is stirred for at room temperature and concentrated to give 
crude compound 40 which can be purified by Silica gel 
chromatography. 
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EXAMPLE 1.5 

Compound 39b 
0366 To a solution of 3.17 g (3.08 mmol) of compound 
39 in 35 mL of CHCl at 0°C. was added 2.6 mL of EtN 
followed by a solution of 3.26 g (18.49 mmol) of mono-N- 
Boc-ethylenediamine (also referred to as tert-butyl N-(2- 
aminoethyl)carbamate, Aldrich Chemical Co.) in 30 mL of 
CHCl2. The mixture was stirred at room temperature for 18 
hours, cooled to 0, and acidified with 1 NHCl The mixture 
was then partitioned between 150 mL of 1 NHCl and three 
100 mL portions of CHCl2. The organic layers were com 
bined and washed with three portions of saturated sodium 
bicarbonate Solution, dried (MgSO), filtered and concen 
trated to provide 3.17 g of yellow solid. Purification by silica 
gel chromatography (step gradient 98/2 to 95/5 to 90/10 
CHCl/MeOH) provided 2.76 g (80%) of compound 39b as 
a white solid. "H NMR (CDC1) 81.45 (s, 36H), 3.23 (s, 
16H), 3.50 (m, 8H), 3.72 (t, 4H), 4.19 (m, 8H), 4.26 (t, 4H), 
5.38 (brds, 4H), 5.80 (brds, 2H), 6.00 (brds, 2H);mass 
spectrum (ES) m/z calculated for CHNO (M+Na): 
1135. Found: 1135. 

Compound 39c 
0367 A solution of 1 g (9.42 mmol) of diethylene glycol 
in 20 mL of EtOAc was added to a solution of 3.82 g (23.5 
mmol) of carbonyldiimidazole in 80 mL EtOAc and the 
resulting mixture was stirred for 2 hours at room tempera 
ture. The mixture was concentrated to an oily Solid, and the 
product was purified by silica gel chromatography (97/2 
CH.Cl/MeOH) to give 2.04 g (73%) of the bis-imidazolide 
of diethylene glycol as a white solid: "H NMR (CDCl3) 
83.87 (t, 4H), 4.58 (t, 4H), 7.08 (s, 2H), 7.41 (s, 2H), 8.16 
(s, 2H). A solution of 50 mg (0.17 mmol) of the bis 
imidazolide of diethylene glycol in 1 mL of CHCl was 
added to a solution of 54 mg (0.51) mmol) of diethanola 
mine and 82 uL (80.6 mg, 1.02 mmol) of pyridine in 0.5 mL 
of CHCl2. The mixture was stirred at room temperature for 
four hours, and to the mixture was added a solution of 248 
mg (1.53 mmol) of carbonyldiimidazole in 5 mL of CHC1. 
The mixture was stirred at room temperature for 1.5 hours 
and concentrated to an oily Solid. Purification by Silica gel 
chromatography (98/2 CH-Cl/MeOH) provided 103 mg 
(82%) of the multivalent activated carbonate derivative 
compound 39c, including minor impurities. The resulting oil 
crystallized when placed in the freezer: "H NMR (CDCl3) 
83.71 (m, 12H), 4.32 (m, 4H), 4.59 (t,8H), 7.10 (s, 4H), 7.43 
(s, 4H), 8.18 (s, 4H); mass spectrum (ES) m/z (relative 
intensity) 380 (100), 443 (18), 512 (26), no parent ion 
observed. 

1. A compound having the Structure of one of the follow 
ing formulae: 

Formula I 

(RN). 
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-continued 
Formula II 

O O 

RC i-- o-o-o-o- y2 
kn 

|RN). y 
Formula III 

O O O 

wherein: 

n is a positive integer from 1 to 10; 
y'y', and y are independently 1 or 2; 
J independently denotes either an oxygen atom or a 

covalent bond; 

R is selected from the group consisting of: 
hydrocarbyl groups having from 1 to 20 carbon atoms, 
organic groups consisting only of carbon, oxygen, and 

hydrogen atoms, and having from 1 to 20 carbon 
atoms, 

organic groups consisting only of carbon, OXygen, 
nitrogen, and hydrogen atoms, and having from 1 to 
20 carbon atoms; 

organic groups consisting only of carbon, OXygen, 
Sulfur, and hydrogen atoms, and having from 1 to 20 
carbon atoms, 

each G, G, and G is independently selected from the 
group consisting of 

hydrocarbyl groups having from 1 to 20 carbon atoms, 
organic groups consisting only of carbon, oxygen, and 

hydrogen atoms, and having from 1 to 20 carbon 
atoms, 

organic groups consisting only of carbon, OXygen, 
nitrogen, and hydrogen atoms, and having from 1 to 
20 carbon atoms; 

each RN is independently selected from the group con 
Sisting of: 
hydrogen; 

linear or branched alkyl groups having from 1 to 15 
carbon atoms, 

alkyl groups comprising an alicyclic Structure and 
having from 1 to 15 carbon atoms, 

aromatic groups having from 6 to 20 carbon atoms, 

heteroaromatic groups having from 3 to 20 carbon 
atoms, 

each Z is independently Selected from the group consist 
ing of 

wherein: 

each R^' is organic groups comprising from 1 to about 
20 carbon atoms; 

each R'' is organic groups comprising from 1 to about 
20 carbon atoms; 

each group-NR'R' is independently selected from the 
group consisting of: 

wherein each monovalent R^ and R and each divalent 
R is independently an organic group comprising from 
1 to 20 carbon atoms, and further comprising a reactive 
conjugating functional group. 

2. A compound according to claim 1, wherein Said com 
pound has the structure of Formula I. 

3. A compound according to claim 1, wherein Said com 
pound has the structure of Formula II. 

4. A compound according to claim 1, wherein Said com 
pound has the structure of Formula III. 

5. A compound according to claim 1, wherein n is a 
positive integer from 2 to 4. 

6. A compound according to claim 1, whereiny', y, and 
y are each 2. 

7. A compound according to claim 1, wherein J is an 
OXygen atom. 
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8. A compound according to claim 1, wherein J is a 
covalent bond. 

9. A compound according to claim 1, wherein R is 
Selected from the group consisting of hydrocarbyl groups 
having from 1 to 20 carbon atoms. 

10. A compound according to claim 1, wherein R is 
Selected from the group consisting of: 

-CH-; 

-CHCH-; 

-CHCHCH-; 

opo 
CH2 

al-ol- () CH2 

olo d 

11. A compound according to claim 1, wherein R is 
Selected from the group consisting of organic groups con 
Sisting only of carbon, oxygen, and hydrogen atoms, and 
having from 1 to 20 carbon atoms. 

; an 

12. A compound according to claim 1, wherein R is: 

CH-CH-O-I-CH-CH, 

wherein p is a positive integer from 2 to 20. 
13. A compound according to claim 1, wherein each G', 

G, and G is independently selected from the group con 
Sisting of hydrocarbyl groups having from 1 to 20 carbon 
atOmS. 

14. A compound according to claim 1, wherein each G', 
G, and G is -(CH), wherein q is a positive integer 
from 1 to 20. 

15. A compound according to any one of claims 1, 
wherein each G', G', and G is independently selected from 
the group consisting of organic groups consisting only of 
carbon, oxygen, and hydrogen atoms, and having from 1 to 
20 carbon atoms. 

16. A compound according to claim 1, wherein each G', 
G, and G is: 

CH- CH- O -II- CH- CH2 

wherein p is a positive integer from 2 to 20. 
17. A compound according to claim 1, wherein each RS 

is independently Selected from the group consisting of -H, 
-CH, and -CHCH 
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18. A compound according to claim 1, wherein each Z is 
-NR'R'' and is independently selected from the group 
consisting of: 

N N-H 

\ / 
O 

N N-C-O-CH 

/ V 
N NHoHBir N N-C-CH2-X 

NH-CH-NH. 

O CH 
| 

NH-CHCH-NH-C-O-C-CH, and 

CH 

NH- (-CH2CH2O). CHCH-NH2. 

19. A compound having the structure of one of the 
following formulae: 

Formula IV 
O 

RC-I-C-N-Gl--O-Z, 
RN 

Formula V 

O O 

RN RN y1 

Formula VI 

O O O 
I I I 

RCJ-6-N-Gi-O-C-N-G2+O-C-N-G-I-O-Z,3 
kn kn kn 2 ydy 

wherein: 

n is a positive integer from 1 to 10; 
y', yi, and y are independently a positive integer from 1 

to 10; 
J independently denotes either an oxygen atom or a 

covalent bond; 
R is selected from the group consisting of: 

hydrocarbyl groups having from 1 to 20 carbon atoms, 
organic groups consisting only of carbon, OXygen, and 

hydrogen atoms, and having from 1 to 20 carbon 
atoms, 
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organic groups consisting only of carbon, OXygen, 
nitrogen, and hydrogen atoms, and having from 1 to 
20 carbon atoms, 

organic groups consisting only of carbon, OXygen, 
Sulfur, and hydrogen atoms, and having from 1 to 20 
carbon atoms, 

each G', G, and G is independently selected from the 
group consisting of 
hydrocarbyl groups having from 1 to 20 carbon atoms, 
organic groups consisting only of carbon, oxygen, and 

hydrogen atoms, and having from 1 to 20 carbon 
atoms, 

organic groups consisting only of carbon, OXygen, 
nitrogen, and hydrogen atoms, and having from 1 to 
20 carbon atoms; 

each RS is independently selected from the group con 
Sisting of: 
hydrogen; 
linear or branched alkyl groups having from 1 to 15 

carbon atoms, 
alkyl groups comprising an alicyclic Structure and 

having from 1 to 15 carbon atoms, 
aromatic groups having from 6 to 20 carbon atoms, 
heteroaromatic groups having from 3 to 20 carbon 

atoms, 

each Z is independently Selected from the group consist 
ing of 
-H 

-C(=O)oRCARP 
-C(=O)RESTER 

wherein: 

each R^' is organic groups comprising from 1 to about 
20 carbon atoms; 

each R'' is organic groups comprising from 1 to about 
20 carbon atoms; 

each group -NR'R' is independently selected from the 
group consisting of 

wherein each monovalent R^ and R and each divalent 
R is independently an organic group comprising from 
1 to 20 carbon atoms, and further comprising a reactive 
conjugating functional group. 

20. A compound according to claim 19, wherein Said 
compound has the structure of Formula IV. 

21. A compound according to claim 19, wherein Said 
compound has the structure of Formula V. 

22. A compound according to claim 19, wherein Said 
compound has the structure of Formula VI. 
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23. A compound according to claim 19, wherein n is a 
positive integer from 2 to 4. 

24. A compound according to claim 19, wherein y', Y, 
and y are each 2. 

25. A compound according to claim 19, wherein J is an 
OXygen atom. 

26. A compound according to claim 19, wherein J is a 
covalent bond. 

27. A compound according to claim 19, wherein R is 
Selected from the group consisting of hydrocarbyl groups 
having from 1 to 20 carbon atoms. 

28. A compound according to any claim 19, wherein R 
is Selected from the group consisting of: 

-CH-; 

-CHCH 

-CHCHCH-; 

opo 
CH2 

CH-C-CH and 

CH2 

29. A compound according to claim 19, wherein R is 
Selected from the group consisting of organic groups con 
Sisting only of carbon, oxygen, and hydrogen atoms, and 
having from 1 to 20 carbon atoms. 

30. A compound according to claim 19, wherein R is: 

CH-CH-O-et-CH-CH, 

wherein p is a positive integer from 2 to 20. 
31. A compound according to claim 19, wherein each G', 

G, and G is independently selected from the group con 
Sisting of hydrocarbyl groups having from 1 to 20 carbon 
atOmS. 

32. A compound according to claim 19, wherein each G', 
G', and G is selected from the group consisting of: 

st 
HRH -- lu 

33. A compound according to claim 19, wherein each G', 
G', and G is independently selected from the group con 
Sisting of organic groups consisting only of carbon, Oxygen, 
and hydrogen atoms, and having from 1 to 20 carbon atoms. 

CH2 

CH2 

and 
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34. A compound according to claim 19, wherein each RS 
is independently Selected from the group consisting of -H, 
-CH, and -CHCH 

35. A compound according to claim 19, wherein each Z is 
-NR'R'' and is independently selected from the group 
consisting of: 

N N-H 

\ / 
O 

N N-C-O-CH 

O 

/ M / \ || 
N NHoHBr N -C-CH2-X 

\ / \ / 

NH- (-CH-) -NH2 

O CH 

NH-CHCH-NH-C-O-C-CH, and 

CH 

NH- (-CH2CH2O). CHCH-NH2. 

36. A conjugate comprising a compound according to 
claim 1 covalently linked to one or more biologically active 
molecules. 

37. A conjugate according to claim 36, wherein Said 
biologically active molecules are Selected from the group 
consisting of oligonucleotides, peptides, polypeptides, pro 
teins, antibodies, Saccharides, polysaccharides, epitopes, 
mimotopes, and drugs. 
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38. A composition comprising Valency platform mol 
ecules, wherein each Said Valency platform molecule com 
prises at least 2 carbamate linkages and at least 4 reactive 
conjugating functional groups, and 

wherein Said Valency platform molecules have a polydis 
persity less than about 1.2. 

39. The composition of claim 38, wherein said valency 
platform molecules have a polydispersity less than about 
107. 

40. The composition of claim 38, wherein each said 
Valency platform molecules comprises at least 4 carbamate 
linkages and at least 8 reactive functional groups. 

41. The composition of claim 38, wherein each said 
Valency platform molecule comprises at least 4 identical 
reactive conjugating functional groups. 

42. The composition of claim 38, wherein each said 
Valency platform molecule comprises 2 to 32 carbamate 
linkages and 4 to 64 reactive functional groups. 

43. The composition of claim 38, wherein comprising Said 
Valency platform molecules linked via Said reactive func 
tional groups to one or more biologically active molecules. 

44. A composition comprising Valency molecules, 
wherein each said Valency molecule comprises at least two 
branches and at least four terminal groups; 

wherein each said Valency molecule comprises at least 2 
carbamate linkages, and 

wherein Said Valency molecules have a polydispersity leSS 
than about 1.2. 

45. The composition of claim 44, wherein said valency 
molecules have a polydispersity less than about 1.07. 

46. The composition of claim 44, wherein said valency 
molecules comprise at least 4 carbamate linkages, at least 4 
branches and at least 8 terminal groups. 


