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POLYMERIC THIOL-LINKED PRODRUGS EMPLOYING
BENZYL ELIMINATION SYSTEMS

TECHNICAL FIELD
The present invention relates to new types of long-acting, thiol-linked
polymer conjugates of biologically-effective materials. In particular, the invention
relates to polymer-based prodrug conjugates having enhanced water solubility,

controlled pharmacokinetics and improved bioavailability, relative to the unmodified

bioactive materials and methods of preparing the same.

BACKGROUND OF THE INVENTION
Over the years, several methods of administering biologically-effective
materials to mammals have been proposed. Many medicinal agents are available as
water-soluble salts and can be included in pharmaceutical formulations relatively
easily. Problems arise when the desired medicinal agent 1s either insoluble in

aqueous fluids or is rapidly degraded in vivo. Simply by way of example, many of

these biologically-effective materials have mercapto-functional groups. These
include e.g., antiproliferative and/or immunosuppressive agents such as the
mercaptopurines, as well as peptides and proteins with demonstrated or potential
utility as medicinal agents. These types of materials often present complex
problems of pharmacokinetics and bioavailability based on their poor solubility 1n
blood or tissue fluids, tissue distribution, clearance rate and antigenicity, after
administration to an animal in need of such treatment.

For instance, the class of compounds known as nucleoside and nucleotide
analogs are potentially useful therapeutically in the treatment of cancers and 1n
immuno-supression, because they interfere with DNA synthesis. This property is

useful in treating a broad class of diseases or disorders characterized by excessive
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or inappropnate cell division. However, the artisan will appreciate that these
compounds have a very narrow therapeutic index, requiring careful control of dose,
kinetics and tissue concentrations. Thus, there is a need to provide improved
nucleoside and nucleotide analogs where more targeted delivery to selected tissues,
and/or improved release kinetics is desirable.

For example, 6-mercaptopurine or 6-MP, while otherwise a promising
anticancer ageht and immunosuppressive, has substantial drawbacks. Absorption of
6-MP is incomplete after oral ingestion and bioavailability is reduced by first-pass
metabolism through the liver. ]t is reported that oral btoavailability of 6-MP 1s only
5% to 37%, with great varability between patients.

One way to solubilize biologically-effective materials and improve solubility,
bioavailability, etc., 1s to include them as part of a soluble prodrug. Prodrugs
include chemical derivatives of a medicinal agent, e.g., a biologically-effective
parent compound which, upon administration, eventually liberates the parent
compound in vivo. Prodrugs allow the artisan to modify the onset and/or duration
of action of an agent, in vivo and can modify the transportation, distribution or
solubility of a drug in the body. Furthermore, prodrug formulations often reduce
the toxicity and/or otherwise overcome difficulties encountered when administering
pharmaceutical preparations. Typical examples of prodrugs include organic
phosphates or esters of alcohols or thicalcohols.

Prodrugs are often biologically inert or substantially inactive forms of the
parent or active compound. The rate of release of the active drug, typically by
hydrolysis, 1s influenced by several factors, but especially by the type of bond
joining the parent drug to the modifier. Care must be taken to avoid preparing
prodrugs which are eliminated through the kidney or reticular endothelial system,
etc., before a sufficient amount of hydrolysis of the parent compound occurs.

Previous efforts to improve the utility of certain therapeutically useful

™
mercaptan compounds have been reported. For example, azathioprine (IMURAN)

1S a prodrug of 6-mercaptopurine containing an imidazole group attached to the
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sulfur at the 6-position of the purine ring. This substitution serves to decrease the
rate of inactivation by enzymatic S-methylation, nonenzymatic oxidation, and/or
conversion to thiourate by xanthine oxidase. Azathioprine reacts with sulfthydryl
compounds such as glutathione (reported to be by nonenzymatic pathways) which
produces a more controlled liberation of mercaptopurine in tissues. Azathioprine 1s
also reported to provide enhanced immunosuppressive activity relative to
unmodified 6-MP. In spite of this advance, further improvements have been sought
in order to deliver various mercaptan-based therapeutic agents in ways which would
be therapeutically superior to that which i1s currently available. For example, it
would be desirable to reduce the number of dosages a patient would require and /
or more predictable control the rate of release of the drug from a carner.
Incorporating a polymer as part of a prodrug system has been suggested to

increase the circulating life of some drugs having an available hydroxyl or amine
group. See, for example U.S. Patent No. 6,180,095. The ‘095 patent
discloses polymer-based double prodrug systems using a benzyl elimination

(BE) system for controllably delivering biologically active materials in vivo.

While a number of polymeric prodrug systems are known to the art,
including those prepared by linking a polyethylene glycol (PEG) to a drug or other
agent of interest, conjugates that directly exploit the thiol function groups of many -
potentially useful biologically effective substances are not believed to be mentioned.
Protected sulfur-linked polyethylene glycols are also known, although these
ultimately form polymer-drug conjugates via covalent disulfide bonds (-S-S- bonds)
not via covalent thiol bonds (-SH- bonds). See Woghiren et al., 1993,

Bioconjugate Chem. 4: 314-318, who linked a 5 kDa PEG to papain enzyme by

disulfide linkers.

Thus, there remains a need for improved polymeric prodrug systems for

thiol- or mercaptan containing compounds, There 1s also a need for including
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benzyl elimination systems as part of such prodrug systems. The present invention

addresses these needs.

SUMMARY OF THE INVENTION

5 In one aspect of the invention, compounds of Formulae (Ia) and (Ib) are
provided.
(Ia) R,E,
E
R> Y4 E1 ?
(o) | | |
ST an i
Ry J N Ry |(Rs)Jw E4
10 wherein:

R, 1s a polymeric reéidue;
Y, 18 O, S or NR,,;
Mis O, S or NR,;;

(m) 1s zero or a positive integer, preferably 1 or 2;

15 (a) 1s zero or one;
(W) is zero or one;
R Y
Fyi A\
c—}-C—D,
)
Re
Ro\ Y
E, , are independently H. E, or | ”
20 2-4 P y i, & C—-c—on,
| p ’
Rg
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(n) and (p) are independently O or a positive integer;

Y, , are independently O, S or NR,;

R,,, and R, are independently selected from the group consisting of
hydrogen, C, ¢ alkyls, C,_,, branched alkyls, C;; cycloalkyls, C, ¢ substituted alkyls,
C,; substituted cycloalkyls, aryls, substituted aryls, aralkyls, C, ¢ heteroalkyls,
substituted C, ( heteroalkyls, C,. alkoxy, phenoxy and C, ¢ heteroalkoxy;

D, and D, are independently OH,

ﬁ4 T1 3
av) —NTL L++L C—Ys Ar C—B;
\'% t I
Rq2 Ri14
i(l4 T13
—N L L C—Ys Ar C—B,
(V) jL "H_ t |
R12 R14

or additional branching groups described below,
wherein (v) and (t) are independently O or 1;

L, and L, are independently selected heterobifunctional linkers;

Y, s are independently selected from the group consisting of O, S and NR;

R,,.;4 and R, are independently selected from the group consisting of
hydrogen, C, ¢ alkyls, C,_,, branched alkyls, C; ; cycloalkyls, C, ¢ substituted alkyls,
C,; substituted cycloalkyls, aryls, substituted aryls, aralkyls, C, ¢ heteroalkyls,
substituted C, ¢ heteroalkyls, C, . alkoxy, phenoxy and C, ¢ heteroakoxy;

Ar is a moiety which when included in Formula (I) forms a multi-

substituted aromatic hydrocarbon or a multi-substituted heterocyclic group; and
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B, and B, are independently selected from the group consisting of leaving
groups, OH and residues of sulthydryl-containing moieties.
In one particularly preferred aspect of the invention, the polymeric residue is

also substituted on the distal portion with a moiety of formula (II) below:

5 (1I) E,
E4

E3—-—-C———C—N —c

||

E4 Rs R4 R3

10 where all variables are as previously defined. Bifunctional compounds are thus
formed when the polymeric residue (R,) includes both an alpha and an omega
terminal linking group so that two, four or more equivalents of a biologically active
agent, drug or protein, designated herein as B, or B, can be delivered. An example

of such a bifunctional polymer transport form 1s illustrated below as formula (III):

15 (111)

Ez E2

E1 R2 R, |E1
E3—-C—C—N——C M)-%c—}— R,+CI:%—( )—-c:-----N--—clz---——cl:—---E3
||54 Rs R4 Ry J™ 'La Rey Rs B4

wherein all variables are as described above.

For purposes of the present invention, the term “residue” shall be
understood to mean that portion of a biologically active compound which remains
after the biologically active compound has undergone a substitution reaction in

20 which the prodrug carrier portion has been attached.

For purposes of the present invention, the term “alkyl” shall be understood
to include straight, branched, substituted, e.g. halo-, alkoxy-, and nitro- C,_,, alkyls,
C,.; cycloalkyls or substituted cycloalkyls, etc.
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For purposes of the present invention, the term “substituted” shall be
understood to include adding or replacing one or more atoms contained within a
functional group or compound with one or more different atoms.

For purposes of the present invention, substituted alkyls include
carboxyalkyls, aminoalkyls, dialkylaminos, hydroxyalkyls and mercaptoalkyls;
substituted cycloalkyls include moieties such as 4-chlorocyclohexyl; aryls include
moieties such as napthyl; substituted aryls include moieties such as 3-bromophenyl;
aralkyls include moieties such as toluyl; heteroalkyls include moieties such as
ethylthiophene; substituted heteroalkyls include moieties such as 3-methoxy-
thiophene; alkoxy includes moieties such as methoxy; and phenoxy includes
moieties such as 3-nitrophenoxy. Halo shall be understood to include fluoro,
chloro, 10do and bromo.

The term "sufficient amounts" for purposes of the present invention shall
mean an amount which achieves a therapeutic effect as such effect 1s understood by
those of ordinary skill in the art.

One of the chief advantages of the compounds of the present invention is
that the prodrugs have a higher payload per unit of polymer than previous
techniques. The high payload polymeric conjugates of the present invention are
thus unique payload systems which can contain up to four or a greater number of
molecules of a drug. It 1s generally preferred that the polymeric first releases the
benzyl elimination (BE) based prodrug intermediate by hydrolysis and then the
resultant intermediate or "second prodrug" moiety undergoes a 1,4- or 1,6-aryl
(e.g., benzyl) elimination reaction to regenerate, for example, a moiety which is
either a biologically active compound or a composition comprising a further
prodrug.

Methods of making and using the compounds and conjugates described

herein are also provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates the releasing mechanism prodrugs prepared

in accordance with the present invention.

Figure 2 illustrates the definitions for structural abbreviations used in

5 Figures 3-6c.

Figures 3-6¢ illustrate the synthesis of various inventive compounds

described 1n the Examples.

DETAILED DESCRIPTION OF THE INVENTION
A. FORMULAE (Ia) and (Ib)

10 In some preferred embodiments of the invention, there are provided

compounds of the formula:

(Ia) R;-E,
and y - E>
® CL o]
15 R, C (M)a—C—T T C|I—E3
IL3 m Rs | Rs w FE4
wherein:

R, 1s a polymeric residue;
Y, 15 O, S or NR,,;
Mis O, Sor NR,;;

RV
| c—-C—oD,
20 E, is I
n

Re
c—Cc—0D,
)b
Rg
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E,, 1s are independently H, E, or

(a) 1s zero or one;

(m) 1s zero or a positive integer;

(W) 1s zero or one;

(n) and (p) are independently O or a positive integer;

Y, ; are independently O, S or NR,,;

R, ,, are independently selected from the group consisting of hydrogen,
C, alkyls, C,_,, branched alkyls, C,; cycloalkyls, C, substituted alkyls,
C,_; substituted cycloalkyls, aryls, substituted aryls, aralkyls, C, . heteroalkyls,
substituted C, . heteroalkyls, C, ( alkoxy, phenoxy and C,  heteroalkoxy;

D, and D, are independently OH,

n4 T1 3
(IV) —N L L C—Y5 Ar C——By
\' t |
R12 Ri4
Y4 | R‘I 3
V) | |
—N L L C—Ys AT C—B;
\'% t |
R12 Rq4
Ese
E3s
V1 I
o R
R4 Rs Eazg
wherein:

R’, and R’ are the selected from the same group which defines R, and E, ;,

are selected from the same group which defines E, , above, except that within the
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definition, D, and D, are changed to D’, and D’, which are defined below. Within
this embodiment, D’, and D’, can be independently OH, a moiety of formula (IV),

(V), or

Ese
Ess I

(VID) — N—C—C

R"4 Rﬂs E48

E47

wherein R”, and R”; are independently selected from the same group which defines
R, and E,,,; are selected from the same group which defines E,_,, except that within
the definition D, and D, are changed to D”, and D”, and D”, and D”, can be
independently OH, formula (IV) or formula (V). As can be appreciated from the
above, when the terminal branching is taken to its fullest extent with a bifunctional
polymer R,, up to sixteen (16) equivalents of drug can be loaded onto the polymeric
platform.

The remaining variables of formulas (IV) and (V) are defined as:

(v) and (t) are independently O or 1;

L, and L, are independently selected heterobifunctional linkers;

Y, are independently selected from the group consisting of O, S and NR;

R,,.14 and R, are independently selected from the group consisting of
hydrogen, C,  alkyls, C,_,, branched alkyls, C,; cycloalkyls, C,  substituted alkyls,
C,; substituted cycloalkyls, aryls, substituted aryls, aralkyls, C, . heteroalkyls,
substituted C,_ heteroalkyls, C,_ alkoxy, phenoxy and C, ¢ heteroalkoxy;

Ar is a moiety which when included in Formula (I) forms a multi-
substituted aromatic hydrocarbon or a multi-substituted heterocyclic group; and

B, and B, are preferably independently selected from among OH and
residues of sulfhydryl-containing moieties. In alternative embodiments, B,_, can be

independently selected leaving groups.

10
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In those aspects of this embodiment where bis-substituted polymeric
residues are desired, some preferred polymeric transport systems of the invention

are shown below as formulae
(Illa) E,-R,-E,

5 (ITIb)
E, E>

| " Lo T
ES——C-—(L-——N—ﬂ—(M)a L+ RI+L%—(M)—C—T—T——T—E3
'|54 |L5 |L4 FLa M |L3 m Re Rs &4

wherein all variables are as previously described.

The multi-loading polymer transport system of the present invention 1s based
in large part on the polymeric residue designated herein as R,. Optionally, R
10 includes a capping group A. The polymer capping group A includes, for example,
moieties such as hydrogen, NH,, OH, CO,H, C,  alkyl moieties, and compounds of

formula (ITa) and (IIb) shown below, which forms bis-systems:

(Ila) E,;- or
E2
T1 Rz
E3—<I:—c|: ——-—N-———C M) c (1Ib)
Es Rs R4 Rs m
15 wherein all variables are as previously described. It will be understood and appreciated

that the multiple terminal branching described above applies equally in the bis-systems

11
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as well and that the biologically active moieties on the terminals can be the same SH-

containing moiety or different.

With regard to the other variables which comprise the formulae of the present
invention, the following are preferred:

Y, are each oxygen;

the R variables other than R,, e.g., R,- R,,, etc. are each preferably hydrogen
or lower, e.g. C, ¢ alkyl;

(m)is 1 or 2;

(v) is zero or 1;

(t)i1s 1;

L, 1s -(CH,CH,0),-; and

L, is one of -CH,-, - CH(CH,)-, CH[CH,CH(CH,),]-,
-CH, C(O)NHCH(CH,)-, -(CH,),-, -CH, C(O)NHCH,-,
CHC(O)NHCH[CH,CH(CH,),], -(CH,),-NH- or -(CH,),-NH-C(O)(CH,),NH-.

B. DESCRIPTION OF THE Ar MOIETY

Referring to Formula (I), 1t can be seen that the Ar 1s a moiety, which when
included in Formula (I), forms a multi-substituted aromatic hydrocarbon or a multi-
substituted heterocyclic group. A key feature i1s that the Ar moiety is aromatic in
nature. Generally, to be aromatic, the n electrons must be shared within a "cloud"
both above and below the plane of a cyclic molecule. Furthermore, the number of
electrons must satisfy the Hiickle rule (4n+2). Those of ordinary skill will realize
that a myriad of moieties will satisfy the aromatic requirement of the moiety and

thus are suitable for use herein. Some particularly preferred aromatic groups

include:

12
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where R, ,, are individually selected from the same group which defines R, and (b)
and (d) are independently zero or one.

Other preferred aromatic hydrocarbon moieties include, without limitation:

13




10

CA 02465090 2004-04-28
WO 03/041642 PCT/US02/35871

RePeHepe)

Z

Q)

10,00, )0 =

In the above-listed aromatic moieties, J is O, S, or N-R,,, E and Z are independently
C-R,; or N-R,,; and R,, ,, are independently selected from the same group as that
which defines R, in Formula (I) e.g., hydrogen, C, ¢ alkyls, etc. Isomers of the five
and six-membered rings are also contemplated as well as benzo- and dibenzo-
systems and their related congeners. It will also be appreciated by the artisan of
ordinary skill that the aromatic rings can optionally be substituted with heteroatoms
such as O, S, NR,,, etc. so long as Hiuickel's rule is obeyed. Furthermore, aromatic or
heterocyclic structures may optionally be substituted with halogen(s) and/or side

chains as those terms are commonly understood 1n the art. However, all structures

14




10

15

20

25

CA 02465090 2004-04-28
WO 03/041642 PCT/US02/35871

suitable for Ar moieties of the present invention are capable of allowing the Y and

C(R;;)(R,,) moieties to be in a para or an ortho arrangement with the same plane.

C. DRUG GENERATION VIA HYDROLYSIS OF THE PRODRUG

The prodrug compounds of the present invention are designed so that the
t,, of hydrolysis is <t,, elimination in plasma.

The linkages included in the compounds have hydrolysis rates in the plasma
of the mammal being treated which is short enough to allow sufficient amounts of
the parent compounds, i.e. the amino- or hydroxyl-containing bioactive compound,
to be released prior to elimination. Some preferred compounds of the present
invention have a t,,, for hydrolysis in plasma ranging from about 5 minutes to about
12 hours. Preferably, the compositions have a plasma t,, hydrolysis ranging from

about 0.5 to about 8 hours and most preferably from about 1 to about 6 hours.

D. SUBSTANTIALLY NON-ANTIGENIC POLYMERS

As stated above, R, 1s a polymeric residue which is preferably substantially
non-antigenic. In preferred aspects of the invention, R, further includes the
previously mentioned capping group A which allows the bis system to be formed.
Suitable examples of such polymers include polyalkylene oxides such as
polyethylene glycols. The general formula for PEG and its derivatives is,

A,’-O-(CH,CH,0),-(CH,) ;-A,

where (x) represents the degree of polymerization (1.e. from about 10 to about
2.300) or number of repeating units in the polymer chain and 1s dependent on the
molecular weight of the polymer, (n3) is zero or a positive integer, (A,) 1s a capping
group as defined herein, 1.e. amino, carboxy, halo, C, ¢ alkyl or other activating
group and (A’,) is the same as (A,) or another (A,) moiety. Also useful are
polypropylene glycols, branched PEG derivatives such as those described in
commonly-assigned U.S. Patent No. 5,643,575, “star-PEG’s” and multi-armed

PEG’s such as those described in Shearwater Polymers, Inc. catalog “Polyethylene

15
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Glycol Derivatives 1997-1998". It will be understood that the water-soluble
polymer can be functionalized for attachment to the linkage via M, herein. As an
example, the PEG portion of the inventive compositions can be one of the
following non-limiting compounds.

-C(=Y")-(CH,);-O-(CH,CH,0),-A,, -C(=Y’)-Y”-(CH,) ;-O-(CH,CH,0).-A,, and

C(=Y’)-NR’(-(CH,),;-O-(CH,CH,0).-A,,

where Y’ and Y” are independently O or S and A,, (#3) and (x) are as
defined above and R’ 1s selected from the same group which defines R,. See also
U.S. Patent No. 6,395,266 and U.S. Patent No. 6,153,655.

In many aspects of the present invention, bis-activated polyethylene
glycols are preferred when di- or more substituted polymer conjugates are desired.
Alternatively, polyethylene glycols (PEGs), mono-activated, C, , alkyl-terminated
PAQO’s such as mono-methyl-terminated polyethylene glycols (mPEG’s) are
preferred when mono-substituted polymers are desired.

In order to provide the desired hydrolyzable linkage, mono- or di-acid
activated polymers such as PEG acids or PEG diacids can be used as well as
mono-or di-PEG amines and mono- or di-PEG diols. Suitable PAO acids can be
synthesized by first converting mPEG-OH to an ethyl ester followed by
saponification. See also Gehrhardt, H., et al. Polymer Bulletin 18:487(1987) and
Veronese, F.M,, et al., J. Controlled Release 10; 145 (1989). Alternatively, the
PAO-acid can be synthesized by converting mPEG-OH into a #-butyl ester
followed by acid cleavage. See, for example, commonly assigned U.S. Patent No.
5,605,976.

Although PAO’s and PEG’s can vary substantially in number average

molecular weight, polymers ranging from about 2,000 to about 100,000 are usually
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selected for the purposes of the present invention. Molecular weights of from about
5,000 to about 50,000 are preferred and 20,000 to about 40,000 are particularly

preferred. The number average molecular weight of the polymer selected for

inclusion in the prodrug must be sufficient so as to provide sufficient circulation of
the prodrug before hydrolysis of the linker. Within the ranges provided above,
polymers having molecular weight ranges of at least 20,000 are preferred for
chemotherapeutic and organic moieties.

The polymeric substances included herein are preferably water-soluble at
room temperature. A non-limiting list of such polymers include polyalkylene oxide
homopolymers such as polyethylene glycol (PEG) or polypropylene glycols,
polyoxyethylenated polyols, copolymers thereof and block copolymers thereof,
provided that the water solubility of the block copolymers 1s maintained.

As an alternative to PAO-based polymers, effectively non-antigenic
materials such as dextran, polyvinyl alcohols, carbohydrate-based polymers,
hydroxypropylmethacrylamide (HPMA), and copolymers thereof etc. and the like
can be used if the same type of activation is employed as described herein for PAO's
such as PEG. Those of ordinary skill in the art will realize that the foregoing list 1s
merely illustrative and that all polymeric materials having the qualities described
herein are contemplated. For purposes of the present invention, "effectively non-
antigenic" and “substantially non-antigenic” shall be understood to include all
polymeric materials understood in the art as being substantially non-toxic and not
eliciting an appreciable immune response in mammals.

It will be clear from the foregoing that other polyalkylene oxide derivatives

of the foregoing, such as the polypropylene glycol acids, etc., as well as other bi-

functional linking groups are also contemplated.
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E. PRODRUG CANDIDATES
As shown in Formulae (1) and (II), B, and B, are independently selected
residues of SH-containing moieties. A non-limiting list of suitable SH-containing

moieties include biologically active materials such as 6-mercaptopurine, 6-

thioguanine or others as illustrated below:

N
S
V X
N
D
R34 \N :30

wherein

R;,1s one of H, a C, alkyl, alkoxy, or a carbohydrate of the

formula:

wherein R,, ;¢ are independently selected from alkoxy, e.g.
OR;, or, in the alternative, H, OH, N;, NHR;;, NO, or
CN, fluoro, chloro, bromo, i0do, where R, ,; are
independently selected from the group consisting of
hydrogen, C, ¢ alkyls, C,_;, branched alkyls,

C, 5 cycloalkyls, C, 4 substituted alkyls, C; ¢ substituted
cycloalkyls, aryls, halo, substituted aryls, aralkyls,

C,.¢ heteroalkyls, substituted C, ¢ heteroalkyls; and are

preferably H or a C, alkyl;
R;, 1s H or NH,; and
X;1s CH or N.
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One preferred R, moiety is:

S

HO  “OH .

Other suitable candidates for inclusion in the prodrug systems described herein
include biologically active compounds such as chemotherapeutic moieties containing
a modifiable SH- group and/or polypeptides or enzymes, etc. containing modifiable
cysteine residues. A non-limiting list of suitable biologically active compounds include
1-B-D-ribofuranosyl-thiopurine, 1-B-D-arabinofuranosyl-thiopurine , penicillamine, 2-
thiouracil, captopril, tiopronin, vasopressin, deaminooxytocin, thiopental sodium, etc.

The only limitations on the types of sulfhydryl-containing molecules suitable for
inclusion herein is that there is available at least one SH containing position which can
react and link with a carrier portion and that there 1s not substantial loss of bioactivity
after the prodrug system releases and regenerates the parent compound.

It is noted that parent compounds suitable for incorporation into the prodrug
compositions of the invention, may themselves be substances/compounds which are not
active after hydrolytic release of an intermediate from the linked polymeric
composition, but which will become active after undergoing a further chemical
process/reaction. For example, an anticancer drug that is delivered to the bloodstream
by the double prodrug transport system, may remain inactive until entering a cancer or

tumor cell, whereupon it 1s activated by the cancer or tumor cell chemistry, e.g., by an

enzymatic reaction unique to that cell.

1. Leaving Groups
In those aspects where B, or B, is a leaving group, suitable leaving groups

include, without limitations, moieties such as N-hydroxybenzotriazelyl, halogen,
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N-hydroxyphthalimidyl, p-nitrophenoxy, imidazolyl, N-hydroxysuccinimidyl;
thiazolidinyl thione, or other good leaving groups as will be apparent to those of
ordinary skill. The synthesis reactions used and described herein will be understood
by those of ordinary skill without undue experimentation.

For example, an acylated intermediate of compound (I) can be reacted with a
reactant such as 4-nitrophenyl chloroformate, disucctnimidyl carbonate (DSC),
carbonyldiimidazole, thiazolidine thione, etc. to provide the desired activated
derivative.

The selective acylation of the phenolic or anilinic portion of the
p-hydroxybenzyl alcohol or the p-aminobenzyl alcohol and the o-hydroxbenzyl alcohol
or the o-aminobenzyl alcohol can be carried out with, for example, thiazolidine thione
activated polymers, succinimidyl carbonate activated polymers, carboxylic acid
activated polymers, blocked amino acid derivatives. Once in place, the "activated"” form
of the PEG prodrug (or blocked prodrug) is ready for conjugation with a sulthydryl-

containing compound.

F. SYNTHESIS OF THE POLYMERIC PRODRUG TRANSPORT

SYSTEM

Synthesis of representative polymer prodrugs is set forth in the Examples.
Generally, however, in one preferred method of preparing the prodrug transport
systems, the polymer residue is first attached to the branching groups. Separately, the
biologically active moiety or drug, e.g. Drug-SH (B, or B, of formula I) is attached to
the BE component which may also include a bifunctional spacer thereon at point of
attachment to the polymer. Next, the polymeric residue containing the terminal
branches is reacted with the drug-BE portion under conditions sufficient to form the
final product.

Attachment of the bifunctional spacer containing the BE- Drug component to
the polymer portion is preferably carried out in the presence of a coupling agent. A

non-limiting list of suitable coupling agents include 1,3-diisopropylcarbodiimide
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(DIPC), any suitable dialkyl carbodiimides, 2-halo-1-alkyl-pyridintum halides,
(Mukaiyama reagents), 1-(3-dimethylaminopropyl)-3-ethyl carbodumide (EDC),
propane phosphonic acid cyclic anhydride (PPACA) and phenyl dichlorophosphates,
etc. which are available, for example from commercial sources such as Sigma-Aldrich
Chemical, or synthesized using known techniques.

Preferably the substituents are reacted in an inert solvent such as methylene
chloride, chloroform, DMF or mixtures thereof. The reaction also preferably is
conducted in the presence of a base, such as dimethylaminopyridine,
diisopropylethylamine, pyridine, triethylamine, etc. to neutralize any acids generated
and at a temperature from 0°C up to about 22°C (room temperature).

More particularly, one method of preparing a polymeric transport system

includes reacting a compound of the formula (VIII):

Y4 Rq3 (VIII)
TL } { || .
HN L L C—YVYs Ar C——B
\Y t I
R{5 Ri4

wherein (v) and (t) are independently O or 1;

L, and L, are independently selected heterobifunctional linkers;

Y, are independently selected from the group consisting of O, S and NR;

R,,,, and R, are independently selected from the group consisting of
hydrogen, C, calkyls, C,_,, branched alkyls, C, ¢ cycloalkyls, C, ¢ substituted alkyls, C,
substituted cycloalkyls, aryls, substituted aryls, aralkyls, C, ¢ heteroalkyls, substituted
C, heteroalkyls, C,  alkoxy, phenoxy and C, ¢ heteroalkoxy;

Ar is a moiety which when included in Formula (I) forms a multisubstituted
aromatic hydrocarbon or a multi-substituted heterocyclic group; and

B’, is a residue of a sulfthydryl-containing moiety;

with a compound of the formula (IX):
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E
Ry J M R4 R5 Es
wherein
E is C—C—D0; .
g
Re

E.; areindependently H, E or

wherein D, and D, are independently OH or a leaving group which is capable

of reacting with an unprotected amine or

Eie (X)
Eqs

—N—C——C—E4

R4 R's Eg

where R’, and R’ are the selected from the same group which defines R, and E . ;; are

selected from the same group which defines E,;, except that D, and D, are changed
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to D’, and D’ which are defined below. Within this embodiment, D’ and D’, can be

independently OH, a moiety of formula (IV) or (V), or

E26 (XI)
Eos

—N——C——C——E,y7

R R"% Egg

wherein R”, and R”; are independently selected from the same group which defines R,

5 and E,; ,, are selected from the same group which defines Es-;, except that D; and D,

are changed to D”’; and D”, which are defined as being independently OH or a leaving

group which is capable of reacting with an unprotected amine. Such synthetic

techniques allow up to sixteen (16) equivalents of carboxylic acid or activated

carboxylic acid, for example, to be attached. As shown 1n the preferred structures

10 herein, PEG residues with terminally branched multi-acids are preferred aspects of the
invention.

Returning to formula (IX), R, is a polymeric residue; Y, 1s O, Sor NR,,;, M
1s O, S or NR,,; (m), (n) and (p) are independently O or a positive integer; Y, , are
independently O, S or NR,¢; and R, and R, are independently selected from the

15 group consisting of hydrogen, C, ¢ alkyls, C,_;, branched alkyls, C,; cycloalkyls, C, ¢
substituted alkyls, C,_, substituted cycloalkyls, aryls, substituted aryls, aralkyls, C,
heteroalkyls, substituted C, ( heteroalkyls, C, ¢ alkoxy, phenoxy and
C, heteroalkoxy.

Regardless of the synthesis selected, some of the preferred compounds which

20 result from the synthesis techniques described herein include:
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R,-D, D-R,-D,
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O D O D
R1\)kN - 1\/\OJ\N
H D H D '
O
D
H O D
N\’(\R1 \)‘\ 0 |
D O H o
O
O
D
$ O\ P 0
N\I( R1 \/\O)J\N O )
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wherein R, is a PEG residue and D 1s OH, formula (IV) or (V). Preferably, D 1s

HN
W \
NH O

'NH(/\O)LN
2 H

O
>—< B,
-NH O

<\,0}/\Jko/©/\ . '

O HN‘%D—\
>—~< B
"NH{\/O}“*N Y !
2 H

B,
2 H
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where B, is a residue of a sulthydryl-containing drug.

G. IN VIVO DIAGNOSTICS

A further aspect of the invention provides the conjugates of the invention

optionally prepared with a diagnostic tag linked to the transport enhancer described

above, wherein the tag is selected for diagnostic or imaging purposes. Thus, a suitable

tag 1s prepared by linking any suitable moiety, e€.g., an amino acid residue, to any art-

standard emitting isotope, radio-opaque label, magnetic resonance label, or other non-

radioactive isotopic labels suitable for magnetic resonance imaging, fluorescence-type

labels, labels exhibiting visible colors and/or capable of fluorescing under ultraviolet,

infrared or electrochemical stimulation, to allow for imaging tumor tissue during

surgical procedures, and so forth. Optionally, the diagnostic tag is incorporated into
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and/or linked to a conjugated therapeutic moiety, allowing for monitoring of the

distribution of a therapeutic biologically active material within an animal or human

patient.

In a still further aspect of the invention, the inventive tagged conjugates are
readily prepared, by art-known methods, with any suitable label, including, e.g.,
radioisotope labels. Simply by way of example, these include *'Iodine, '*lodine,
7" Technetium and/or '"Indium to produce radioimmunoscintigraphic agents for
selective uptake into tumor cells, in vivo. For instance, there are a number of art-

known methods of linking peptide to Tc-99m, including, simply by way of example,

those shown by U.S. Patent Nos. 5,328,679; 5,888,474; 5,997.844: and 5,997,845.

Broadly, for anatomical localization of tumor tissue in a patient, the conjugate
tag 1s administered to a patient or animal suspected of having a tumor. After sufficient
time to allow the labeled immunoglobulin to localize at the tumor site(s), the signal
generated by the label is detected, for instance, visually, by X-ray radiography,
computenized transaxial tomography, MRI, by instrumental detection of a luminescent
tag, by a photo scanning device such as a gamma camera, or any other method or
Instrument appropriate for the nature of the selected tag.

The detected signal is then converted to an image or anatomical and/or
physiological determination of the tumor site. The image makes it possible to locate
the tumor in vivo and to devise an appropriate therapeutic strategy. In those
embodiments where the tagged moiety is itself a therapeutic agents, the detected signal
provides evidence of anatomical localization during treatment, providing a baseline for

follow-up diagnostic and therapeutic interventions.

H. METHODS OF TREATMENT

Yet another aspect of the present invention provides methods of treatment for
various medical conditions in mammals. The artisan will readily appreciate that the

prodrugs of the invention are employed to treat diseases or disorders, or applied for
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diagnostic purposes that are the same or similar to the uses of the unmodified
biologically effective compound.

The methods include administering to the mammal in need of such treatment,
an effective amount of a prodrug, such as a 6-mercaptopurine PEG conjugate, which
has been prepared as described herein. The compositions are useful for, among other
things, treating neoplastic disease, reducing tumor burden, preventing metastasis of
neoplasms, preventing recurrences of tumor/neoplastic growths in mammals. Further,
a 6-mercaptopurine PEG conjugate has utility in modulating abnormal cell growth
generally, and in particular, in treating and/or modulating autoimmune diseases and
disorders, such as multiple sclerosis, and many other such art-known conditions.

The amount of the prodrug administered will depend upon the parent molecule
included therein. Generally, the amount of prodrug used in the treatment methods is
that amount which effectively achieves the desired therapeutic result in mammals.
Naturally, the dosages of the various prodrug compounds will vary somewhat
depending upon the parent compound, rate of in vivo hydrolysis, molecular weight of
the polymer, etc. In general, however, 6-mercaptopurine PEG conjugates are

administered in amounts ranging from about 0.5 to about 3.0 mg/kg” per day, based

on the molar proportion of the 6-mercaptopurine moiety per mg of prodrug.

The range set forth above is illustrative and those skilled in the art will
determine the optimal dosing of the prodrug selected based on clinical experience and
the treatment indication. Actual dosages will be apparent to the artisan without undue
experimentation.

The prodrugs of the present invention can be included in one or more suitable

pharmaceutical compositions for administration to mammals. The pharmaceutical
compositions may be in the form of a solution, suspension, tablet, capsule or the like,
prepared according to methods well known in the art. It 1s also contemplated that
administration of such compositions may be by the oral and/or parenteral routes
depending upon the needs of the artisan. A solution and/or suspension of the

composition may be utilized, for example, as a carrnier vehicle for injection or
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infiltration of the composition by any art known methods, e. g., by intravenous,
itntramuscular, subdermal injection and the like.
Such administration may also be by infusion into a body space or cavity, as well

as by inhalation and/or intranasal routes. In preferred aspects of the invention,
however, the prodrugs are administered to mammals in need thereof by various art-

known parenteral routes.

To the extent that 6-mercaptopurine (6-MP) has been exemplified herein, it is
mentioned that polymer conjugates of 6-MP according to the invention are readily
employed to treat the same range of diseases or disorders for which unmodified 6-MP

and/or the previously known prodrug of 6-MP, azathioprine, have been previously

known to have some utility or potential.

L. EXAMPLES

The following examples serve to provide further appreciation of the invention

but are not meant in any way to restrict the effective scope of the invention. The

underlined and bold-faced numbers recited in the Examples correspond to those shown

in the Figures.

Experimental

General. All reactions were run under an atmosphere of dry nitrogen or argon.
Commercial reagents were used without further purification. All PEG compounds
were dried under vacuum or by azeotropic distillation (toluene) prior to use. 'H
spectra were obtained with a Vanan M(f:rcuryVX-BOOTM Instrument  using
deuteriochloroform as solvent unless specified. >C NMR spectra were obtained at
75.46 MHz on the Varian MercuryVX-300. Chemical shifts (8) are reported in parts
per million (ppm) downfield from tetramethylsilane (TMS) and coupling constants (J
values) are given in hertz (Hz).

HPLC Method. Analytical HPLC's were performed using a size exclusion column

™

(PolySep-GFC-P3000, Phenomenex) under isocratic conditions with a 1:1 mixture

(v/v) of methanol-water as mobile phase. Peak elution was monitored at 254 nm using
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a UV detector. To detect the presence of any free PEG and also to confirm the
presence of PEGylated product, an evaporative light scattering detector (ELSD),
Model 5000 ELSSN({Alltech), was employed. Based on ELL.SD and UV analysis, all the
final PEGylated products were free of native drug and were >95% pure by HPLC.
Analysis of 6-mercaptopurine and 6-thioguanine content in PEG Derivatives.
For the determination of the 6-mercaptopurine content in PEG denvatives, the UV
absorbance of 6-mefcaptopurine in 90% MeOH in H,O (v/v) was determined at 277
nm for five different concentrations ranging from 0.02 pmol/mL to 0.10 uymol/mL.
From the standard plot of absorbance vs. concentration, the absorption coefficient, €,
of 6-mercaptopurine was calculated to be 21.6 (O.D. at 277 nm for 1 mg/mL with 1.0
cm light path). PEGylated 6-mercaptopurine derivatives were dissolved in 90% MeOH
in H,O (v/v) at an approximate concentration of 0.006 umol/mL (based on a MW of
40,000) and the UV absorbance of these compounds at 277 nm was determined. Using
this value and employing the absorption coefficient, €, obtained from the above, the
concentration of 6-mercaptopurine in the sample was determined. Dividing this value
by the sample concentration provided the percentage of 6-mercaptopurine in the
sample. 6-TG samples were analyzed by the same method.

Determination of Rates of Hydrolysis of PEG Prodrugs. The rates of hydrolysis
were obtained by employing a C8 reversed phase column (Zorbax® SB-C8) using a
gradient mobile phase consisting of (a) 0.1 M trniethylammonium acetate buffer and (b)
acetonitrile. A flow rate of I mL/min was used, and chromatograms were monitored
using a UV detector at 254 nm for 6-mercaptopunne. For hydrolysis in plasma, the
derivatives were dissolved in acetonitrile at a concentration of 20 mg/mL. The solution
was divided into vials with100 uL and the solvent removed in vacuo. To the residue.
100 uL of plasma was added, then vortexed for 10 sec. The solutions were incubated
at 37°C for vanous periods of time. A mixture of methanol - acetonitrile (1:1, v/v, 400
L) was added to a vial at the proper interval and the mixture was vortexed for 1 min,
followed by filtration through 0.45 mm filter membrane (optionally followed by a

second filtration through 0.2 mm filter membrane). An aliquot of 40 uL of the filtrate
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was injected into the HPLLC. On the basis of the peak area, the amounts of native
compound and PEG derivative were estimated, and the half-life of each compound in
different media was calculated usin g linear regression analysis from the disappearance
of PEG derivative.

Abbreviations. DCM (dichloromethane), DMAP (4-(dimethylamino)pyridine), DMF
(N,N-dimethylformamide), DSC (N,N'-disuccinimidyl carbonate), EDC
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide), [PA (2-propanol), TBDMS-CI
(tert-butyl dimethyl silyl chloride), TFA (trifluoroacetic acid).

Example 1

Compound 4

A solution of 4-hydroxymethyl phenol (3, 9.3 g, 75 mmol) in DMF (50 mL) was
flushed with anhydrous nitrogen gas for 10 minutes, followed by addition of
TBDMS-CI (12.44 g, 82 mmol). The reaction mixture was cooled to 0°C, followed
by addition of solution of TEA (30.36 g, 300 mmol) in DMF (25 mL). The reaction
solutton was stirred overnight at room temperature and concentrated in vacuo. The
residue was partitioned between water (100 mL) and DCM (200 mL) to extract the
product into DCM twice. The organic layers were combined and dried over anhydrous
MgSO, followed by removal of the solvent in vacuo to give the product 4 (16.3 g,
91%): C NMR §-5.344 (2 Si x CH,), 18.285 (Si-C(CH,),), 25.850 (Si-C(CH,),),
64.840 (Ar-CH,0), 115.221 (Ar-C?%), 127.842(Ar-C°), 132.962 (Ar-C¥), 155.248
(Ar-C").

Example 2

Compound 7

Pyridine (983 mg, 12.43 mmol) was added to a suspension of 4 (2.7 g, 11.3 mmol) and
DSC (3.18 g, 12.43 mmol) in CHCI, (140 mL) and the mixture was refluxed overnight
followed by cooling to room temperature. Mono-Boc-diamine spacer (6,3.398 g, 13.7

mmol) was added to the solution and the reaction mixture was stirred at room
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temperature overnight, followed by wash with 0.1N HCI (3 x 100 mL) and brine (100
mL). The organic layer was dried over anhydrous MgSO, and the solvent removed in
vacuo. The residue was dissolved in hexane (100 mL) followed by filtration of
insoluble impurities. The hexane filtrate was concentrated to give product 7 (5.1 g,
88%): “C NMR § -5.469 (2 x Si-CH,), 18.235 (Si-C(CH,),), 25.790 (Si-C(CH,),),
28.263 (0O-C(CH,),), 40.230 (CH,NH), 40.917 (CH,NH), 64.392 (Ar-CH,0), 69.892
(CH,0), 70.192 (CH,0), 70.253 (CH,0), 79.305 (OC(CH,),), 121.371 (Ar-C°),
126.943 (Ar-C%), 138.482 (Ar-C%), 149.960 (OC(=0)NH), 154.936 (OC(=0O)NH),
156.096 (Ar-C").

Example 3

Compound 8
Compound 7 (5 g, 9.76 mmol) was dissolved in acetonitrile (30 mL) and water (30

mL) followed by addition of HOAc (90 mL). The reaction mixture was stirred at room

temperature for 1.5 hours, followed by the removal of the solvent. The residue was
dissolved in DCM (300 mL), washed with water (3 x 300 mL), dried over anhydrous
MgSO,. The solvent was removed in vacuo to give the product 8 (4.1 g, 80%): °C
NMR § 28.233 (OC(CH,),), 40.184 (CH,NH), 40.871 (CH,NH), 64.484 (Ar-CH,0),
69.811-70.191 (4 x CH,0), 79.228 (OC(CH,),), 121.661 (Ar-C?), 127.950 (Ar-C°),
138.177 (Ar-C%), 150.418 (OC(=O)NH), 154.875 (OC(=O)NH), 156.111 (Ar-C").

Example 4

Compound 9

Thionyl chlonide (314 mg, 2.64 mmol) was added to a solution of 8 (360 mg, 0.9
mmol) in pyridine (356 mg, 4.5 mmol) and DCM (30 mL) at 0°C. The mixture was
stirred at 0-20°C for 3 hours, followed by washing with water (3x30 mL). The organic
layer was dried over anhydrous MgSO, and the solvent removed in vacuo to give the
product 9 (320 mg, 85%): C NMR § 28.449, 40.385, 41.103, 45.680, 69.846,
70.295, 121.782, 129.513, 134.295, 150.872, 154.295, 155.833.
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Example S

Compound 10

EDCeHCI was added to a solution of 6-MP monohydrate (1, 1.66 g, 9.77 mmol) and
K,CO; (1.35 g, 9.77 mmol) in DMF (40 mL) and the mixture was stirred at room
temperature for 1 hour, followed by addition of 9 (3.7 g, 8.88 mmol). The reaction
mixture was stirred at room temperature for 4 hours, filtered, and the filtrate
concentrated. The residue was purified by silica gel column chromatography (0-20%
MeOH in CHCI,, v/v) to give 0.7 g (15%) of product 10: PC NMR 6 28.442, 32.346,
40.397, 41.127, 69.979, 70.299, 79.59.2, 121.935, 130.319, 134.722, 141.890,
150.405, 151.900, 151.990, 155.126, 156.342. Anal. (C,,H,,N.O.S) C, H, N.

Example 6

Compound 11

Boc precursor (10, 180 mg, 0.34 mmol) was dissolved in DCM (4 mL) and TFA (2
mL) and the mixture stirred at room temperature for 2 hours. The solvent was
removed in vacuo followed by addition of ether to precipitate a solid, which was
washed with ether after filtration to give the product (175 mg, 95%): “C NMR
(CDC1,+CD,0D) 6 15.142,32.481, 39.518, 40.769,40.891, 66.015, 66.656, 69.892,
69.984, 70.106, 70.152, 121.804, 130.199, 134.320, 142.547, 149.599, 150.332,
151.797, 155.521, 159.429.

Example 7

Compound 13

A solution of triethylamine (5 mL, 35.87 mmol) in DCM (5 mL) was added slowly to
a solution of 4-hydroxy-3,5-dimethylbenzyl alcohol (12, 1.0 g, 6.58 mmol) and
TBDMS-CI (1.61 g, 10.7 mmol) in DCM (10 mL) at 0 °C over 1 hour. The final
solution was let to warm to room temperature and stirred overnight at room
temperature. TLC showed the completion of the reaction and the solvent was removed

in vacuo and the residue was dissolved in DCM followed by washing with water four
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times to give 1.5 g (86%) of product 13: '"H NMR & 0.00 (s, 6H, 2 x CHj;), 0.84 (s,
9H, 3 x CH,), 2.11 (s, 6H, 2 x Ar-CH,), 4.50 (s, 3H, Ar-CH,0H), 6.82 (s, 2H, 2 x Ar-
H); ®C NMR § -3.25, 15.91, 18.48, 26.01, 64.91, 122.84, 126.93, 132.85, 151.15.

Example 8

5 Compound 15
Triphosgene (0.68 g, 1.91 mmol) and pyridine (0.949 g, 12 mmol) were added to a

solution of 13 (1.33 g, 5.00 mmol) in chloroform (100 mL) and the mixture was
stirred at room temperature for 6 hours followed by addition of 6 (5.0 g, 9.8 mmol).
The mixture was stirred at room temperature overnight. The reaction solution was

10 washed with 0.1 N HCI (3 x 10 mL), water (10 mL) and dried over anhydrous
MgSO,, followed by removal of the solvent in vacuo. The residue was purified by
silica gel column chromatography (30 to 40 % EtOAc in hexane) to give 2.5 g
(93%) of product 15: C NMR 6 -5.235 (2 x Si-CH,), 16.359, 18.483 (Si-
C(CH,),), 26.036, 28.455 (Si-C(CH,)5), 30.989 (O-C(CH,),), 40.423 (CH,NH),

15 41.178 (CH,NH), 64.478 (Ar-CH,0), 70.209 (CH,0), 70.376 (CH,0), 70.516
(CH,0), 79.438 (OC(CH,),), 126.402, 130.792, 138.639, 147.151, 154.486,
156.227 (Ar-Cs).

Example 9
Compound 16

20 Compound 15 was subjected to the condition in Example 3 to prepare 16 in 38%
yield: "C NMR § 16.282, 28.442, 40.423, 41.204, 65.012, 70.171, 70.414,
70.516, 79.528, 127.439, 131.305, 138.345, 147.740, 154.409, 156.252.

Example 10
Compound 17
25 A mixture of 16 (800 mg, 1.88 mmol), Ph,P (740 mg, 2.82 mmol), and CCl, (1.74

g 11.28 mmol) in acetone (5 mL) and acetonitrile (5 mL) was stirred at room
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temperature overnight. The solvent was removed in vacuo and the residue purnified
by silica gel column chromatography (1:1 ethyl acetate — hexane, v/v) to give 400
mg (96%) of product 17: C NMR § 14.213, 16.264, 28.412, 40.692, 41.193,
45.954, 70.055, 70.350, 70.462, 79.479, 128.832, 131.500, 134.562, 148.199,
153.958, 156.563.

Example 11

Compound 18

Compound 17 (0.4 g, 0.9 mmol) was added to a solution of 6-MP monohydrate (1,
0.17 g, 1.0 mmol) and K,CO,; (0.14 g, 1.0 mmol) in DMF (40 mL, by stirring for 1
hour) and the mixture was stirred at room temperature for 4 hours. The reaction
mixture was filtered and the filter cake was washed with DCM. The filtrate was
concentrated in vacuo and the residue was purified by silica gel column
chromatography (0 to 10% MeOH in CHCI,, v/v) to give 0.34 g (67%) of product
18: "C NMR (CDCIl, + CD,0D) 8 16.438, 16.460, 28.525, 40.477, 41.221,
70.321, 70.560, 79.872, 125.483, 128.508, 128.944, 129.604, 131.584, 132.258,
132.946, 147.651, 152.117.

Example 12
Compound 19
Compound 18 was subjected to the condition in Example 6 to prepare 19 in 95%

yield. "H NMR data confirmed the completion of the reaction.

Example 13
Compound 21

General procedure
Boc-AA-OSu (20a-c, 6.5 mmol) was added to a solution of p-aminobenzyl alcohol

(8.0 g, 6.5 mmol) in DCM (400 mL) and the solution stirred at room temperature
overnight followed by cooling to —20 °C. The precipitate was filtered and the
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filtrate was washed with water (200 mL), dried over anhydrous MgSQO,. The
solvent was removed in vacuo and the residue recrystallized from hot EtOAc to
give the product (21a-c).
Compound 21a. Prepared from Boc-gly-OSu in 75% yield: *C NMR 8 25.437,
5 28.420, 45.175, 64.708, 67.217, 80.798, 120.479, 128.005, 137.081, 137.349,

156.959, 168.595, 172.725.
Compound 21b. Prepared from Boc-ala-OSu in 70% yield: >C NMR 8 17.677,
18.407, 28.365, 50.881, 64.961, 80.859, 120.092, 127.951, 136.860, 137.500,
156.495, 171.472.

10 Compound 21c. Prepared from Boc-leu-OSu in 80% yield: *C NMR 6 21.562,
22.919, 25.428,28.218, 41.011, 53.345, 64.597, 80.315, 119.855, 127.586,
136.495, 137.379, 154.992, 156.592, 171.798.

Example 14
Compound 22

15 Prepared from 21a-c as described in example 4.
Compound 22a. Prepared from 21a in 80% yield: “C NMR (CDCl, + CD,0D) §
17.485, 18.816, 28.480, 46.260, 55.066, 80.051, 120.654, 129.845, 134.030,
138.587, 150.095, 169.372.
Compound 22b. Prepared from 21b in 75% yield: "C NMR & 17.331, 18.304,
20 27.469, 50.881, 52.878, 80.923, 120.053, 133.378, 138.281, 137.500, 156.572,
171.177.
Compound 22¢. Prepared from 21¢ in 75% yield: *C NMR & 21.760, 23.053,
24.820, 28.391, 41.076, 46.119, 54.017, 80.641, 120.066, 139.397, 133.225,
138.332, 156.777, 172.086.

25 Example 13
Compound 23
Prepared from 22a-c as described in example 11 using 6-MP for M, 6-MPR for
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MR, and 6-TG for T compounds.

Compound 23aM. Prepared from 22a and 1 in 64% yield: 'H NMR (CDCl, +
CD,0D) 6 1.468 (s, 9H, 3xCH,), 3.868 (s, 2H, CH,NH), 4.761 (s, 2H, CH,S),
7.464 (ABq, 4H, J = 23.0 Hz, 8.5 Hz, Ar-H), 7.675 (1H, NH), 8.227 (s, 1H, Ar-H
of 6-MP), 8.729 (s, 1H, Ar-H of 6-MP); °C NMR (CDCI, + CD,0D) 6 28.567,
33.047, 44.704, 49.030, 80.602, 120.896, 130.306, 133.986, 137.988, 152.454,
169.701.

- Compound 23aT. Prepared from 22a and 2 in 58% yield: '"H NMR (CDCI, +

CD,0D) & 1.468 (s, 9H, Boc), 3.347 (s, 2H, NH,), 3.875 (s, 2H, CH,NH), 4.536
(s, 2H, CH,S), 7.446 (ABq, 4H, J = 25.75 Hz, 8.19 Hz, Ar-H), 7.648 (1H, Ar-H of
purine), 7.804 (s, 1H, Ar-H of purine); “C NMR (CDCI, + CD,0D) § 28.525,
32.584, 44 662, 49.816, 80.602, 120.798, 130.208, 134.421, 137.693, 139.252,
157.679, 160.249, 169.561.

Compound 23bM. Prepared from 22b and 1 in 63% yield: *C NMR (CDClI, +
CD,0D) 6 18.560, 28.352, 32.692, 50.599, 80.500, 120.245, 120.501, 128.949,
149.499, 129.896, 133.262, 137.346, 142.031, 151.835, 156.277, 171.983.
Compound 23bMR. Prepared from 22b and 6-mercaptopurine riboside (1b) in
67% yield: °C NMR (CDCI, + CD,0D) § 17.782, 27.429, 27.654, 32.019,
50.205. 61.910, 62.025, 70.833, 73.608, 79.615, 85.500, 90.026, 119.941,
119.749, 129.077, 130.051, 131.231, 132.461, 136.678, 136.783, 142.564,
146.731, 150.546, 155.584, 161.025, 171.492.

Compound 23bT. Prepared from 22b and 2 in 21% yield: “C NMR (CDCI, +
CD,0D) o 18.611, 28.468, 32.525, 42.060, 80.551, 120.603, 130.024, 134.094,
137.512, 139.368, 144.450, 156.559, 159.797, 172.687, 189.340.

Compound 23cM. Prepared from 22¢ and 1 in 50% yield: *C NMR (CDCI, +
CD,0D) 0 21.341, 22.570, 24.618, 27.895, 32.337, 41.361, 53.623, 79.876,
120.197, 129.516, 133.138, 137.157, 142.354, 151.622, 156.213, 157.032,

172.358.
Compound 23¢T. Compound 22¢ and 2 are converted to 23cT.
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Example 16

Compound 24

Prepared from 23a-c as described in example 6.

Compound 24aM. Prepared from 23aM in 95% yield. 'H NMR data confirmed

the completion of the reaction.

Compound 24aT. Prepared from 23aT in 94% yield. 'H NMR data confirmed the

completion of the reaction.

Compound 24bM. Prepared from 23bM in 99% yield. '"H NMR data confirmed

the completion of the reaction.

Compound 24bMR. Prepared from 23bMR in 93% yield. 'H NMR data
confirmed the completion of the reaction.

Compound 24bT. Prepared from 23bT in 97% yield. "H NMR data confirmed

the completion of the reaction.
Compound 24cM. Prepared from 23¢cM in 84% vyield. '"H NMR data confirmed
the completion of the reaction.

Compound 24¢T. Compound 23cT 1s converted to 24c¢T.

Example 17
Compound 26

General procedure
EDC-HCI (7.4 mmol) was added to a mixture of 24 (3.4 mmol), 25 (3.7 mmol), and

DMAP (14.8 mmol) in anhydrous DCM (60 mL) and DMF (30 mL) at 0 °C and the
mixture was stirred at 0 °C to room temperature overnight. The solvent was removed
in vacuo and the residue redissolved 1n ethyl acetate to be washed with water (2 x 150

mL) and dned over anhydrous MgSQO,. The solvent was removed in vacuo and the

residue purified by silica gel column chromatography to give 26.
Compound 26aM. Prepared from 24aM in 75% yield: *C NMR (CDCL,+CD,0D)

028.528, 32.832, 40.632, 42.799, 70.365, 70.503, 70.731, 71.495.

39



10

15

20

25

CA 02465090 2004-04-28

WO 03/041642 PCT/US02/35871

79.783, 120.460, 130.107, 133.617, 137.616, 142,302, 152.147, 157.322, 167.701,

171.944.

Compound 26aT. Prepared from 24aT in 73% yield: *C NMR (CDCI, +
CD,0D) 6 28.512, 32.466, 40.647, 42.799, 70.380, 70.533, 70.716, 71.495,
79.798, 120.445, 130.061, 134.106, 137.479, 139.067, 157.352, 159.840, 167.732,
171.975.

Compound 26bM. Prepared from 24bM in 70% yield: C NMR (CDCl, +
CD,0D) o 18.880, 28.519, 32.820, 40.577, 40.679, 70.260, 70.388, 70.772,
71.438, 79.732, 120.501, 130.062, 133.659, 137.653, 142.197, 152.104, 148.301,

170.985, 171.279.
Compound 26bT. Prepared from 24bT in 75% yield: >C NMR (CDCI, +

CD,0D) 6 18.906, 28.557, 32.500, 40.743, 70.337, 70.465, 70.810, 71.489,
79.771. 120.565. 130.062, 134.210, 137.589, 139.010, 157.429, 159.887, 171.087,
171.407.

Compound 26cM. Prepared from 24c¢M in 71% yield: >C NMR (CDCl, +
CD;0D) 6 22.119, 23.040, 25.024, 28.532, 32.781, 40.525, 41.895, 52.071,

70.222, 70.952, 71.400, 79.720, 120.552, 130.127, 133.634, 137.666, 142.543,
152.169, 167.289, 171.100, 171.254, 171.318.

Compound 26¢T. Compound 24cT 1s converted to 26¢T.

Example 18

Compound 27

Prepared from 26 as described in example 6.

Compound 27aM. Prepared from 26aM in 90% yield. '"H NMR data confirmed
the completion of the reaction.

Compound 27aT. Prepared from 26aT in 97% yield. "H NMR data confirmed the
completion of the reaction.

Compound 27bM. Prepared from 26bM in 85% yield. '"H NMR data confirmed

the completion of the reaction.
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Compound 27bT. Prepared from 26bT in 93% yield. 'H NMR data confirmed
the completion of the reaction.
Compound 27¢M. Prepared from 26¢M in 94% yield. '"H NMR data confirmed

the completion of the reaction.

Compound 27¢T. Compound 26¢T 1s converted to 24cT.

Example 19.

Compound 29.
A mixture of T-PEG (28, mw. 40,000, 5.0 g, 0.125 mmol), 11 (180 mg, 0.329 mmol),

and DIEA (64.65 mg, 0.5 mmol) in anhydrous DCM (50 mL) was stirred at room
temperature overnight. The solvent was removed in vacuo and the residue
recrystallized from IPA (500 mL) twice to give the product 29 (4.5 g, 90%). The
amount of 6-MP measured by UV assay was 0.74% wt/wt: >C NMR & 32.120, 38.539,
41.042,42.850,69.746-70.897 (PEG), 121.543,130.054, 134.562, 142 413, 150.194,
151.795, 154.632, 170.025.

Example 20
Compound 31

General procedure
EDC-HCI (0.8 mmol) was added to a mixture of PEG-cmc-aspartic-OH (30, 0.05 mmol),

TFA NH,-spacer 6-MP (11, 19, or 27, 0.4 mmol), and DMAP (1.6 mmol) in anhydrous
DCM (15 mL) and DMF (5 mL) at 0 °C and the mixture was stirred at 0 °C to room

temperature overnight. The solvent was removed in vacuo and the residue recrystallized

from IPA to give product 31.

Compound 31a. Prepared from 11 1n 90% yield. The amount of 6-MP measured by UV
assay was 1.27% wt/wt: “C NMR 6 32.022, 37.331, 39.185, 40.968, 49.578, 61.544,
69.437-70.869 (PEG), 121.585, 130.517, 134.590, 142.146, 149.112, 150.194,
151.753, 154.800, 159.379, 170.376, 170.643.

41




10

15

20

25

CA 02465090 2004-04-28

WO 03/041642 PCT/US02/35871

Compound 31b. Prepared from 19 in 94% yield: “C NMR (CDCI, + CD,0D) 6
16.995, 38.778, 40.253, 41.025, 41.826, 43.792, 53.090, 54.115, 65.379, 70.350,
70.435-71.334 (PEG), 129.169, 132.821, 133.945, 148.635, 149.225, 156.037,
171.992, 172.975.

Compound 31c. Prepared from 27aM in 87% yield. The amount of 6-MP measured by
UV assay was 1.45% wt/wt: “C NMR (CDCI,; + CD,0D) 6 31.846, 37.155, 38.686,
38.789, 38.897, 47.408, 51.467, 16.798, 68.728-70.399 (PEG), 119.443, 119.527,
129.162, 132.575, 136.620, 151.212, 155.903, 166.928, 167.026, 170.383, 170.917,
170.973, 171.436.

Compound 31d. Prepared from 27aT in 88% yield. The amount of 6-TG measured by
UV assay was 1.42% wt/wt: PC NMR (CDCI, + CD,0D) 6 31.187, 37.029, 38.532,

38.616, 39.094, 41.678, 51.147, 63.615, 66.214, 68.545-71.832 (PEG), 119.274,
119.359, 128.923, 133.038, 133.277, 136.381, 136.451, 138.529, 155.832, 158.852,

166.914, 166.998, 170.242, 170.902, 171.338.
Compound 31e. Prepared from 24bM 1n 88% yield. The amount of 6-MP measured by
UV assay was 1.46% wt/wt: “C NMR (CDCI, + CD,0D) § 17.626, 17.724, 32.766,

38.272, 52.443, 64.760, 69.675-71.459 (PEG), 120.713, 129.955, 133.480, 133.564,
137.848. 137.932, 143.213, 152.202, 157.145, 159.477, 171.358, 171.808, 171.934,

172.299.

Compound 31f. Prepared from 24bMR in 95% yield. The amount of 6-MP measured
by UV assay was 1.44% wt/wt: “C NMR (D,0) 6 19.532, 34.450, 52.079, 54.339,
54.046, 67.007, 71.566, 72.014-74.867 (PEG), 76.486, 80.390, 91.165, 122.918,
132.061, 132.865. 135.511, 139.115, 145.478, 149.278, 153.751, 158.536, 163.961,
173.007, 174.921.

Compound 31g. Prepared from 27bM 1n 90% yield. The amount of 6-MP measured by
UV assay was 1.46% wt/wt: “C NMR (CDCI,; + CD,0D) § 18.454, 32.283, 38.853,
51.530, 40.703, 63.848, 65.359, 67.145, 68.091-71.893 (PEG), 119.117, 128.611,
132.045, 134.335, 136.075, 141.051, 150.469, 155.063, 169.396.
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Compound 31h. Prepared from 27bT in 88% yield. The amount of 6-TG measured by

UV assay was 1.32% wt/wt: “C NMR (CDCI, + CD,0D) & 18.792, 32.275, 37.991,
39.564, 52.232, 64.605, 69.535-71.136 (PEG), 120.348, 120.475, 129.955, 134.014,
134.252, 137.413, 139.449, 156.752, 159.701, 170.993, 171.331, 172.285.

Compound 31i. Prepared from 27¢M in 85% yield. The amount of 6-MP measured by
UV assay was 1.17% wt/wt: “C NMR (CDCI, + CD,0D) & 20.260, 21.566, 23.757.
30.962, 38.237,40.554, 50.737, 59.922, 61.776, 62.675, 63.236, 67.085-71 396 (PEG),
119.176, 128.544, 132.476, 136.535, 141.984, 150.706, 160.607, 169.905.

Compound 31j. 27¢T is converted tc compound 31j by the same procedure.

Example 21

Compound 33
EDC-HCI (461 mg, 2.4 mmol) was added to a mixture of PEG-cmc-aspartic-aspartic-OH

(32, 4.0 g, 0.1 mmol), 27bM (800 mg, 1.2 mmol), and DMAP (586 mg, 4.8 mmol) in
anhydrous DCM (50 mL) and DMF (5 mL) at 0 °C and the mixture was stirred at 0 °C to
room temperature overnight. The solvent was removed in vacuo and the residue
recrystallized from IPA to give product 33 (3.5 g, 88%). The amount of 6-MP measured
by UV assay was 2.57% wt/wt: °"C NMR (CD,Cl + CD,0D) & 18.876, 24.016, 30.814,
32.878, 37.808, 39.845, 64.928, 69.802-71.431 (PEG), 120.784, 130.222, 134.028,
137.946, 143.115, 152.356, 17]1.443  171.822.

Example 22

In vitro experiment

Cell Lines and Cytotoxicity Assays. Studies using P388/0 cell lines for IC,, (drug
concentration inhibiting growth of cells by 50%) were maintained and conducted as
previously reported. Briefly, for IC,, determination, cells were seeded into the
microwell plates at a density of 2x10° cells per SO pL per well. Plates were incubated

at 37 °C in a humtdified incubator with 5% CO, for 3 days. Cell growth was measured
™
by the addition of 10 pL/well of Alamar Blue (Alamar Biosciences, Inc., Sacramento.
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CA) and the plates were incubated a further 4 hours at 37 °C. The IC,,values for each
compound were determined from absorbance versus dilution factor plots. All cell
cultures for animal implantation were maintained at 37 °C in a humidified atmosphere
of 5% CO, / 95% O, and subcultured once a week. All cell lines were periodically
tested for Mycoplasma and were Mycoplasma free. The results are shown in Table 1.

Table 1. In vitro results of 6-MP and Its PEG Derivatives.

IC,
(P388/0,

t,,inrat |?,,in Solubility in
plasma human water

Compound

at 37°C | plasma at (mg/mL)
37°C

pM)

>24 h 152 h 18.4 h 272 no inhibition

11

eMPy |- |- |- |<od
ev6@ |- |- |- |- Joxw
29 |>an J2on  fush |- ue
st |>2ah_Joeh [o7h |- |noinhibition
sl 150
34 |>2an [>2an [>24h |- |noinhibition
stg  |>2n [>2an |>24h |- |noinkibition
sth____|>24h|>2ah [>24n |- |noinhibition

>24h |152h [184h  |272 |noinkibition

EXH T ETE o inhibition

>24h | >24h >24 h 114 no 1nhibition

W
W

I'

Example 23

In vivo experiment with M109 tumor model

M109 cells (NCI), derived from donor mice, were grown and expanded in tissue
culture for in vivo implantation. Cells were grown in EMEM with 10% FBS and 1%
streptomycin/penicillin media, kept in an incubator at 37°C with 5% CO,and split twice

a week. Cells were trypsinized, harvested, washed, counted and prepared in PBS for

44



10

15

20

25

CA 02465090 2004-04-28

WO 03/041642 PCT/US02/35871

transport to the vivarium, Cells were kept on ice until implantation was conducted with
minimum lag time. A cell suspension of approximately 5 x 10° cells/mL was used.
Balb/C mice were implanted subcutaneous with 100 pL of the above cell suspension (Day
0). Treatments were administered intravenously on Day 1 and Day 4. Compound doses
were based on the content of 6-MP. Body weight and tumor volume were then measured
twice weekly until the group’s median tumor volume exceeded 2000 mm’. The tumor
volume for each mouse was determined by measuring two dimensions with calipers and
calculated using the formula: tumor volume = (length x width®)/2. Drug effects were
determined by comparing tumor growth in treated versus control (no vehicle) mice. Two
types of endpoints were used as the basis for comparison: (a) the percent difference in
tumor volume (%T/C), measured when the control group's median tumor volume reached
approximately 800 - 1100 mm’ (exponential growth phase) and (b) again when the control
group’s median tumor volume was approximately 2000 mm’.

Results

Unmodified 6-MP was ineffective at inhibiting the growth of M109 solid tumors. In
contrast, some PEG-6-MP conjugates caused roughly an 80% reduction in tumor
growth as compared to control (Table 2). A similar enhancement of anti-tumor activity

was produced with PEG conjugation of 6-TG.

Table 2. Efficacy Comparison Between 6-MP And PEG-MP * Against Lung
M109 Syngeneic Solid Tumors In Balb/C Mice.

Total Dose T/C (%) at Day | T/C (%)" at Day
(mg/kg) 18 25

6-MP (1) 200 144 184
6-TG (2) 78

Compound

40 82

| l

200 144 184

31a 28 38
31c 108 92
31d Toxic Toxic
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o 5o
31g 43.8 70.7
31h 27

311 136 71

33

* All PEG compounds were given day 1 & 4, 1.v.
X The median tumor volume of treatment and control groups were measured and compared when the

control group’s median tumor volume reached approximately 1000 mm’ (day 18) and 2000 mm’ (day
25).

Example 24

In vivo experiment with L.1210 tumor model

6-MP and pro-drug forms of 6-MP were screened for in vivo activity against the murine
leukemia cell line L1210/0 (mouse, lymphocytic leukemia). The cell line was obtained
from Southern Research Institute (Birmingham, Alabama) and grown in DMEM
supplemented with 10% horse serum. L1210/0 cells were subcultured two times per week
and log phase cultures (viability > 95%) were used for all in vivo experiments. Female
CD2F1 mice (Taconic Farms, Germantown , NY) at 7 - 8 weeks of age were used for
study. Following one week of acclimation, mice were implanted 1.p. with L1210/0 cells (5
x 10° cells/mouse) at designated day 0. The mice were randomly assigned to experimental
groups (8-10/group). The groups included control, 6-MP and PEG-6-MP conjugates. 6-
MP was solubilized in 3% DMSO and suspended in intralipid and administered Q2d x 6,
IP. PEG-6-MP was dissolved in in phosphate buffer (pH 5.8) and administered Q4d x 3,
IV. Control groups received vehicle (intralipid or phosphate buffer). The mice were

monitored for up to 40 days, and the treatment was evaluated as percentage of increase in

life span (ILS).

4
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Reéu!ts

The PEG-6-MP conjugate (31a) showed significantly (P<0.05) greater survival in this
ascites model (Table 3) than both vehicle control and the 6-MP matched dose equivalent.

Table 3. Efficacy Comparison of PEG-6MP Analog Against a Murine Leukemia
(L1210/0) Ascites Model

%ILS?
31.8
240 52.5%

Compound Total Dose (mg/kg)

6-MP (1)

N
\O

I S
Pk Poward
- e m

27.4
70.2*%+
48.1*
54.7*

3lc
31le

(S
(S

* Percent increase in life span (%ILS) was calculated from the quotient of the treatment group mean
survival divided by the control group mean survival [(T/C-1) x 100].

* Significant (P<0.05) vs. untreated control group.

+ Significant (P<0.05) vs. 6-MP matched treatment.
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WHAT IS CLAIMED IS :

1. A compound of Formula (Ib)

(Ib)
R>
R,—%cl;jr(m - C—-—Nﬁ{ }70———53
fl?;; m R5 W
wherein:

R 1s a polymeric residue having an average molecular weight of from about 2,000 to

about 100,000;
Y[ 1S O, S or NR[(};
M i1s 0, S or NR“;

E] 1S
R?
—€ 90_01

FE>4 are independently H, E, or

(a) 1s zero or one;

(m) 1s zero or a positive integer;

9
c-------------D2
(W) 1S Zero or one;

(n) and (p) are independently zero or a positive integer;

Y,.3 are independently O, S or NR;s;
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R,.;; and R, are independently selected from the group consisting of hydrogen, Cy.¢
alkyls, Cs.12 branched alkyls, Cs.g cycloalkyls, C;.¢ substituted alkyls, C;_g substituted cycloalkyls,
aryls, substituted aryls, aralkyls, C;.¢ heteroalkyls, substituted C,.¢ heteroalkyls, Cj.6 alkoxy,
phenoxy and C,_¢ heteroalkoxy;

D, and D, are independently OH,

(IV)
|Y|4 IT13
—""'"""""'N L1 L C"""_Y5 Ar C i B1
V t |
R4 Ri4
(V)
|Y|4 T’IS
— N L | C—Y; Ar C—B,
V t |
R12 R14
or
(VD)
E36
Tss |
R4 R's Essg :
wherein:

R’; and R’5 are independently selected from the group consisting of hydrogen, C,. alkyls,
C;.12 branched alkyls, Cs.g cycloalkyls, Cy.¢ substituted alkyls, Cs.g substituted cycloalkyls, aryls,
substituted aryls, aralkyls, C,.¢ heteroalkyls, substituted C.¢ heteroalkyls, C,.¢ alkoxy, phenoxy

and C,_¢ heteroalkoxy;

E35 1S
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E36.38 1s are independently H, E3s or

D’ and D’, are independently OH,

(1V)
|Y|4 T13
—N L L C—Ys Ar C—B;
Y t ‘
R12 R14
(V)
ﬁ4 T13
- L | C-—-—-—YS Ar C_82
| L) |
R12 R14 . Or
(VII)

Ru4 Ru5 E48
whereln

R”; and R”5 are independently selected from the group consisting of hydrogen,

Ci alkyls, Cs_1, branched alkyls, Cs_g cycloalkyls, C,.¢ substituted alkyls, Cs_g substituted
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cycloalkyls, aryls, substituted aryls, aralkyls, C;.¢ heteroalkyls, substituted C.s
heteroalkyls, C,.¢ alkoxy, phenoxy and C,.¢ heteroalkoxy;

E46.38 18 are independently H, E45 or

D”, and D”, are independently OH,

E45 1S

formula (IV)
Y, Ri3
—-—N—{~ L%L |C1—Y5 Ar C|)——B1
Vv { ‘
Rqs R4 or
formula (V)
Ya R13
l
———N—{ L%TL_ Ic—Y5 Ar (IJ——-Bz
\Y; t |
Ri2 R14

(v) and (t) are independently O or 1;

L, and L, are independently heterobifunctional linkers;

Y 4.5 are independently selected from the group consisting of O, S and NR¢;
R2-14 and R4 are independently selected from the group consisting of hydrogen,

Ci.¢ alkyls, Cs.12 branched alkyls, C;.g cycloalkyls, C;_¢ substituted alkyls, C;_g substituted
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cycloalkyls, aryls, substituted aryls, aralkyls, C;¢ heteroalkyls, substituted C; .4
heteroalkyls, C,.¢ alkoxy, phenoxy and C;_¢ heteroalkoxy;

Ar 1s a moiety which when included in Formula (Ib) forms a multisubstituted
aromatic hydrocarbon or a multi-substituted heterocyclic group; and

B, and B, are independently selected from among OH, and residues of sulthydryl-
containing moieties

provided that (w) 1s not zero,

=
_g.__c;;__E?)

when E4+  is-CH,COOH.

2. The compound of claim 1, wherein a terminal end of R; further comprises a capping

group Z, which 1s selected from the group consisting of hydrogen, NH,, OH, CO,H, C, ¢

moileties,
(la'))  E;-
and
(Ib’)
=
| E; rl1 R2
N
o |
£, Rs R4 Ry Jm

wherein all variables are as previously defined.

3. A compound of claim 2, of the formula:

(I1Ib)
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E2 E2

| |
E3—C‘)—C|)—N—C ~{— jr C—N-—(|3—(|3-——E3 '
Es Rs R3 Ry Rs Ey4
4, The compound of claim 1, wherein Y;-Ys are each O.
5. The compound of claim 1, wherein R; comprises a polyalkylene oxide residue.
6. The compound of claim 5, wherein R comprises a polyethylene glycol residue.
7. The compound of claim 1, wherein R, is selected from the group consisting of:

-C(=Y’)-(CH2)n3-O-(CH,CH;O)x-A,
-C(=Y’)-Y”-(CH3)n3-O-(CH,CH,0)4-A», and
C(=Y’)-NR’¢-(CH3)n3-O-(CH,CH,O)«-Ao,
wherein:
x 18 the degree of polymerization;
n3 is zero, or a positive integer;
R’¢ 1s selected from the group which defines Rg;
Y’ and Y are independently O or S;
A 1s a capping group

8. The compound of claim 7, wherein R comprises -O-(CH,CH,0), and x is a positive

integer so that the weight average molecular weight is at least about 20,000.

9. The compound of claim 1, wherein R has a weight average molecular weight of from

about 5,000 to about 50,000.
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10.  The compound of claim 1, wherein B, and B, are independently selected residues of

SH-containing moieties.

11.  The compound of claim 10, wherein said SH-containing moieties are selected from the

group consisting of penicillamine, 2-thiouracil, captopril, tiopronin, thiopental sodium, and

N ;\S
NZ | x3>
R31/I\N N

Rso

wherein

R3p 1s one of H, a C_¢ alkyl, alkoxy, or a carbohydrate of the formula:

R34
R36
R33 R35

wherein R3,.3¢ are independently selected from the group consisting of
alkoxy, OR37, H, OH, N3, NHR33, NO,, CN, fluoro, chloro, bromo, and 10do,
wherein R37.33 are independently selected from the group consisting of
hydrogen, C,.¢ alkyls, Cs.;> branched alkyls, C;_g cycloalkyls, C,_¢ substituted
alkyls, C;.g substituted cycloalkyls, aryls, halo, substituted aryls, aralkyls, C
heteroalkyls and substituted C,_¢ heteroalkyls;
R311s H or NH»; and
X31s CH or N.

12. The compound of claim 1, wherein L, 1s (CH,CH,0)s.
13.  The compound of claim 1, wherein L, is selected from the group consisting of

-CH,-, -CH(CH3)-, -CH[CH,CH(CHj3),]-, -CH,C(O)NHCH(CHj3)-, ~(CH,),-, -CH, C(O)NHCH,-,
-CHC(O)NHCH[CH,CH(CHj;)]-, (CH;),-NH- and -(CH,),-NH-C(O)(CH,),NH-.
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A compound of claim 2, selected from the group consisting of:

O O
O D O D
R1\/l‘LN O R1\/\O)J\N O
H D | H D |
O
7 H O D
O
\”/\R1\/LLN O
D O H A
O
O
D
H O 0 )
D O H 5
O
O
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D O
O D
ﬁ O D
NH O
O O
D O
UHN
O NH O HN O
D H O N O D
PN e "SNP 70
D HN Dﬂo

wherein R 1s a straight or branched residue of a water soluble polymer and D is selected

from the group comprising:

o

o HN
-NH’<\/ }‘/M\N H By
2 H | NH O |
N 0 HN
O > § B,
B, ‘NHf\/ }‘/U\N O
’NHﬁO | > H

0 /O/\e” o HN
‘NH B+
o H 2 H
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0 B,
O 0
H B1 -NH/<\/ }‘/M\O
‘NH O 2 ,

?

Sok
O O
O
'NH<\/O>\/\N/U\O -NH’<\/ }/\N‘<_|‘/|N_< B1
2 H 2 i O ,

O B
O B4 1
HN€\/O>~/\N’|L0/©/\ N © N)LO
- » H H > H
/ (\/\o)’\ﬂ/ N N N
2 0O H H
O /Ej\81 0 O/\B1
H H H
/HNf/\O)z\IrN\)J\N /N(\/\O),\H,NW/LKN
2 0O H 2 0O H

wherein B, are residues of a SH-containing moiety.
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15.  Use of a compound as defined any one of claims 1-14 to prepare a prodrug of a

medicament to enhance delivery of the medicament to an animal.

16.  The use of claim 17 wherein the compound as defined in any one of claims 1-14 is thiol-

linked to the medicament.

17.  Use of a compound as defined in claim 2 to prepare a prodrug of a medicament to

enhance delivery of the medicament to an animal wherein B and B, are residues of a

biologically active moiety.

18.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a

medicament to enhance delivery of the medicament to an animal to treat neoplastic disease.

19.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a

medicament to enhance delivery of the medicament to an animal to reduce tumor burden.

20.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a
medicament to enhance delivery of the medicament to an animal to prevent metastasis of

neoplasms.

21.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug ot a

medicament to enhance delivery of the medicament to an animal to prevent the recurrence of

tumor growths.
22.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a

medicament to enhance delivery of the medicament to an animal to prevent the recurrence of

neoplastic growths.
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23.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a
medicament to enhance delivery of the medicament to an animal to treat or modulate abnormal

cell growth.

24.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a
medicament to enhance delivery of the medicament to an animal to treat or modulate

autoimmune diseases.

25.  Use of a compound as defined in any one of claims 1-14 to prepare a prodrug of a

medicament to enhance delivery of the medicament to an animal to treat or modulate multiple

sclerosis.
26.  The compound of claim 1, wherein R; 1s a water soluble polymer.
27. The compound of claim 1, wherein w is not zero when E,4 are each H, and D, and D, are

both not simultaneously OH.
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 6

A. Dimeric conjugates.
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