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Background of the Invention [0001] The physiological and clinical effects of
inhibitors of cyclic guanosine  3',5'-monophosphate specific
phosphodiesterase (cGMP-specific PDE) suggest that such  inhibitors have
utility in a variety of disease states in which modulation of smooth
muscle, renal, hemostatic, inflammatory, and/or endocrine function is
desired. Type 5  cGMP-specific phosphodiesterase (PDE5) is the major cGMP
hydrolyzing enzyme in  vascular smooth muscle. Thus, an inhibitor of PDE5
may be indicated in the treatment of  cardiovascular disorders, including
but not limited to hypertension, cerebrovascular  disorders, and disorders
of the urogenital system, particularly erectile disfunction. [0002]
Pharmaceutical products that provide selective inhibition of PDE5 are
currently available. Vardenafil, marketed under the trade name Levitre is a
potent and  selective inhibitor of PDE5 and is currently indicated for the
treatment of erectile  dysfunction. There is a present need to improve the
phannacokinetic properties of PDE5  inhibitors. [0003] The development of a
new pharmaceutical agent requires careful  optimization of the chemical and
biological properties of a lead compound. For example,  a successful drug
candidate must be safe and effective for its intended use. Further, the
compound must possess desired pharmacokinetic and pharmacodynamic profiles.
This  arduous development process usually requires extensive
experimentation. In many cases,  the process for determining the optimal
compound can often require preparation of  thousands of structurally similar
compounds. [0004] Among the properties that can limit the utility of a
potential  pharmaceutical agent is the degree to which the compound is
complexed to proteins in  vivo. If a high percentage of the compound present
in vivo is non-specifically bound, for  example by components of blood and
blood plasma, this leaves only a very small amount  of free compound
available to tissue to perform its therapeutic function. Thus, binding of 1
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the compound to various proteins and other plasma components may require an
unacceptably large dosage of compound to achieve the desired therapeutic
effect.  [0005) Traditional approaches have sought to alter pharmacokinetic
properties  [0006) Pegylation, the process of the conjugating or linking of
biomolecules and  drug delivery systems, e.g. liposomes, proteins, enzymes,
drugs, nanoparticles, with  polyethylene glycol, is a known method for
altering pharmacokinetics by improving the  circulating half-life of protein
and liposomal pharmaceuticals. (See, Bhadra et al.  Pharmazie 2002 Jan;
5791):5-29) Pegylayted drugs have a large molecular weight  polyethylene
glycol (PEG) shell around the drug which protects the drug from enzymatic
degradation, and allows the drug to cross the gut, i.e. provides oral
availability and also  acts as a shield to prevent recognition of the
pegylated drug by cells of the immune  system and protects the drug from
renal clearance. (see, Molineux, Cancer Treat Rev.  2002 Apr, 28 Suppl
A:13-16) As a result, pegylated proteins, for example, have improved
pharmacokinetics due to decreased hydrolysis and a longer circulating
half-life.  Anticancer agents have a suboptimal phannacokinetic profile that
requires prolonged or  repetitive administration of the drug. Pegylated
anticancer agents, e.g. pegfilgrastim, a  pegylated filgrastim, have been
shown to maintain drug efficacy and patient tolerability  that are at least
equivalent to those of unmodified filgrastim with only one administration
per chemotherapy cycle. (see, Crawford, Cancer Treat Rev. 2002 Apr; 28 Suppl
A:7-1 1)  Pegylated liposomal doxorubicin, another chemotherapeutic agent,
has been found to be  more effective and less cardiotoxic than the
unpegylated or liposome-encapsulated  doxorubicin. (See, Crawford, 2002) In
addition to improved pharmacokinetics, pegylated  drugs permit reduced
dosing schedules, e.g. a fixed dose rather than a weight based dose.  (See,
Yowell and Blackwell, Cancer Treat Rev. 2002 Apr; 28 Suppl A:3-6) Since the
PEG size, its geometry and attachment site of the pegylated therapeutic
agent, e.g.  proteins, determine the drug pharmacokinetics, therapeutic
agents must be designed on a  protein-by-protein basis. (See, Harris et al.
Clin. Pharmacokinet. 2001, 40(7):539-551) A  shortcoming of pegylated agents
is potential reduced drug activity at the target site due to  steric
hindrance of the large PEG molecule. PEG molecule size is more of a concern
in  small molecules than with proteins. 



2 WO 2006/089276 PCT/US2006/006048  Summary of the Invention [0007) The
present invention relates to 2-phenyl substituted imidazotriazinone
compounds with a sarcosine functional group having improved non-specific
binding  characteristics and pharmacokinetic properties. The sarcosine unit
serves to decrease  protein binding, thereby increasing the amount of free
form of the compound. The  functional residues which are attached to a
compound differ in their chemical structure  from the groups used in PEG
techniques, e.g. the functional residue may be an ethylene  glycol
derivative, the functional residues are of a significantly smaller molecular
weight,  e.g. approximately MW of 100 daltons compared to 5000 daltons or
more used in  standard pegylation. Accordingly, the chemical or biological
activity of compounds  comprising the functional residues of the present
invention is not altered due to less steric  hindrance and greater drug
accessibility to the target site(s) of the compound. 100081 A compound of
formula A having improved non-specific binding  characteristics and
pharmacokinetic properties is provided: O R2  Rt ~O HN ~\ N  J NY \ `N < k'd
R3 (A) or pharmaceutically acceptable salt, stereoisomer, or hydrate
thereof, wherein  Rl is lower alkyl; R2 and R3 are independently selected
from lower alkyl, and lower alkenyl and lower  alkynyl, wherein the lower
alkyl, lower alkenyl, and lower alkynyl may be optionally  substituted with
one or more halogen, lower alkoxy, hydroxy, CN, NO2, amino,  acylamino,
amido, carbonyl, and alkylthio; A is N or C-H; 



B is N, C-H, C-(SO2-R4), or C-CO-R4;  D is N, C-H, C-(SO2-R4) or C-CO-R4;  E
is N or C-H; wherein only one of A, B or E may be N, and one of B or D is
C-(SOZ-R4) or  C-CO-R4; R4 is a group having the formula: 3 WO 2006/089276
PCTIUS2006/006048  TN' (CR6R7)R ZIP R9 m RB (C) in which each R5, R6, R7 and
Rs are independently selected from H and lower alkyl,  wherein the lower
alkyl may be optionally substituted with one or more halogen, lower  alkoxy,
hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio; and
additionally or alternatively R6 and R5 together form a 5- or 6-membered
ring, or R6 and  R7 together form a 3 to 6 membered ring; R9 is
independently selected from H and lower  alkyl, wherein the lower alkyl may
be optionally substituted with one or more halogen,  lower alkoxy, hydroxy,
CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio;  alternatively R8
and R9 together with the nitrogen to which they are attached form a 5- or
6-membered ring; n is 1 to 4; and in is 1 to 6. [0009] In a preferred
embodiment of the present invention, there is provided a  compound of the
formula Al 0 R2  R 1~O HN i N  N-N(  R3 SO2- (A) or pharmaceutically
acceptable salt, stereoisomer, or hydrate thereof, wherein  Rl is lower
alkyl; 



R2 and R3 are independently selected from lower alkyl, and lower alkenyl and
lower  alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl
may be optionally  substituted with one or more halogen, lower alkoxy,
hydroxy, CN, NO2, amino,  acylamino, amido, carbonyl, and alkylthio; R4 is a
group having the formula: N- (CR6R7)"- N- R9 m Rg (C)  4 WO 2006/089276
PCT/US2006/006048  in which each R5, R6, R7 and Rs are independently
selected from H and lower alkyl,  wherein the lower alkyl may be optionally
substituted with one or more halogen, lower  alkoxy, hydroxy, CN, NO2,
amino, acylamino, amido, carbonyl, and alkylthio; and  additionally or
alternatively R6 and R5 together form a 5- or 6-membered ring, or R6 and  R7
together form a 3 to 6 membered ring; R9 is independently selected from H
and lower  alkyl, wherein the lower alkyl may be optionally substituted with
one or more halogen,  lower alkoxy, hydroxy, CN, NO2, amino, acylamino,
amido, carbonyl, and alkylthio;  alternatively R8 and R9 together with the
nitrogen to which they are attached form a 5- or  6-membered ring; n is i to
4; and m is 1 to 6. [00101 In preferred embodiments of the compounds of the
formula A', m is 1 or 2.  In further preferred embodiments, n is 1. (00111
In another preferred embodiment of the present invention, there is  provided
a compound of the formula B: Ixo  ~0 HN- ~,i~N  t \ \N'~ 802-R4  wherein R4
is as described above for the compound of formula A'. [00121 In another
preferred embodiment of the present invention, there is  provided a compound
having the formula: 0 R2  



R~ 0 HN i N  WN  R3 R5 OI'  02-N , R9  R6 R7  wherein, R', R2, R3 R5, R6,
R7, Rs and R9 are as defined above for a compound of formula A.  5 WO
2006/089276 PCT/US2006/006048  [0013] In another preferred embodiment of the
present invention, there is  provided a compound having the formula: 0 R2
R1 '-O HN i  N ,N  CH3 0 02-k ~L ~CH3  ~ CH3  wherein, R', R2 and R3 are
independently selected from H and lower alkyl, wherein the lower  alkyl may
be optionally substituted with one or more halogen, lower alkoxy, hydroxy,
CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio. [0014] In another
preferred embodiment of the present invention, there is  provided a compound
having the formula: 0 R2  R1 ~1O HN i N  R3  



R5 O R10 R11 R12 02-N RB  RS R* R3 wherein,  R1 is lower alkyl; R2 and R3
are independently selected from lower alkyl, and lower alkenyl and  lower
alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl may be
optionally substituted with one or more halogen, lower alkoxy, hydroxy, CN,
NO2, amino, acylamino, amido, carbonyl, and alkylthio; R5, R6, R7, R8, R9,
R10, R" and W2 are independently selected from H and lower  alkyl, wherein
the lower alkyl may be optionally substituted with one or more  halogen,
lower alkoxy, hydroxy, CN, NO2, amino, acylamino, amido, carbonyl,  and
alkylthio; 6 WO 2006/089276 PCT/US2006/006048  and additionally or
alternatively R and R5, or Rs and R10 together form a 5- or 6- membered
ring, or R6 and R7, or R10 and Rl1 together form a 3 to 6 membered ring;
and R9 and R12 together with the nitrogen to which they are attached form a
5- or 6- membered ring. [0015] In another preferred embodiment of the
present invention, there is  provided a compound having the formula: 0 R2  R
O HN i N  N'N-_f  R3  R5 0 R12 Or Re  



RB wherein,  R', R2, R3 R5, Rs, R9 and R1Z are as defined above. [0016] In
another preferred embodiment of the present invention, there is  provided a
compound having the formula: 0 R2  R' O HN i N  VN R3 CH, O CH3  CH3  CH3
wherein,  R1 is lower alkyl; and R2 and R3 are independently selected from
lower alkyl, and lower alkenyl and lower  alkynyl, wherein the lower alkyl,
lower alkenyl, and lower alkynyl may be optionally  substituted with one or
more halogen, lower alkoxy, hydroxy, CN, NO2, amino,  acylamino, amido,
carbonyl, and alkylthio. 7 WO 20061089276 PCT/US20061006048  [0017] In
another preferred embodiment of the present invention, there is  provided a
compound having the formula D: 0 R2  R1 ~O HN i N  N-N~ //77~~  I,E R3 (D)
or pharmaceutically acceptable salt, stereoisomer, or hydrate thereof,
wherein:  Rl is lower alkyl; 



R2 and R3 are independently selected from lower alkyl, and lower alkenyl and
lower  alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl
may be optionally  substituted with one or more halogen, lower alkoxy,
hydroxy, CN, NO2, amino,  acylamino, amido, carbonyl, and alkylthio; A is N
or C-H; B is N, C-H, C-(SO2-NH-R13), or C-CO-NH-RI3;  D is N, C-H,
C-(SO2-NH-R13) or C-CO-NH-R13;  E is N or C-H; wherein only one of A, B or E
may be N, and one of B or D is C-(SO2-NH-R13) or  C-CO-NH-R13; R13 is lower
alkyl. [0018] In preferred embodiments of the compounds of the formula D,
R13 is  methyl. [0019] In another preferred embodiments of the compounds of
the formula D, R2  and R3 are independently selected from lower alkyl.
[0020] In another preferred embodiment of the present invention, there is
provided a compound having the formula DI : 8 WO 2006/089276
PCT/US2006/006048  O R2 R '-O HN \N~N~  R3  R1' 02--NH (Dl)  or
pharmaceutically acceptable salt, stereoisomer, or hydrate thereof, wherein
Rl is lower alkyl; R2 and R3 are independently selected from lower alkyl,
and lower alkenyl and lower  



alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl may be
optionally  substituted with one or more halogen, lower alkoxy, hydroxy, CN,
NO2, amino,  acylamino, amido, carbonyl, and alkylthio; and R13 is selected
from lower alkyl. [0021] In preferred embodiments of the compounds of the
formula D1, R13 is  methyl. In further preferred embodiments, R2 and R3 are
independently selected from  lower alkyl. [0022] The present invention
includes pharmaceutical compositions comprising  the compounds of the
invention and a pharmaceutically acceptable carrier and/or diluents.  [0023]
The present invention includes pharmaceutical compositions comprising a
substantially pure compound of the invention, or a pharmaceutically
acceptable salt,  stereoisomer, or hydrate thereof, and a pharmaceutically
acceptable excipient and/or  diluents. [0024] The present invention also
includes methods of treating erectile  dysfunction, comprising administering
to a human or animal an effective amount of  compounds of the invention. 9
WO 2006/089276 PCTIUS2006/006048  Description of Drawings 100251 Figure 1
shows various compounds that represent embodiment of the  present invention.
[0026] Figure 2 shows various compounds that represent embodiment of the
present invention. [0027] Figure 3 shows the known compound vardenafil.
Detailed Description [0028] The compounds of the invention provide improved
pharmacokinetic  properties over the prior 2-phenyl substituted
imidazoloatriazinone compounds by  modifying the non-specific in vivo
protein binding of the compounds. The pharmacokinetically improved compounds
of the invention preferably allow a minimum  effective amount of the
compound to be administered to achieve the desired therapeutic  



effect of the unbound compound, thereby reducing the dosage amount (and may
improve  patient compliance). [0029] In one embodiment, the present
invention provides a compound of the  formula A: 0 R2  R "O HN N  A~~N / (A)
or pharmaceutically acceptable salt, stereoisomer, or hydrate thereof,
wherein  R1 is lower alkyl; R2 and R3 are independently selected from lower
alkyl, and lower alkenyl and lower  alkynyl, wherein the lower alkyl, lower
alkenyl, and lower alkynyl may be optionally  substituted with one or more
halogen, lower alkoxy, hydroxy, CN, NO2, amino,  acylamino, amido, carbonyl,
and alkylthio; A is N or C-H; B is N, C-H, C-(S02-R4), or C-CO-R4; 10 WO
2006/089276 PCT/US2006/006048  D is N, C-H, C-(SO2-R4) or C-CO-R4; E is N or
C-H; wherein only one of A, B or E may be N, and one of B or D is C-(S02-R4)
or  C-CO-R4; R4 is a group having the formula: (CR6R7),, i - R9 M R8 (C) in
which each R5, R6, R7 and R8 are independently selected from H and lower
alkyl,  wherein the lower alkyl may be optionally substituted with one or
more halogen, lower  alkoxy, hydroxy, CN, NO2, amino, acylamino, amido,
carbonyl, and alkylthio; and  additionally or alternatively R6 and R5
together form a 5- or 6-membered ring, or R6 and  



R7 together form a 3 to 6 membered ring; R9 is independently selected from H
and lower  alkyl, wherein the lower alkyl may be optionally substituted with
one or more halogen,  lower alkoxy, hydroxy, CN, NO2, amino, acylamino,
amido, carbonyl, and alkylthio;  alternatively R8 and R9 together with the
nitrogen to which they are attached form a 5- or  6-membered ring; n is I to
4; and in is 1 to 6. In a preferred embodiment, R2 and R3 are  independently
selected from lower alkyl. [0030] It is believed that the group having the
formula C modulates the  pharmacokinetic and/or pharmacodynamic profile of
the compound and may result in  improved pharmacokinetic properties compared
to the unmodified, i.e. parent compound.  In certain embodiments, R4 is an
active agent having improved physicochemical  properties, pharmacokinetics,
metabolism, or toxicity profile. In a preferred embodiment,  the active
agent has superior solubility, lower IC50, and/or is substantially less
protein  bound in vivo compared to the compound lacking the at least one
functional residue.  100311 Preferably, the compounds of the invention
include but are not limited to  inhibitors and activators of proteins and
enzymes (e.g., phosphodiesterases such as PDE5,  PDE1, PDE3 and PDE6,
kinases, growth factor receptors, and proteases). In an  embodiment of the
present invention, a compound comprising at least one functional 11 WO
20061084276 PCT/US2006/006048  residue, which is a sarcosine derivative, is
provided. In a preferred embodiment, the  sarcosine derivative has the
formula: Ris {I  N-(C 7). ; -Ri Ifl R8 wherein each R is hydrogen or a
substituted or unsubstituted lower alkyl group.  Preferably, sarcosine or a
sarcosine residue is attached to a compound by a covalent bond  to the
N-terminal nitrogen atom of the sarcosine residue or oligomer. [00321 In a
preferred embodiment of the present invention, there is provided a  compound
of the formula A' 0 02  



R %o HN IN R;  S02-R4 (A')  or pharmaceutically acceptable salt,
stereoisomer, or hydrate thereof, wherein  R' is lower alkyl; R2 and R3 are
independently selected from lower alkyl, and lower alkenyl and lower
alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl may be
optionally  substituted with one or more halogen, lower alkoxy, hydroxy, CN,
NO2, amino,  acylamino, amido, carbonyl, and alkylthio; R4 is a group having
the formula: RS II  Ill-(CR6R7), C R9 ,, Rs (C) in which each R5, R6, R7 and
Rs are independently selected from H and lower alkyl,  wherein the lower
alkyl may be optionally substituted with one or more halogen, lower  alkoxy,
hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio; and 12
WO 2006/089276 PCT/US2006/006048  additionally or alternatively R6 and R5
together form a 5- or 6-membered ring, or R6 and  R7 together form a 3 to 6
membered ring; R9 is independently selected from H and lower  alkyl, wherein
the lower alkyl may be optionally substituted with one or more halogen,
lower alkoxy, hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and
alkylthio;  alternatively R8 and R9 together with the nitrogen to which they
are attached form a 5- or  6-membered ring; it is 1 to 4; and in is 1 to 6.
[0033] In one embodiment, the compound has the following formula:  0  Rz  R 



"O HN \ \'N ,  N N  R3 R6 O'  Ox-Ni x Rs  /Y\ \ R6 R7 Re in which each R5,
R6, R7 and R8 are independently selected from H and lower alkyl,  wherein
the lower alkyl may be optionally substituted with one or more halogen,
lower  alkoxy, hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and
alkylthio; and  additionally or alternatively R6 and RS together form a 5-
or 6-membered ring, or R6 and  R7 together form a 3 to 6 membered ring; R9
is independently selected from H and lower  alkyl, wherein the lower alkyl
may be optionally substituted with one or more halogen,  lower alkoxy,
hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio;
alternatively Rs and R9 together with the nitrogen to which they are
attached form a 5- or  6-membered ring. [0034] Preferably, the functional
group attached to the sulfonyl group is a  sarcosine derivative or oligomer.
A preferred embodiment has the formula: O 2  R  R 'O HN N  R3  CH3 0
O2-fy,/\ 'rCH,  63  13 WO 2006/089276 PCTIUS2006/006048  in which R', RZ and
R3 are as defined above for compound A. 



[00351 In a most preferred embodiment, the scaffold or backbone may be a
PDES  inhibitor having the formula (B): I` 0  0 HN}I' 1~  N/I  S02- R^ (B)
wherein R4 represents at least one functional residue which replaces the
original  piperazine by attachment to the sulfur of the parent compound by
covalent bonding.  [00361 In compound A, Al or B, R4 may be a compound
having the formula C: R~ II (CR6R7)n i R9 m RS (C) wherein each R5, R6, R7
and R8 are independently selected from H and lower alkyl,  wherein the lower
alkyl may be optionally substituted with one or more halogen, lower  alkoxy,
hydroxy, CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio; and
additionally or alternatively R6 and RS together form a 5- or 6-membered
ring, or R6 and  R7 together form a 3 to 6 membered ring; R9 is
independently selected from H and lower  alkyl, wherein the lower alkyl may
be optionally substituted with one or more halogen,  lower alkoxy, hydroxy,
CN, NO2, amino, acylamino, amido, carbonyl, and alkylthio;  alternatively R$
and R9 together with the nitrogen to which they are attached form a 5- or
6-membered ring; n is I to 4; and in is I to 6. 100371 In a preferred
embodiment, R4 is methyl-amino-dimethylacetamide, to  give a compound having
the formula I: 14 WO 20061089276 PCTIUS2006/006048  O O US ~--- N'  IOI  



02S-N (I)  [0038] In another embodiment, R4 is methyl-alanine-dimethylamide,
to give a  compound having the formula II: Y  N-~ O  OZS-N N/ R  [0039] In
another embodiment, R4 is 2-methylamino-2-trimethyl-propionamide, to  give a
compound having the formula III: o 0  HN)~'  N-~N N O  OZS-N, u (nn [0040]
In other preferred embodiments, in is 1 or 2 for R4 (Formula C), which is
attached to Compound A. Preferably, n is 1. 15 WO 2006/089276
PCT/US2006/006048  [0041] In a further embodiment, the compound has the
following formula: 0 R2  R'~O HN i N  N/ Ra  RS O R1 R11 Rig  Oz, -N R6 R7
Re in which R2, R3 are as defined above for compound A; 



R5, R6, R7, Rs, R9, Rt, R"'and R12 are independently selected from H and
lower alkyl,  wherein the lower alkyl may be optionally substituted with one
or more halogen, lower  alkoxy, hydroxy, CN, NO2, amino, acylamino, amido,
carbonyl, and alkylthio; and  additionally or alternatively R6 and R5, or R8
and R10 together form a 5- or 6-membered  ring, or R6 and R7, or R10 and R'
I together form a 3 to 6 membered ring; and R9 and Rig  together with the
nitrogen to which they are attached form a 5- or 6-membered ring.  [0042]
For the above embodiment, preferably, R6, R7, R10, and Rl' are each
hydrogen. More preferably, a sarcosine dimer is attached to the sulfonyl
group, and the  compound has the formula: 0 R2  R1~10 HN \ ~N' N~  R3  CH3 O
CH3 Or I ~CH3  6H, 8 in which R', R2 and R3 are as defined above for
compound A. In particularly preferred  embodiments, R' is ethyl, R2 is
methyl, and R' is propyl. [0043] The term "heteroatom" as used herein means
an atom of any element other  than carbon or hydrogen. Preferred heteroatoms
are boron, nitrogen, oxygen, phosphorus,  sulfur and selenium. Most
preferred are nitrogen or oxygen. 16 WO 2006/089276 PCTIUS2006/006048
[0044] The term "alkyl' refers to the radical of saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain alkyl groups,
cycloalkyl (alicyclic)  groups, alkyl substituted cycloalkyl groups, and
cycloalkyl substituted alkyl groups. In  preferred embodiments, a straight
chain or branched chain alkyl has 30 or fewer carbon  atoms in its backbone
(e.g., Cl-C30 for straight chain, C3-C30 for branched chain), and  more
preferably 20 or fewer. Likewise, preferred cycloalkyls have from 3-10
carbon  



atoms in their ring structure, and more preferably have 5, 6 or 7 carbons in
the ring  structure. [0045] Unless the number of carbons is otherwise
specified, "lower alkyl" as used  herein means an alkyl group, as defined
above, but having from one to ten carbons, and  more preferably from one to
six carbon atoms in its backbone structure. Likewise, "lower  alkenyl" and
"lower alkynyl" have similar chain lengths. Preferred alkyl groups are lower
alkyls. In preferred embodiments, a substituent designated herein as alkyl
is a lower  alkyl. [0046] The term "aralkyl", as used herein, refers to an
alkyl group substituted with  an aryl group (e.g., an aromatic or
heteroaromatic group). [0047] The terms "alkenyl' and "alkynyl" refer to
unsaturated aliphatic groups  analogous in length and possible substitution
to the alkyls described above, but that  contain at least one double or
triple bond respectively. [0048] The term "aryl" as used herein includes 5-
and 6-membered single-ring  aromatic groups that may include from zero to
four heteroatoms, for example, benzene,  pyrene, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, triazole, pyrazole,  pyridine, pyrazine,
pyridazine and pyrimidine, and the like. Those aryl groups having
heteroatoms in the ring structure may also be referred to as "aryl
heterocycles" or  "heteroaromatics." The aromatic ring can be substituted at
one or more ring positions  with such substituents as described above, for
example, halogen, azide, alkyl, aralkyl,  alkenyl, alkynyl, cycloalkyl,
hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, amido,  phosphonate,
phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,
sulfonamido, ketone, aldehyde, ester, heterocyclyl, aromatic or
heteroaromatic moieties, - CF3, -CN, or the like. The term "aryl" also
includes polycyclic ring systems having two 17 WO 2006/089276
PCT/US2006/006048  or more cyclic rings in which two or more carbons are
common to two adjoining rings  (the rings are "fused rings") wherein at
least one of the rings is aromatic, e.g., the other  cyclic rings can be
cycloalkyls, cycloalkenyls, aryls and/or heterocyclic groups. [0049] The
terms "heterocyclyl" or "heterocyclic group" refer to 3- to 10- 



membered ring structures, more preferably 5- or 6-membered rings, whose ring
structures  include one to four heteroatoms. Heterocycles can also be
polycycles. Heterocyclic  groups include, for example, thiophene,
thianthrene, furan, pyran, isobenzofuran,  chromene, xanthene, phenoxathiin,
pyrrole, imidazole, pyrazole, isothiazole, isoxazole,  pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine,
quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine,
quinoxaline, quinazoline,  cinnoline, pteridine, carbazole, carboline,
phenanthridine, acridine, pyrimidine,  phenanthroline, phenazine,
phenarsazine, phenothiazine, furazan, phenoxazine,  pyrrolidine, oxolane,
thiolane, oxazole, piperidine, piperazine, morpholine, lactones,  lactams
such as azetidinones and pyrrolidinones, sultams, sultones, and the like.
The  heterocyclic ring can be substituted at one or more positions with such
substituents as  described above, as for example, halogen, alkyl, aralkyl,
alkenyl, alkynyl, cycloalkyl,  hydroxyl, amino, nitro, sulfhydryl, imino,
amido, phosphonate, phosphinate, carbonyl,  carboxyl, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an  aromatic
or heteroaromatic moiety, -CF3, -CN, or the like. [0050] The terms
"polycyclyl" or "polycyclic group" refer to two or more rings  (e.g.,
cycloalkyls, cycloalkenyls, aryls and/or heterocyclyls) in which two or more
carbons are common to two adjoining rings, e.g., the rings are "fused
rings". Rings that  are joined through non-adjacent atoms are termed
"bridged" rings. Each of the rings of  the polycyclic group can be
substituted with such substituents as described above, for  example,
halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino,
nitro,  suifhydryl, imino, amido, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, ether,  alkylthio, sulfonyl, ketone, aldehyde, ester, a
heterocyclyl, an aromatic or heteroaromatic  moiety, -CF3, -CN, or the like.
[0051] As used herein, the term "nitro" means -NO2; the term "halogen"
designates -F, -Cl, -Br or -I; the term "sulfhydryl" means -SH; the term
"hydroxyl" means  -OH; and the term "sulfonyl" means -SO2-. 18 WO
2006/089276 PCT/US2006/006048  [0052] The terms "amine" and "amino" are
art-recognized and refer to both  



unsubstituted and substituted amines, e.g., a moiety that can be represented
by the general  formula: R R  -N -IN-+--R'  'R, or  wherein R, R' and R"
each independently represent a group permitted by the rules of  valence,
preferably H, alkyl, alkenyl, alkynyl, aralkyl, aryl, and heterocyclic
groups.  [0053] The term "acylamino" is art-recognized and refers to a
moiety that can be  represented by the general formula: 0  -n LR'  wherein R
and R' are as defined above. [0054] The term "amido" is art recognized as an
amino-substituted carbonyl and  includes a moiety that can be represented by
the general formula: 0 R  N wherein It, R' are as defined above. Preferred
embodiments of the amide will not include  imides which may be unstable.
[0055] The term "alkylthio" refers to an alkyl group, as defined above,
having a  sulfur radical attached thereto. In preferred embodiments, the
"alkylthio" moiety is  represented by one of -S-alkyl, -S-alkenyl,
-S-alkynyl, and -S-(CH2)m-R'g, wherein in  and R'8 are defined above.
Representative alkylthio groups include methylthio, ethyl  thio, and the
like. [0056] The term "carbonyl" is art recognized and includes such
moieties as can be  represented by the general formula: 19 WO 2006/089276
PCT/US2006/006048  I70 0 



-X\ R X- R or  wherein X is a bond or represents an oxygen or a sulfur, and
R and R' are as defined  above. [0057] The terms "alkoxyl" or "alkoxy" as
used herein refers to an alkyl group, as  defined above, having an oxygen
radical attached thereto. Representative alkoxyl groups  include methoxy,
ethoxy, propyloxy, tert-butoxy and the like. [0058] The term "sulfonate" is
art recognized and includes a moiety that can be  represented by the general
formula: 0 II  -S-OR41  O in which R41 is an electron pair, hydrogen, alkyl,
cycloalkyl, or aryl. [0059] The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms
represent methyl, ethyl,  phenyl, trifluoromethanesulfonyl,
nonafluorobutanesulfonyl, p-toluenesulfonyl and  methanesulfony],
respectively. A more comprehensive list of the abbreviations utilized  by
organic chemists of ordinary skill in the art appears in the first issue of
each volume of  the Journal of Organic Chemistry; this list is typically
presented in a table entitled  Standard List of Abbreviations. The
abbreviations contained in said list, and all  abbreviations utilized by
organic chemists of ordinary skill in the art are hereby  incorporated by
reference. [0060] The term "sulfate" is art recognized and includes a moiety
that can be  represented by the general formula: 0  II  -0- II - OR41 0  in
which R41 is as defined above. 20 



WO 2006/089276 PCT[US2006/006048  100611 The term "sulfonylamino" is art
recognized and includes a moiety that can  be represented by the general
formula: 0  11  -N-S-R 10  R [0062] The term "sulfamoyl" is art-recognized
and includes a moiety that can be  represented by the general formula: 0  if
/R  S-N  O R [00631 The term "sulfonyl", as used herein, refers to a moiety
that can be  represented by the general formula: 0  11  -I-R44 in which R44
is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkkyl, heterocyclyl, aryl, or heteroaryl. [0064] The term "sulfoxido"
as used herein, refers to a moiety that can be  represented by the general
formula: 0  11  -S-R44 in which R44 is selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl,  cycloalkyl, heterocyclyl, aralkyl, or
aryl. [0065] A "selenoalkyl" refers to an alkyl group having a substituted
seleno group  attached thereto. Exemplary "selenoethers" which may be
substituted on the alkyl are  



selected from one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)m-R7,
in and R7  being defined above. 21 WO 2006/089276 PCT/US2006/006048  [0066]
Analogous substitutions can be made to alkenyl and alkynyl groups to
produce, for example, aminoalkenyls, aminoalkynyls, amidoalkenyls,
amidoalkynyls,  invnoalkenyls, iminoalkynyls, thioalkenyls, thioalkynyls,
carbonyl-substituted alkenyls or  alkynyls. [00671 As used herein, the
definition of each expression, e.g. alkyl, in, n, R, etc.,  when it occurs
more than once in any structure, is intended to be independent of its
definition elsewhere in the same structure. [00681 It will be understood
that "substitution" or "substituted with" includes the  implicit proviso
that such substitution is in accordance with permitted valence of the
substituted atom and the substituent, and that the substitution results in a
stable  compound, e.g., which does not spontaneously undergo transformation
such as by  rearrangement, cyclization, elimination, etc. [00691 As used
herein, the term "substituted" is contemplated to include all  permissible
substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and  heterocyclic, aromatic and nonaromatic substituents of
organic compounds. Illustrative  substituents include, for example, those
described herein above. The permissible  substituents can be one or more and
the same or different for appropriate organic  compounds. For purposes of
this invention, the heteroatoms such as nitrogen may have  hydrogen
substituents and/or any permissible substituents of organic compounds
described herein which satisfy the valences of the heteroatoms. This
invention is not  intended to be limited in any manner by the permissible
substituents of organic  compounds. [00701 The phrase "protecting group" as
used herein means temporary  substituents which protect a potentially
reactive functional group from undesired  chemical transformations. Examples
of such protecting groups include esters of  



carboxylic acids, silyl ethers of alcohols, and acetals and ketals of
aldehydes and ketones, respectively. The field of protecting group chemistry
has been reviewed (Greene, T.W.;  Wuts, P.G.NL Protective Groups in Organic
Synthesis, 2"d ed.; Wiley: New York, 1991).  22 WO 2006/089276
PCTIUS2006/006048  [00711 As used herein, the term "metabolite" refers to a
compound that has been  metabolized in the body. For example, an embodiment
of the invention, Compound 1  (Figure 2) is metabolized in the body to give
the metabolites shown in Figure 9. [00721 The present invention also
includes metabolites of any of the above  compounds. In one embodiment of
the invention, the metabolite may have a structure  represented by the
formula D: 0 R2  ''ISO HN N  6 N~ R3 (D)  wherein R1 is lower alkyl; R2 and
R3 are independently selected from lower alkyl, and lower alkenyl and lower
alkynyl, wherein the lower alkyl, lower alkenyl, and lower alkynyl may be
optionally  substituted with one or more halogen, lower alkoxy, hydroxy, CN,
NO2, amino,  acylamino, amido, carbonyl, and alkylthio; A is N or C-H; B is
N, C-H, C-(S02-NH-R13), or C-CO-NH-R13;  D is N, C-H, C-(SO2-NH-R13) or
C-CO-NH-R13;  E is N or C-H; wherein only one of A, B or E maybe N, and one
of B or D is C-(S02-NH-R13) or  C-CO-NH-R13; R13 is lower alkyl. (00731 In a
preferred embodiment, R2 and R3 are independently selected from  lower
alkyl. In a further preferred embodiment, R13 is methyl. 



[00741 Preferred metabolites include compounds having the formula D1:  23 WO
2006/089276 PCT/US2006/006048  0 Rz R'1~O HN i N  N`N,_f R3  IR%3 Or-NH /~
(D1)  wherein R1, R2 and R3 are as defined above for Compound A, and R13 is
selected from lower alkyl, preferably methyl. Preferred embodiments include
the compound of the  formula 0  o tug' Y\  MINI  02S-NH [0075] Compounds of
the Formula D and Dl, or pharmaceutically acceptable  salts, stereoisomers,
hydrates or prodrugs thereof, may be administered directly to a  patient.
Alternatively, compounds of the Formula D and D, maybe formed in the body
of the patient after the administration of a parent compound or prodrug.
Thus in one  embodiment, the invention is directed to methods for inhibiting
PDEs, particularly PDE5,  by administering to a human subject compounds of
the formula D or D1. A further  embodiment of the invention is directed to
methods for inhibiting PDEs, particularly  PDE5, by administering to a human
subject, a prodrug forms a compound of the formula  D or D1 in vivo, for
example, as a result of being metabolized. [0076] Table 1-3 summarizes
certain biological and pharmacological properties of  the above-described
modified compounds of A. Table 3 includes selectivity index against  several
PDEs. The protein binding, permeability, and solubility of the
above-described  



compounds are set forth in Table 2. [0077] Certain compounds of the present
invention may exist in particular  geometric or stereoisomeric forms. The
present invention contemplates all such  compounds, including cis- and
trans-isomers, R- and S-enantiomers, diastereomers, (D)- isomers,
(L)-isomers, the racemic mixtures thereof, and other mixtures thereof, as
falling 24 WO 2006/089276 PCTIUS2006/006048  within the scope of the
invention. Additional asymmetric carbon atoms may be present in  a
substituent such as an alkyl group. All such isomers, as well as mixtures
thereof, are  included in this invention. For example, in one embodiment,
the compound or  pharmaceutical composition is a permutation of Compound 2
having the structure: 0 N  N IN I0 [0078] The following isomers of this
compound are included in this invention:  xICII // I01 / \0 HN' Y/\ `0 HN Y\
x l ~I N N  N N  0 0 0,4-NH O.-~ NH ' H3 HI H CHI [0079] In addition, if,
for instance, a particular enantiomer of a compound of the  present
invention is desired, it may be prepared by asymmetric synthesis, or by
derivation  with a chiral auxiliary, where the resulting diastereomeric
mixture is separated and the  auxiliary group cleaved to provide the pure
desired enantiomers. Alternatively, where the  molecule contains a basic
functional group, such as amino, or an acidic functional group,  such as
carboxyl, diastereomeric salts are formed with an appropriate
optically-active acid  or base, followed by resolution of the diastereomers
thus formed by fractional  



crystallization or chromatographic means well known in the art, and
subsequent recovery  of the pure enantiomers. [0080] The present invention
also includes the following compounds:  25 WO 2006/089276 PCT/US2006/006048
0 0 0  Il 0  0 HN O HNN N O HN JII~ /  N O HN' Yl  NN 14, ON,N N  0 0II
0,5--N I 0-'N` x 0 N O  ~Nj ( `~ O Nj  UU11 I N \-/ N- O O 0  J'II~ / I` JIE
HN"Y  O HN' 4~N `O HN' YN ~O NN ~0 N N  \I g N /I O N N `N/N~ I/ O N  OS-N J
- OP --N N/ ~N/ OS-N~ OS N u / N N~ V \ \/\N~~p  IOI / 0 



r `N N  N  N/N~ \ \ /N~ I \ JIQII 0  W- N NH N  0 HN)\- L0 HN' 4~ LO HN' ~\
~N~ OWN ~( I \. ~/N N \ -1\  O 0,S--N II 029--N\ J1 0'NH` JII1  NH and
[00811 The compounds of the present invention may act as inhibitors of one
or  more phosphodiesterases, including, for example PDE1, PDE2 and PDE5. The
compounds of the present invention can be employed in pharmaceuticals for
the treatment  of conditions relating to the inhibition of
phosphodiesterases, particularly PDE5. More  specifically, the compounds of
the invention may be used for the treatment of  cardiovascular disorders,
including but not limited to hypertension, cerebrovascular  disorders, and
disorders of the urogenital system, particularly erectile disfunction. Thus,
the present invention also includes methods of treating cardiovascular
disorders, 26 WO 2006/089276 PCT/U52006/006048  hypertension,
cerebrovascular disorders, disorders of the urogenital system, and erectile
disfunction comprising administering to a human or animal an effective
amount of any of  the above compounds. [0082] For purposes of this
invention, the chemical elements are identified in  accordance with the
Periodic Table of the Elements, CAS version, Handbook of  



Chemistry and Physics, 67th Ed., 1986-87, inside cover. [0083] The compounds
of the present invention which have been modified by the  attachment thereto
of at least one residue of the formula C provide modified  pharmacokinetic
properties, including modified nonspecific in vivo protein binding. Such
optimal pharmacokinetic properties do not compromise either the selectivity
or the  potency of the modified compound. [0084] The modification of protein
binding is based on surface technology, i.e. the  preparation and screening
of surfaces for their ability to resist adsorption of proteins from
solution. Surfaces which are resistant to adsorption of proteins from
solution are known to  one of skill in the art as "protein resistant!
'surfaces. Functional groups may be screened to identify the group(s)
present in protein resistant surfaces, as described in e.g., Chapman  et al.
Surveying for Surfaces that Resist the Adsorption of Proteins, J. Am. Chem.
Soc.  2000, 122:8303-8304; Ostuni et al. A Survey of Structure-Property
Relationships of  Surfaces that Resist the Adsorption of Protein, Langmuir
2001, 17:5605-5620; Holmlin,  et al. Zwitterionic SAMs that Resist
Nonspecific Adsorption of Protein from Aqueous  Buffer, Langmuir 2001,
17:2841-2850; and Ostuni et al. Self-Assembled Monolayers that  Resist the
Adsorption of Proteins and the Adhesion of Bacterial and Mammalian Cells,
Langmuir 2001, 17:6336-6343. [0085] In general, protein binding is assessed
by measuring the capacity of  molecules of the invention to bind to one or
more human serum components or mimics  thereof. In one embodiment, suitable
functional residues may be identified by screening  of surfaces comprising
such residues for their ability to resist adsorption of serum  components,
including, but not limited to serum proteins, and preferably human serum
proteins. Candidate residues can be screened directly by attaching them to a
solid support  and testing the support for protein resistance.
Alternatively, candidate residues are 27 WO 2006/089276 PCT/US2006/006048
incorporated into, or linked to molecules of pharmaceutical interest. Such
compounds  may be synthesized on a solid support, or bound to a solid
support after synthesis. In a  non-limiting example of a direct binding
assay, immobilized candidate functional  



residues or molecules incorporating such residues are tested for their
ability to bind serum  components. The serum components can be labeled with
a signaling moiety for  detection, or a labeled secondary reagent that binds
to such serum components can be  used. (0086] Surfaces which are resistant
to adsorption of proteins from solution are  known as "protein resistant"
surfaces. Functional groups may be screened to identify the  group(s)
present in protein resistant surfaces, as described in e.g., Chapman et al.
Surveying for Surfaces that Resist the Adsorption of Proteins, J. Am. Chem.
Soc. 2000,  122:8303-8304; Ostuni et al. A Survey of Structure-Property
Relationships of Surfaces  that Resist the Adsorption of Protein, Langmuir
2001, 17:5605-5620; Holmlin, et al.  Zwitterionic SAMs that Resist
Nonspecific Adsorption of Protein from Aqueous Buffer,  Langmuir 2001,
17:2841-2850; and Ostuni et al. Self-Assembled Monolayers that Resist  the
Adsorption of Proteins and the Adhesion of Bacterial and Mammalian Cells,
Langmuir 2001, 17:6336-6343. [0087] Upon identification of a functional
residue which provides such protein  resistance, one of skill in the art
will readily determine a suitable chemical skeleton or  backbone of a known
biologically or chemically active compound to which the functional  residue
may be attached by either substitution of functional group of the active
compound  or by replacement of a nonessential functional group of the active
compound. For  example, as discussed above, the presence of a piperazine
group on a compound will  indicate that such group may be either replaced or
substituted with an functional residue.  One of skill in the art, e.g. a
medicinal chemist, will recognize other suitable groups on  known active
compounds which may be replaced or substituted with at least one  functional
residue. Accordingly, a combinatorial library of compounds, may be generated
as described infra, wherein the compounds are modified compounds comprising
a  conjugate of an active site of the compound (an essential backbone of a
compound having  a particular desired activity), e.g. compound A and at
least one functional residue attached  thereto, wherein each conjugate has a
different functional residue attached thereto, e.g.  residues having formula
C, wherein each R group is selected from the various groups 28 



WO 2006/089276 PCTIUS2006/006048  described herein. Accordingly, a library
may be used to screen a plurality of different  functional residues for
improved phannacokinetic and/or pharmacodynamic properties  including
non-specific protein binding of the modified compound. [00881 In preferred
embodiments, the solid support itself is chosen or modified to  minimize its
interaction with the serum components. Examples of such supports and  assay
systems are described in International Application WO 02/48676, WO 03/12392,
WO 03/18854, WO 03/54515, herein incorporated by reference. Alternatively,
the  molecules of the invention may be mixed with one or more serum
components in liquid  phase, and the amount of unbound molecules determined.
[00891 A direct binding analysis can also be preformed in liquid phase. For
example, test compounds can be mixed with one or more serum components in
liquid  phase, and the unbound molecules determined. [0090] In an example of
a preferred embodiment, molecules having reduced  protein binding are
identified as follows: a self-assembled monolayer of thiol molecules
terminated with anhydride groups is formed at a gold surface. A set of small
molecules  with amine groups at one end, and groups that are designed to
resist binding to albumin,  for example, at the other end are then attached
to the surface via reaction between the  amine and anhydride. The set of
molecules are spotted onto spatially distinct regions on  the gold surface
to create an array of molecules that might resist protein binding. This
array is then exposed to a solution containing albumin that is fluorescently
labeled. After  a suitable incubation period, the gold surface is washed and
scanned on a fluorescent  scanner. The immobilized chemical groups that
bound to albumin will be identified by  the presence of a fluorescent
signal; groups that resist albumin binding will have low  fluorescence in
that part of the array. If a fluorescent protein is not available then
antibodies against the protein of interest in combination with fluorescent
secondary  antibodies can be used to detect protein binding to the chemical
groups. If an antibody is  not available then a labeless detection method
such as surface plasmon resonance (SPR)  or MALAI mass spectrometry can be
used to identify the presence of the protein at  individual elements in the
array. SPR also has the advantage of providing kinetic  



information on the binding of protein to the chemical groups. 29 WO
2006/089276 PCT/US2006/006048  [0091] The use of this system is not limited
to albumin; any protein of  pharmacokinetic interest can be tested for
binding potential. For example, blood proteins  that bind small molecules,
such as a -acid glycoprotein (AAG, AGP) and lipoproteins,  could be exposed
to the array and protein binding detected. (0092] In an embodiment of the
invention, chemical groups can be identified that  resist binding to
P-glycoprotein (PGP) and therefore have the potential to reduce efflux  when
appended to a small molecule therapeutic. This is particularly important for
development of anti-cancer drugs provide effective treatment where multiple
drug  resistance (MDR) has developed. [0093] The method could also be used
to identify chemical groups that resist  binding to proteins such as
thrombin, anti-thrombin, and Factor Xa and therefore have the  potential to
control coagulation. [0094] This method would also be useful for identifying
groups that improve  therapeutics that are designed as supplemental or
replacement therapies where protein  binding and PK properties are very
important, e.g., hormones and their binding proteins,  and steroids and
their binding proteins such as testosterone and sex hormone binding
globulin (SHBG). [0095] The following describes a surface-based method for
identifying groups  that can improve the solubility of small molecules. A
self-assembled monolayer of thiol  molecules terminated with maleimide
groups is formed at a gold surface. A set of small  molecules with thiol
groups at one end, and groups that are hydrophilic at the other end  are
then attached to the surface via reaction between the thiol and maleimide.
The set of  molecules are spotted onto spatially distinct regions on the
gold surface to create an array  of molecules that might increase the
solubility of a small molecule. Droplets of both  polar (e.g., water) and
hydrophobic (e.g., octanol) liquids are then placed onto each  element of
the array. The contact angles of the two liquids on each element are then
measured at each element of the array using a goniometer. Alternatively, the
wettability  



of a particular liquid at a surface presenting a chemical group can be
determined by  measuring the area of the surface covered by a droplet when
viewed from above (high  contact angle will yield droplets of small area;
low contact angles cover greater areas). 30 WO 20061089276 PCT/US2006/006048
The contact angle of a liquid on a surface presenting a chemical group is
inversely  proportional to the miscibility of that chemical group with that
liquid (solvent). For  example, a chemical group for which water has a high
contact angle when it is presented  at the surface, such as methyl (CH3),
has low miscibility with water, i.e., it will tend to  reduce the solubility
of a small molecule. Conversely, a chemical group for which water  has a low
contact angle when it is presented at the surface, such as carboxyl (COON),
has  high miscibility with water, i.e., it will tend to increase the
solubility of a small molecule.  Sets of chemical groups can therefore be
screened rapidly using contact angles on  surfaces to identify groups that
improve solubility or reduce hydrophilicity. This  approach can be used to
evaluate the effect on solubility of chemical groups used  according to the
invention. [0096] A common parameter for the ability of a small molecule to
cross the lipid  membrane of a cell is loge where P is the partition
coefficient of the compound between  octanol and water. The relative contact
angle of a surface presenting chemical groups for  octanol and water
therefore offers a rapid, empirical method for ranking large sets of
chemical groups for their potential effect on the loge of a compound. [0097]
The pH dependence of the solubility of small molecules can be addressed  in
this method by measuring the contact angles of solutions at different pHs.
The  parameter equivalent to loge in this case is logD, where D is the
distribution coefficient,  defined as the ratio of the sum of the
concentrations of all species of the compound in  octanol to the sum of the
concentrations of all species of the compound in water at  various pHs.
Contact angles measured at different pHs therefore offer the possibility of
an equivalent measure to logD. [0098] It will also be useful to screen
candidate compounds for their capacity to  be actively transported across
cell membranes and cells, or for their resistance to such  



transport. For example, it is well known that pharmaceutically useful
anti-cancer  molecules may be limited in their effectiveness due to active
transport out of target tumor  cells. Similarly, monolayers of brain
capillary endothelial cells have been observed to  unidirectionally
transport vincristine from basal side to apical side, effectively preventing
the anti-cancer agent from entering the central nervous system. In some
instances,  chemical groups of value will, in addition to reducing
non-specific protein binding, 31 WO 2006/089276 PCT/US2006/006048  improve
pharmcokinetics by enhancing passive or active transport towards their site
of  action, and/or inhibiting transport from the site of action. [0099] The
brain is one of the most difficult tissues for small molecules to
penetrate. The neurovascular junctions are tight and contain very few active
transporters  that are mostly responsible for clearing small molecules out
of the brain. The paracellular  route (between cell junctions) is not
available to small molecules, but only the  transcellular route is (through
cell membranes). Classically, molecules to target the brain,  such as
benzodiazepines, are hydrophobic to allow them to penetrate cell membranes.
The instant vinvention is compatible with the search for chemical groups
that confer  protein resistant and alleviate the common problem of excessive
protein binding  associated with molecules such as the benzodiazepines; this
requires high dosing to  account for the large percentage of binding to
serum proteins. The approaches described  earlier for the identification of
binders of PGP will be of help to optimize molecules for  improved residence
time in the brain. [00100] Several model systems are available, employing
monolayers of  various cell types, for evaluation of active transport of
pharmaceutically active  substances. For example, monolayers of Caco-2
intestinal epithelial cells can be used to  evaluate active transport of
substances between the intestine and the bloodstream. When  plated on a
surface which allows the flow of material from apical to basolateral and
vice  versa, such cells form a biological membrane which can be used to
simulate physiological  absorption and bio-availability. In another example,
mouse brain capillary endothelial  cell (MBEC) lines have been established
to evaluate active transport in and out of the  



central nervous system. Another example of such cells is HT29 human colon
carcinoma  cells. Further, monolayers expressing particular transporter
proteins can be established  using transfected cells. For example, Sasaki et
al (2002) J. Biol. Chem. 8:6497 used a  double-transfected Madin-Darby
canine kidney cell monolayer to study transport of  organic anions. [00101]
Alternatives to cell monolayers may of course be utilized to  examine
permeability. Alternatives typically comprise a biological structure capable
of  active transport and include, but are not limited to, organs of the
digestive tract obtained 32 WO 2006/089276 PCT/US2006/006048  from lab
animals and reconstituted organs or membranes created in vitro from cells
seeded in an artificial matrix. 1001021 In another aspect, the present
invention provides pharmaceutically  acceptable compositions which comprise
a therapeutically-effective amount of one or  more of the compounds of the
present invention, including but not limited to the  compounds described
above and those shown in the Figures, formulated together with  one or more
pharmaceutically acceptable carriers (additives) and/or diluents. As
described in detail below, the pharmaceutical compositions of the present
invention may  be specially formulated for administration in solid or liquid
form, including those adapted  for the following: (1) oral administration,
for example, drenches (aqueous or non- aqueous solutions or suspensions),
tablets, e.g., those targeted for buccal, sublingual, and  systemic
absorption, boluses, powders, granules, pastes for application to the
tongue; (2)  parenteral administration, for example, by subcutaneous,
intramuscular, intravenous or  epidural injection as, for example, a sterile
solution or suspension, or sustained-release  formulation; (3) topical
application, for example, as a cream, ointment, or a controlled- release
patch or spray applied to the skin; (4) intravaginally or intrarectally, for
example,  as a pessary, cream or foam; (5) sublingually; (6) ocularly; (7)
transdermally; or (8)  nasally. 1001031 The phrase
"therapeutically-effective amount" as used herein  means that amount of a
compound, material, or composition comprising a compound of  



the present invention which is effective for producing some desired
therapeutic effect in  at least a sub-population of cells in an animal at a
reasonable benefit/risk ratio applicable  to any medical treatment, e.g.
reasonable side effects applicable to any medical treatment.  [001041 The
phrase "pharmaceutically acceptable" is employed herein to  refer to those
compounds, materials, compositions, and/or dosage forms which aie, within
the scope of sound medical judgment, suitable for use in contact with the
tissues of  human beings and animals with toxicity, irritation, allergic
response, or other problems or  complications, commensurate with a
reasonable benefit/risk ratio. 33 WO 2006/089276 PCT/US2006/006048  [001051
The phrase "pharmaceutically-acceptable carrier" as used herein  means a
pharmaceutically-acceptable material, composition or vehicle, such as a
liquid or  solid filler, diluent, excipient, manufacturing aid (e.g.,
lubricant, talc magnesium, calcium  or zinc stearate, or steric acid), or
solvent encapsulating material, involved in carrying or  transporting the
subject compound from one organ, or portion of the body, to another  organ,
or portion of the body. Each carrier must be "acceptable" in the sense of
being  compatible with the other ingredients of the formulation and not
injurious to the patient.  Some examples of materials which can serve as
pharmaceutically-acceptable carriers  include: (1) sugars, such as lactose,
glucose and sucrose; (2) starches, such as corn starch  and potato starch;
(3) cellulose, and its derivatives, such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth;
(5) malt; (6)  gelatin; (7) talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such  as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil and soybean oil;  (10) glycols, such
as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14)  buffering agents, such as magnesium hydroxide and
aluminum hydroxide; (15) alginic  acid; (16) pyrogen-free water; (17)
isotonic saline; (18) Ringer's solution; (19) ethyl  alcohol; (20) pH
buffered solutions; (21) polyesters, polycarbonates and/or  polyanhydrides;
and (22) other non-toxic compatible substances employed in  pharmaceutical
formulations. 



[001061 As set out above, certain embodiments of the present compounds  may
contain a basic functional group, such as amino or alkylamino, and are,
thus, capable  of forming pharmaceutically-acceptable salts with
pharmaceutically-acceptable acids.  The term "pharmaceutically-acceptable
salts" in this respect, refers to the relatively non- toxic, inorganic and
organic acid addition salts of compounds of the present invention.  These
salts can be prepared in situ in the administration vehicle or the dosage
form  manufacturing process, or by separately reacting a purified compound
of the invention in  its free base form with a suitable organic or
inorganic acid, and isolating the salt thus  formed during subsequent
purification. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate,
oleate, palmitate,  stearate, laurate, benzoate, lactate, phosphate,
tosylate, citrate, maleate, fumarate,  succinate, tartrate, napthylate,
mesylate, glucoheptonate, lactobionate, and 34 WO 2006/089276
PCTIUS2006/006048  laurylsulphonate salts and the like. (See, for example,
Berge et al. (1977) "Pharmaceutical  Salts", J. Pharr. Sci. 66:1-19).
[001071 The pharmaceutically acceptable salts of the subject compounds
include the conventional nontoxic salts or quaternary ammonium salts of the
compounds,  e.g., from non-toxic organic or inorganic acids. For example,
such conventional nontoxic  salts include those derived from inorganic
acids such as hydrochloride, hydrobromic,  sulfuric, sulfamic, phosphoric,
nitric, and the like; and the salts prepared from organic  acids such as
acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric,
citric,  ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic, glutamic,
benzoic, salicyclic,  sulfanilic, 2-acetoxybenzoic, finnaric,
toluenesulfonic, methanesulfonic, ethane  disulfonic, oxalic, isothionic,
and the like. [00108] In other cases, the compounds of the present
invention may contain  one or more acidic functional groups and, thus, are
capable of forming pharmaceutically- acceptable salts with
pharmaceutically-acceptable bases. The term "pharmaceutically- acceptable
salts" in these instances refers to the relatively non-toxic, inorganic and
organic base addition salts of compounds of the present invention. These
salts can  



likewise be prepared in situ in the administration vehicle or the dosage
form  manufacturing process, or by separately reacting the purified
compound in its free acid  form with a suitable base, such as the
hydroxide, carbonate or bicarbonate of a  pharmaceutically-acceptable metal
cation, with ammonia, or with a pharmaceutically- acceptable organic
primary, secondary or tertiary amine. Representative alkali or alkaline
earth salts include the lithium, sodium, potassium, calcium, magnesium, and
aluminum  salts and the like. Representative organic amines useful for the
formation of base addition salts include ethylamine, diethylamine,
ethylenediamine, ethanolamine,  diethanolamine, piperazine and the like.
(See, for example, Berge et al., supra). [001091 Wetting agents,
emulsifiers and lubricants, such as sodium lauryl  sulfate and magnesium
stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants
can also be  present in the compositions. 35 \VO 206ft)N9276 K'77(i ;a
[00110] Examples Of ph aceuticaily-ace'P,pra le antioxidanis include: (I)
water soluble art`:ioxldants. such as ascorbic acid, cysteine
hydrochloride, sodium  b,suifate, sodium Trmetabisulfite, sodium sulfite
and the Bice; (2) oil-soluble antioxidants.  such as ascorbyl pahnitate,
hutylated hydroxyanisole ( .'1), butyktted 'ly'i rox. ~tohte ne  (BHT),
lecithin, propyl gallate, alphatocopherol, a si the like; and (3) metal
cheiating  agents, such as citric acid, ethylenediamine tetraacetic acid
(DTh), sorhiiol, tarrarlc  acid, phosphoric acid, and the like. [0011111
Formulations of the present invention include those suitable For  oral,
nasal, topical (incltuding biro cal and sublingual), rectal, vaginal and:
of parenterai administration. The formulations may convenien_ly be
presented in unit dosage. teen and  may 'n prepared by any methods well
known in the art of pharmacy. the amount of  active ingredient which can be
cornhined with a car ier material to produce a single  dosage form will
vary depending upon the host being treated, the particular node of
alydltnstration. T ho amount of active ingredient :4'lhch '', ;n be
combined with a came;'  material to produce a single dosage iorru will
generally be that amount o: the compound  



which produces a ft erat> iitzc effect. Generally, out of oile hundred per
cent, this amount  will range from aboout il.t per cent to about
nmety-nmmlc. Percent of active 171 ': edient,  preferably from about 5 per
cent to about 70 per cent, most preferably iron.; about 10 tier  cent to
about X0 per c eiit. ]00112] In certain embodiments, a f: rmu.,lation of
the ?resent invention  comprises an e'icipient selected, from th-11 ;rout
consisting of cyelod xtrins, celluloses,  liposomes, micelle r6rming
agents, e.g., bile seats, and polymeric. cwners, e.p., polyesters  and
poly3rliydrides; and a compound of the present invention. In certain
embodiments.  an ator: mentioned fhrnlulatlon renders orally ;nloavall lea
compound of the present  invention. [00113] Methods of preparing these
formulations or compositions include  the stop o_ bringing into,
association a compound of the present invention with the carrier  and,
optionally. one or Iltdle ,,^,L'cessory' Ingredients. To general, the
toirnwatid_s are 316 WO 2006'40M'16 KT! fSliiiIZSAIei4i:=;3  prepared by
nut Danny and intimately bringing into association a compound of the
present  invention will: liquid carriers, or finely divided solid carriers,
or both, and then, if  necessary, shaping the product. [00114] Formulations
of the invention suitaille for oral ad ministration may be-'- the, fhru: of
capsules. cachets, pills, tablets, lozenges (using a flavored basis,
usually  sucrose and acacia or tragacanrh), powders, ,.gar ides, Cr as a
solution or a suspension in  an aqueous or non-aqueous liquid, or as an
of:-in-water oE" water -ir_-oil licind elmslsion, or  as an elixir or
syrup, or as pastilles (using an inert base, S;?E. i as gelatin and gl
v'ce.rin, o  sucrose and acacia) and/or as mouth washes and the like, each
containing a pled+eiermined  amount of a compound of the resent invention
as an acti`.' ingredient. A compound Cit'  the present invention may also
be administered as a bolus, elecatary or paste, [00115] In solid dosage
forms of the invention fhr oral administration (capsules,  tablets, pills,
dragees, powders, granules, trouches and the like), the active ingredient
is  mixed with on:; or more pliarrtlaCEUticaliy-aCEf:Ctai?lc Carriers, such
as sodium ci:rat_- or  dicalcium pho.spliate, and/or any of the following:
0 1 FE -3's or extenders, such as  



starches, lactose, sucrose, gluoose, r annitol, acid/or silicic acid; (2)
binders, such as. for  example, earboxymetliylcelhtlose, alginates"
gelatin, polyvinyl pyrrolidone, sucrose  and/or acacia; (3) nil-unectants,
such as glycerol; (41 disintegrating -.gents, such as agar  agar', calcium
carbonate, potato or tapioca starch, alctinie acid, certain silicates, and
sodium carbonate; (5) SCYIl?ti Gil retarding agents, such as ]:. Y affin;
(6) absorption accelerators, such as quaternary anmmniunl compounds and
surfactants, such as  pooxainer and sodium lauryl sulfate; (7) wetting
agents, such as, for example, cetyl  alcohol, glycerol rnollOStearate, and
lion-ionic snxf;ctants; (8 j absorbents, such as kaolin:  and bentonite
clay; (S)) lubricants, such as talc, calcium stearate, magnesium stearrac,
solid polyethylene e ycols, sodium l amyl sulfate, zinc stearate, sodium:
stearate, stearic  acid, and mixtures thereof; (101 coloring agents; and
(11) controlled release agents Such  as crospovidone or ethyl cellulose. In
the case of capsules, tablets arid pills, the  pharmaceutical compositions
may also comprise : offering agents. Solid : omoositiotls of  a similar
type may also be employed as fillers in soft and hard-shelled gelatin
capsules 37 WO7006,U8927f: 3'; ii ?1}E)fi'!}Eir>F: S  using such
e.xcipients as lactose or milk sugars, as well as high molecular weight
polyethylene QC ON and the like. [00:1.1 q A tablet maybe m idce by
compression or molding. optionally with one or  more accessory ingredients.
Compressed tablets may be prepared using binder (:`or  example, gelatin or
hydroxy3)ropylmethyl cellul(se), lubricant, inert diluent, preservative,
disintegrant (_or example, sodium starch glycolate or cross-h3::ed sodium
car'boxyrnethyl  cellulose), surface-active or dispersing agent. Molded
tablets may he made by molding in  a suitable machine a tmxrure of the
powdered compound moistened with an inert liquid  diluent, [001171 The
tablets, and other solid dosage tents oftlac pharmaceutical.  compositions
of the present invention, such as dragees, capsules, pills and granules,
may  optionally be scored or prepared with coatings and shells, such as
enteric coatings and  other coatings well known En tae
pharmaceutic':31-'formtllatxng art. E he'y may also be formulated so as to
provide slow or controlled release of the active ingredient therein 



using. for example, hydroxypropylrnethyl cellulose in vaarying proportions
to provide the desired release profile, other polymer t-nat'ices,
iaposorncs and/or rnicrosoheres. 1 hey  may he formulated for rapid
release, e.g., freeze-ilrief . They r tcy he sterilized by, for  example,
filtration through a bacteria-retaining filter, or by incorporating
sterilizing  agents in the form of sterile solid compositions which can be
dissolved in sterile water, or cnrrpositiors tray  sonic other sterile
injectable me diumn immediately before use. These also optionally contain
opaci fying agents and may be of a composition that they release  the
active ingredient(s) only, or preferentially, in a certain portion of the
gastrointestinal  tract, optionally, in a delayed manner. Examples of
embedding compositions which can  be used include polymeric substances and
waxes. The active ingredient can also he in  micro-encapsulated torn, if
appropt iate, with one or moan of the above-descr abed  excipients,
100:1181 Liquid dosage forms for oral adruinistration of the compounds of
the  invention include pharmaceutically acceptable emulsions,
nlieroemulsions, s-dutions,  suspensions, syn.ips and elixirs. In addition
to the active ingredient, the. liquid dosage  0 WO ZIM61)89276 3' ...i
S2W.., jfli?v$  forms may contain inert diluents commonly used in the an,
such,' as, for +:Xananic, " ater or  other solvents, soluhilizing agents
and eInutsiliers, .such as ethyl alcohol, isopropyl  alcohol, ethyl
carbonate, ethyl acetate, bens'yl alcohol, be navl betuoate, pronyierte
glycol,  3,3-hutylene glycol, oils (in particular, cottonseed, ;roundnl:t,
corn, genii, olive, castor  and sesame oils), glycerol, tetrahydrofilryl
alcohol, polyethylene glycol:. and fatty acid  esters of's>rbitan, and
mixtures Thereof. [00119] Besides inert diluents, the oral cornpositiohs
can also include adjuvants  such as wetting agents, tniulsifying and
suspending coloring, pertinning and preservative agents, 100120]
Suspensions, in addition to the activ; compounds, may contain. suspending
agents as, for exafnple, et_h oxyl_ -,ed isostearyl alcohols,
potyoxyethylene sorbitol and  sorbitan osiers. nncroc'rystaliine cellulose,
aluminum meta tyaroX:ide, heniorcte, agar-agar  



and tiagacatrth, and mixtures theteof. (00121_] Formulations of the
phartnaceuti;;ai comp 'icons of the invention for  recto or vaginal
administration may he presented as a supposi:oy, which may be.  prepared by
mixing one or more compounds of the it vention with one or more suitable
nonirritating excipients or carriers comprising, for example, cocoa butter,
polyethy cne  glycol, a suppository wax or a salicylate, and which is solid
at room temperature, but  liquid at body temperature and, therefore, 'h'ill
melt in the rectum or vaginal ea7v ity a1Ci  release the active compound.
(001221 Formulations of the present invention which are Suitable for
vaginal  administration also include pessaries, t<'tampons. creams, gels,
pastes, foams or spay formulations containing such carriers as are 1tnown
in the art to he appropriate. [001231 Dosage forms for the topical or
transdermai administration of a c;,rnponn;:l  of this invention include
powders, sprays, ointments, pastes, creams, lotions, gels,  solutions,
patches and inhalants. The active compound may be mixed under sterile zr)
WC? 20061089274 PC  conditions with a p earrnaccuticaliv acceptable
carrier, and with any preservatives,  AM or propellants which may be
required. [00124] The ointments, pastes, creams and gets -nay contain, iri
addition to an  active compound of this invention, eX :inE rIts. such as
animal and vegetable fats, oils,  waxes, arsffns, starch, traga.canth,
cellulose derivatives, polyethylene ?:'.l"Cl ls, s`licones. bentonites,
silacir, acid, talc and We oxide, or mixtures thereof [00125] Powders and
sprays can contain. in addition to a compound 0f this  invention,
excipients such as lactose, talc, silicie acid, aluminum hydroxide, calcium
silicates and polyarnide powder, or mixtures of these substances. Sprays
can additionally  contain customary propellants, such as chh irf a
rohydr?carbons and volatile  unsubstituted hydrocarbons, such as butane and
propane. 1001261 Transdemial patches have the added advantage of providing
co rolled  delivery of a compound of the present invention to the body.
Such dosage f> Las can be  made by dissolving or dispersing the compound in
the proper mediutrl. Absorption  



enhancers can also be used to increase the flu}t of the compound across the
skin. she rate'  of such flux can be controlled by either providing a rate
conic 4 ling membrane or  dispersing the compound in a polymer matrix or
gel. 100127] Ophthalmic formulations, eye ointn nts. powders; solutions
anti the lace"  are also contemplated as being within the scope of this
invention, [00128] Pliarrnaceutical compositions of this invention suitable
for pa:-enteral  administration comprise one or more compounds of the
invention in combination with  one or more pharn_aC@Entically- acceptable
sterile sototlt&, aqueous or nonactuenus  solutions, dispersions,
suspensions or emulsions, or sterile powders which may be  reconstituted
into sterile injectable solutions or disnera ois l 1st prior to use, which
ii--,ay  contain sugars, alcohols, antioxidants, buffers, bacterioslats,
solutes which render the 40 Y` 1 `,.! 2i, .. 1tet7,it3J  WO MOWN(,
formulation isotonic with the blood of the Intended recipient or suspendinu
or this ;In  agents. 1001291 Examples of suitable, aqueous and nonaqueous
carriers which may he  employed in the pharmaceutical compositions o the
invention include water, et! anol,  polyols (such as glycerol, propylene
glycol, polyethylene glycol, and the like), said  suitable rrix res thereof
vegetable oils, such as olive oil, and injectable organic esters,  such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of
coating:  materials, such as lecithin, by the maintenance of the required
,article size in the case Of  dispersions, and by the use of surfactants,
1001301 't'hese compositions may also contain a :i i `;ants such as preser
< Lives,  wetting agents, emulsifying agents and dispersing agents,
prevention of-,he action of  microorganisms upon the subject compounds
o:tiiy be ensured by the iuclUSion of various  antibacterial and antial
agents, for example, paragon, chlorGbutanoi, phenol sorhic  acid, and the
like. It may also be desirable to include isotonic agents, suchi as sugars,
sodium chloride, and the like into the compositions. in addition, prolonged
absorption of  



the injectable pharmaceutical fbrm may be brounirt about. by the inclusion
of agents  which delay absorption such as aluminum monostearatc and
gelatin. 1001311 Tin some cases, in order to prolong the etTeci of a drug,
it is slrable to  slow the absorption of the drug from subcutaneous or
intramuscular injection, This may  be accomplished by the use of a liquid
suspension of crysta.iline or amorphous material  having; poor water
solubility. The rate of absorption of the drug then depends upon its  rate
of dissolution which, in turn, may depend upon crystal size and crystal
line form.  Alternatively, delayed absorption of a par
nteral!y-administered drug fond is accomplished by dissolving or suspending
the dug in au o=i vehicle. [00132j injectable depot forms are made ',b
forming to crOencapsule matrices of  the subject compounds in biodegradable
polyrmrs such a pol'ylactide-pol}glyci?lid:.  Depending on the ratio of
dray to polymer, and the nature of the particular poiwner 4i WO 20060891%
PC employed, the rate of drug release can be controlled. Examples of other
biodegradable  polymers include poly(,xthoesters) and poly(rnhydrides). ;3e
of injectable .formulations  are also prepared by entrapping the drug in
liposomes or lnicroenrulsions which are  compatible with body tissue.
1001331 VVh.en th compounds of the present invention are acirninistered as
pharmaceuticals, to humans and a lI 1x:s, they can be L en per so as a
pharmaceutical composition containing, for example, Al to 99% (,ors,
preferably, 10 to 30%) of active  ingredient in co rthinati n with a
pharmaceutically acc ;l>tat le can ter. [001341 The preparations of the
present invention may be given orally,  parenterally, topically, or
rectally. They are of course given in forms .suitable for each
administration route. For example, they are administered hx tablets or
capsule harm, by  injection, inhalation, eye lotion, ointment,
slippos?tern/, etc. acumnistratloll by 1 je t?t?l i,  in=asion or
inhalation; topical by lotion or ointmen and rectal by suppositories. Oral
administrations are preferred. [001351 The phrases "parenteral and
"administered pase;it ral1}'" as  used herein means modes of administeation
other than enteral and topical administration,  



usually by injection, and includes, without limitation, int3a e o a,
intramuscular, ln.irBette; 777x1,  intraarterial, liitratlnecal,
lntracapsular, Intlaorhital, intracardiac, intra7ehtoneal, transtracheal,
subcutaneous, submiticul'ar, inb'aarticulae, suhcansula`,  subaracAinoid,
intrasplnal and lrittastemal injection and infus `:L 1001361 The phrases
"systemic dxniYn stration," "administered systemically."  "peripheral
administration' and "adm nistered peripherally" as used herein mean 'he
administration of a compound, drug or other material other than directly
into the central  nervous system, such that it enters the patient's system
and, thus, is subject to metabolism  and other like processes, for example,
subcutaneous administration. 42 WO 20O/08N% F"x. i i'` 29J(d(i;;;i :>{;
[00137] These compounds may be administered to humans and other anltrals
for  therapy by any suitable route of administration, including orally,
nasally, as by, for  example, a spray, rectally, intravaginally, pa
enterally, ihtracistemaily and. topically, as by  powders, ointments or
drops, including buccaily and sublingually. [00133] Regardless of the route
of administt Lion selected, the compounds of the  present invention, which
may be used in a suitable hydrated form, and/or the  pharmaceutical
compositions of the present irvelaiion, are formulated into
phalaa?acentically-acceptable dosage fhnns by conventional methods known to
hose of  skill in to an, [00130] Actual dosage levels of the active
ingredients in the plhaririaceu a.t  compositions of this invention may be
varied so as to obtain an amount of the, active  ingredient which is
effective to achieve the desired therapeutic response for a part cular
patient, composition. and mode of administration, without being toxic to
the patient. [00140] The selected dosage level will depend upon a variety
of fac or. including  the activity o= the particular compound of the
present invention employed, or the ester,  salt or amide thereof, the route
of administrati n, the ii i:e vi achririi tration, the rate of  excretion
or metabolism of the particular compound being employed, the rate and
extent  of absot ption, the duration of the treatment, other drugs,
compounds anwor materials  



used in combination with the ,,articular compounds employed, the age, sex,
wei Pht,  condition, general health and prior medical history o 'the
patient being treated, and like  factors well known in the medical arts.
[00.141] A physician or veterinarian havi;:t;;otdinary skill in the art
catr readily  determine and prescribe the effective amount of the
phaLrrnacentieal composition required.  For example, the physician or
veterinarian Could start doses of the compounds of f te`  invention
employed in the pharmaceutical con position at levels lower than that
required  in order to achieve the desired therapeutic effect and gradually
increase the dosage until  the desired effect is achieved. 43 WO 2u060892
T4 P(' 11US:ih i /;?im  (00142] In general, a suitable daily dose of a cor
pea d of the invention will be  that amount of the compound which, is the
lowest dose effective to produce a therapeutic  effect. Such an effective
dose will generally depend upon the factors described above.  Generally,
oral, intravenous, nrtracerebi-oveltncuiar and subcutaneous dosos of the
compounds of this invention for a patient, when, used for the indicated
analgesic cf ects, will range from about 110001 to about 100 mg per
kilogram of body weight per day.  [00143] If desired, the effective daily
dose o:t the active connound may he  stered as two, three, tour, five, six
or more sub-doses administered S t arai< ly at. appropriate intervals
throughout the day, optionally, in n,it dosage firms. Preferred  dosing is
one administration per day. [90144] While it is possible for a compound of
the present invention to he  administered alone, it is preferable to
administer the compound as a )hartrta.ceuticai  fhrxnuiatiotl
(composition). 100145] 'The compounds according to the mvcntio , n a;y be
formulated Ior  administration in any convenient way for use in human or
s'etednary medicine, by  analogy with other pharmaceuticals. [00146] In
another aspect, the present nventiofl provides pharri-laccutic ally
acceptable compositions which comprise a therape tieaily-eI{'dive amount of
one or  more of the Subject corllpounds, as described above,; ibrmnulate d
together With one, o:'  



ZYeore phaC[Y aceutically acceptanle carriers (additives) Euidior d?luents.
As described in  detail below, the pharnaceat?cal coil:positions of the
present invention may be specially  formulated for administration Fn solid
or liquid form ineim`ing those adapted for the  following: (I) oral
administration, for example, drenches (aqueous or non-aqueous  solutions or
sus nens?ons), tablets, boluses, powders, grar1'ules, pastes for
application to the  tf}Y18l}E;; t2)7aSGktteral administration, for
eYa3i1T'le, by St)r.:::taTFi:iFUS, ',nu-am ilSCiklar or  intravenous
infection as, for example, a sterile solution Or Susper Sion; (3) 4 'C /
1Sr( 1<~ :?iila  WO 2OO61O89276 application, for example, as a cream,
ointment or spray applied to the skin, (rings, or  mucous niembrans; or (4)
mtravaginally or Intr rectaly. ii:.r i':t iir ail e. as a pessaxy,  cream
or foam; (5) subli.oguaily or buccaiiy; (6) ocularly; (7) transdentaliy; or
(8)  nasally. [001471 The teen "treatm nt" is intended to encompass also
propliviacis, therapy  and cure. (001481 The patient receiving this
treatment is any animal in need, including  primates, in particular
huirians, and other mammals Such as e `'limes, cattle, swine  sheep; and
poultry aad pets in nertcral. (001491 the compound of the. invention can be
administered as such or in  adirnxture. With pharmaceutically acceptable
carriers and Gan also be administeied in  conjtnetion with antimicrobial
agents such as penicillins. cephalosporins,  aniinoglycosides and
glycopeptides. Coniantive therapy, thus includes sequential,  simultaneous
and separate administration of the active compound in a way that the
therapeutical effects of the first administered one is cot. ertti?'ely
disappeared vlhen the  subsequent is administered. (001 501 The addition of
the active coma and of the invention to animal lied is  preferably
accomplished by pr paring an appropri. ne ;eed premix containing the active
compound in an effective amount and incorporating the premix into the
complete ration.  100151) Alternatively, an ii.termediate o n entrate or
feed suppiernent containing  the active ingredient can be blended into the
fend. The may in which such teed lrrernixes  



and complete rations can be prepared and administered are described in
reference books  (such as "Applied Animal Nut tier", WE. Freedman and CO.,
San Francisco, l .S.A.,  1969 or "Livestock Feeds and Feeding" () and 13
books, Corvallis, Ora, U.S.A., 1977). %VO 2O1}408920+ PIC a'/l
`:`EiEtSJttf>co4s  [00152] Recently; the pharmaceutical industry introduced
ruicroemulsiticatia,n  technology to improve bioavailability of some
liponhilic (water insoluble) pharmaceutical  agents. Examples include
Ti-hie :trine (Dordurioo, S. K., et an Drug Development and  industrial Phu
niacy. 170 2116841713, 1991 and REV 5901 (Sheen, P. C;., et al.., Ph; rrii
Se., 80(7), 7107111991). Among other things, niicroen:ulsifieaticn
provides:  enhanced bioavailability by preferentially directing absorptio[r
to the iy phatic system  instead of the circulatory system, which thereby
"by asses the liver, and pre,-ents  destruction of the compounds in the
hepatobihary c=.rculaticn. [001531 It one aspect of invention, the
formulations contain mice%ies formed from  a Compound of the rte. writ
invention and at least one am `taphilic carrie_. in which the micelles have
an average diameter of less than about 100 nin, More prefbrred  embodiments
provide micelles having an average diameter less than about 50 am, and
even more preferred einnoeuilents provide iniceihis having an average
diameter 'less than  thou! 30 run, or even less than about 20 ran. [00154)
While all suitable ainphipliili-c carriers are sinteri la.tect, the
presently  pre erred carriers are generally those that have Liu'ireri '
Y-P.eeogrit2CCl-as-Safe (L rl+'..i1S)  status, and that can both soinbiiize
the corn pound of e present invention and nricroernulsi.y it at a later
stage when the solution col-;es into a contact with a complex  Water phase
(Stich as one found in human gastro- ntestil l tract). t sually,
aniphiphilic  ingredients that satisfy these requirements have (hydrophilic
to lipophllic balance) va'ues of 2 20, and their structures contain
straight chain aliphatic radicals in t'-. e range of  C-6 to i3-20.
Examples are polyethylene.-gly :tzed fatty glycerides and po'lyethy'lene
glycols. [00155) Particularly preferred arnphipl-ilic carriers are.
saturated and  monounsaturated polye hlr'iene 'l v':-7%lized fatty acid
:.'lycerides, such as Those obtained  



from dilly or partially hydrogenated various vegetable oils. Such oils may
advantageously  consist of tri--, di- and mono-fatty acid s iycenides
ariddi- and Inono.[rotyethylenegivcol  esters of the corresponding fatty
acids, with a :tic:ularly preferred fatty acid  composition including
capric acid 4-10, capnic acid 3-9, lauric acid 40-50, rnyristic acid 4r WO
2006.%i1P19276 14-24, nalmitie acid 4-14 and steaTic acid 5-15%~'o. Another
usehil class of amphiphlhc  carriers include., partially esterified
sorbitan and/or soroitol, with saturated or mono- unsaturated fatty acids
(SPAN-seies) or corresponding ethoxyated analogs (PWREN  series). 1001561
Commercially available amphiphilic earne arc particularly contemplated,
including Gelucire-series, Labrafil, Labrasol, or Lauroglyeol. (all manna
ctured and  distributed by (1'atterosse Corporation, Saint Priest, France),
PEG-n1<;no-oleate, PEG-di- oleate, PEG-mono-laurate acid d_ laurate,
Lecithin, 'oysor Sato 80, etc (producedi and  distributed by a number of
companies in USA and worldwide). [00157) }lydrophilic polymers suitable for
use in the present invention sac those  which are readily .pater-soluble,
can be covalently attached to a "v e;,iele-furl'-.1n iii e, and  which are
tolerated in vivo without toxic effects are, iocoinpaiible). Suitable
polymers include polyethytene glycol (PEG), polylactic (also termed
lioivlactide),  polygtycolic acid (also termed polygtvcotide), a
i7lylactic-poly ly;,oiic acid copolymer,  and :polya.mmmyl alcohol,
Preferred polymers are those having a m-n olecular weight of from  about
100 or 120 daltons up to about 5,000 or 10,010 daltons, and more preferably
from  about 300 daltons to about 5,003 daltons. In a partieuia::ly
preierrekl embodiment, the  polymer is polyethylenegiycoi having a
molecular. weight of from about 100 to about a molecular w, right of from
about "il?i? to about.  5,000 datons, and more preferably havim 5,000
daltons. In a particularly preferred embodiri3ent, ttie polyro'er vs
polyet; yieneg(ycoi  of'750 daltons (PFG(750)). The polymers used in the
pre sent nive.aiotz have a signifi c:antly 5353;;11..,3' molecular weight,
app roximcat ly 100 d aitons, compared to the large  ,IVI ' of 5000 dalton5
or greater that used in stand trd ;legHatton techniques. loo'-i.3?ers  



may also he defined by the number of monomers Lhert'1: ^ 1?:eFelTed
embodiment aIt'.le  present invention utilizes poly' ors of at least about
three Irionortlers, such Y:'.` 1 poly?3z`.-ors  consisting c three monomers
(appm.xirnateiy i 50 daitons), 030150] Other hydrophilic polymers whit i
may tic suitable for use in the present  invention lnelude
polyvinylp',Trcltdone, pal j+mneit`.oxaz:Gtt3`,e, poi`y'ettt`y'loxazolinc.
47 WO 2006,,089276 t lo`yIydroxy aropyl mehacrj aid, poi methacr .:r
arnidc, polydinsethylacry?emido, and  derivatzed celluloses such as
hydroxy~rnet lyieellulose or hydroxyethylcr julose. [001591 In certain
embodiments; a formulation of the present invention comprises a
biocomlpatihle polymer selected from the ,group consisting of po 'arnides,
polyeanconates.  polyalicylenes, polymers of acrylic and methacrylic
esters, polyvinyl polymers,  polyglycolides, polysilox_ nes, polyrlrethanes
and co-pc `ymers thereof" celluloses,  polypropylene, polyethylenes,
polystyrene, polymers of lactic acid and glycolic acid,  polya Hydrides,
poly(orthoi)esters, poly(butic. acid.?, poly(valerie acid),
poly(laciide-co- caprolactoine), polysaccharides, proteins, polyhyaju Tonic
acids. o ;Cya lcariytIteS, and  blends, mixtures, or copolymers tltereofi
[00160] The release characteristics of a Di?; i3ulation of the present
invention  depend on the encapsulating material, the concentration of
encapsulated drug, and the  presence of release modI ters For example,
release can be nuuiipulated to he pM  dependent, f;,3' example, Using', a
pH sensitive, coating that .releases o13by' at a low as in  the stomach, or
a higher pH, as in the intestine. An enteric can be used to prevent
release from occurnl;g until ;after j'1assa ;e through t[te stomach.
I~rirlltiple coati as cn' mixtures ofcyanamide encapsulated in diffdrent
materials can be used to obtain an initial  release in the stomach,
followed by later release in the intestine. Release can. also be rn;nii
7ulate,. by inclusion of salts or pore fora-un2 agents, which can increase
water ptal:e  or release of drug by diffusion from the capsule. Lxcipients
which rnoChi'i ,F3:: solubility  of the drug can also be used. to control
the release Pate. Agents which enhance degradation  of the matrix C Y
release fi C?YCl tl"te nta ri Can also b moor"Ti;;r ;ted. Tie V' Gan ed iii
the drug, added as a separate phase (i.e., as particulates), or can be
co-dissolved in the  



polymer phase depending on the compound. In all cases the amount should be
between  0.1 and thirty percent (w/w polymer). Types cf degradation
enhancers include inorganic  salts such as ainmoniutrt sulfate and
anunomu:na chloride. ore:anie acids such as Citric  acid, benzoic acid, and
ascorbic. acid, inor;s'amc bases such as sodnnn carbonate, p ixasswrn
carbonate, caicini carbonate, z3ImC carbonate, and zinc hydroxide, and ol.
aane  bases such as urotarnine Sulfate, spcsmme, choline, ethanolamine,
dlethanolamme, and  triethanoiamine and surfactants such as Tween.P NI. and
Pluro Pore onnin , .' d,'t :...3~iiiFk,,,. Sl  W{) M61089276 age: is which
add microstructure to the matrices (l.c.., water soluble compounds such as
inor''a3:ic salts and sugars) are added as particulates. The range should
be between. one  and thirty percent w/w polymer). (OO1611 Uptake can also
be mardmiiat.ed by altering residence time of the particles  in the gut.
This can be achieved, for example, by coating the particle with, or
selecting axc  the encapsulating material, a rullcosal adhesive polymer
Examples include most polymers with We carboxyl groups, such as chitoa r.,
celluloses, and especially  polyacrylates (as used herein, palyac Jlates
refers to poly ers including acrylate g cups  and modified actylate groups
such as cyanoacrylates and naet hac.rylates). [001621 The suhjee compounds
maybe synthesized using the methods c.  combinatorial synil.hesis described
in this section. Combinatorial i. )ra ries of the  compounds may be used
for the screening ofphamro tceutical, axgrocherxical or tbc.r  biological
or medically--related activity or material-related qualities. 'A
ec>snbinato  library for the purposes of the present invention is a mixture
of chemically related  compounds which maybe screened together for a
desired ?` o ert y; said libraries ai< y be  in solution or covalentiy
lined to a. solid support. The p epar:at ou of many related  compounds in a
single reaction greatly reduces and sinnplifies the number of screen p
processes which need to be carried out. Screening 10r the appropriate
biological,  pnarnmceutical, agrochemical or physical property may be done
by conventi< nil  methods. [0001631 Diversity in a library can he created
at a variety of different levels. For  



instance, the substrate aryl groups used in a conlbi3;atorial_ approach can
be diverse in  terns of the core and moiety, e.g., a varlecaton in terms of
the ring structure, and/or can  be varied with respect to the ct er
sulstituents. 01641 A variety of techniques are available in the art for
generating  combinatorial libraries of small organic: molecules. See, for
example, Blondelle et J.  (1995) Treads Anah (;her. 14:83; the. Aff rnax
U.S. Patens 5.359,1 `5 and 5 2,;899'  49 WO 2(?9Jii;i?Si427t .'('i. the
Ell-11m, T.S. Patent 5,288,514: the Still et al. PCT publication WO
94/08051: Chen et  al, (1994) !ACS 11.6:2661: Kerr e al. (1993) JACS
115252; PCT publications W0921 t()0-2, W093r09668 and Z4%E;+91it1"C: ^; and
the ::.er er et al.:' 1' publication  W093t20242). Accordinaly, a variety
of libraries on the order of about 16 to 1,41+)ii,000  or more diversoiners
can be sync esized and screened fihr" - particular activity " property.
[00165] In an exemplary embodiment, a libra? o f substituted diverson ers
can be  syzathesized using the subject reactions adapted to the tecnniq'ucs
described in the Still et  al. PC 'T' publication WO !)--1:'08051; e.g.,
hein.s linker to a polymer bead by a hyr'roi,2abl  or photolyzabic group,
e.g., located it one of the positions o= substrate. According; to the
Still et al. technique, the library is synthesized on a set of beads, each
head including a set  of tags identifying the particular diversomer on that
bead. In one embodimer:C which is  particularly suitable for discovering
enzyme inhibitors, the beads can be dispersed on the  surplice, of a
permeable niembrane, and the diver onsers rele, sed from the beads b'y'
lysis  of the bead linker. The diversorrer from each bead will diffuse
across the membrane to  an assay zone, lwere it will interact with an
enzyme assay, beta ed descriptions : f a  number of combinatorial
methodologies are provided belosw [00166] A growing; trend in the field
ofcombinat:?: a.i chemistry is to exr oii the  sensitivity of techniques
such as amass spectrometry (MS), e.g., which Cal: be usei`  characterize
sub-fenatorno!ar dmount, of a i;4'npourid. and to directly detemmne die
chemical constitution of a compound selected from a library. For instance,
where the library is provided on an insoluble support matrix, discrete pop
ulatiol:s of  



compounds can be first released from the support and characterized by MS.
In other  erubodiments, as part of the iNIS sample preparation tecImiqu.e,
such tits t:e hniqu a as  'lALLti can be used to release a compound from
the matrix, particularly where a labile  bond is used originally to tether
the compound to the matrix. For insta ce, a bead  selected from a library
can be irradiated in a step in order to release the  diversorner from the
matrix, and ionize th diversotner for MS analysis. [0016"j The libraries of
the subject method can take the roulti.pia library forinat.  Brretly,
Ceysen and co-workers (C,eysen et at (1984 .) PTJ AS 51 9' 9 8-'-1002)
introduced a 59 WO 2006A)89276 K'Tl/f'~ "I  raedioci for generatin ;
compound libraries by a pa .l_ el synthesis on poiyacryiic acid- grated
polyethylene pins arrayed in the rnicrotitre plate fbrr at. The Geysen tic
hninne  can be used to synthesize and screen thousands of compounds per
week using the  muitipin method, and the tethered compounds may be reused
many assays.  Appropriate linker moieties can also been appended to th phis
so that the compounds  may be cleaved from the supports after synthesis for
assessment of purity and further  evaluation (c.i:, Bray et al.
(1990)Tetrahedon Le-t31:5811.-5S!-I; Valerlo et al. (1991`  r nal Biochem
197:168-177; Bray et al. (1991) Tetrahedron Lott 7'2:6163-6 i6a6).  [00168]
In ;vet another embodiment, a variegated library of compounds can be
provided on a set of beads utilizing the strategy ofdig; ide-couple
i'ecornbine (see, e.g.,  Houghten (1985) PNAS 82:5131-5135; and 17.5.
Patents 4,631,21 i; 5,440,016;  5,480,971). Briet"ly, as the mu ie implies,
at each spakthesis step where degeneracy is  introduced into, the library,
the beads are divided into separate groups equal to the number  of
different subStitueI is to be added at a particular position in the
library, the different stibstitrtents coupled in separate reactions, and
the heads:ecombined into one pool for the  next iteration. (001691 In one
embodiment, the divide-couple-recombine strategy can he carried.  out using
an analogous approach to the so-called ".ea bag rneth  first developed by
Houghten, where compound synthesis occurs on resin scaled inside porous +:l
Y `;': _~ylene  bags (IIougJ ten et al. (1986) PNAS 82:5131-5135).
Suhstitnents are coupled to the  



co.rnpeuau-bearing resins by placing the bags in appropriate eiti?tion
solutions, white all  common steps such as resin washing and deprotection
are pertbtoned simultaneously in  one reaction vessel. At the end of the
synthesis, .ach bag contains a single compound.  (00170] A scheme o
combinatorial s; lthesis in which the identity 0i 'a compound  is given by
its locations on a synthesis substrate in termed a spatially-addressa`blee
synthesis. In one embodiment, the combinatorial process is carried out by
controlling the  addition of a chemical reagent to specific locutions on a.
solid support tow--r et a'.  (1991) Annu ten led_Che 26:271-380, Fodior,
S.P. i. 19-9 j Science 251 :;%67; Pirmmn n  ei al. (199") U.S. Patent No.
5,143,554; Jacobs et al, (1 94) Trends Bigtecl.rig; 1-2:'. q 6}. WO
2006/481}276 PE' The spatial resolution of photohihograph_y affords
miniaturi ation. This technique can he  carried out through the use
protection/deprotection reactio.ts nntn photolahlle protecting  groups.
[001711 The key points of this technology are illustrated in Gallop et al.
(1 94) t  ?ylea Chern 37:1233-1251..A synthesis substrate is prepared fix
coupling through the  covalent attachment of photolabile Ilitr,,era;y
?.C%ir : i (iNVOC) protected amino  linkers or other photolabile linters.
Light is used to selectively activate a specified r"141 "XI  of the
synthesis support for coup ing_ Removal of the phcotolabile protecting
groups by h yllt (depi'ote t1C rtj T suits in activation of selected areas.
After activation, the first o a  set of amino acid analogs, .ac hearing a
llotelab le IJ o:edit 4.` ^I'olel, on '; aruti terminus, is exposed to the
entire surface. Coupling only occurs in. regions that were  addressed by
?fight in the preceding step. The reaction is stopped, the plates washed,
and  the substrate is again illuminated through a second mask, activating
aL different region for  reaction with a second protected building block.
The pattern of masks and the sequence  of reactants define the products and
their locations. Since this process utilizes photolithography technique s,
the number of compounds that can be syn` esized is limited  only by the
number of synthesis sites that can he ad tressed with appropriate
resolutielx.  The pC951tLOT7 of each compound is tJr<:.^,LSeI'V ]<riOld'R,
ln.-^nCfy its ant: ?'actl OJis i.Y'..rr! :: ~..-Lr  molecules can be
directly assessed, [00172] Tn a light-directed chemical Barth is, the
products depend on the pattern  



of illuini.ination and on. the order of addition of rcl etants- BY varying
the lithogra :llic  patterns, many different sets of test compounds can he
synthesized sim Itaaneously; this  characteristic leads to the generation
of many different nlaski ;_; sc. ategies. 1001731 In yet another
embodiment, the subject method. utilizes a compound library  provided with
an encoded tagging system . A recent r.m rovernent nil The isle titicatio
of  e active compounds from combinatorial iibr4ries employs chemical
indexing systems 1:81I g  fags that U[7'ti5,1l.E:lV encode Tin.-, reaction
steps a given bead has undergone 1[i Cl, by  inference, the structure it C
tries. Conceptually, this approach mimics phase display  libraries, where
activity derives front expressed peptides, but the stme'_uYes of the activ<
52 WO 2006/089276 peptides are deduced from the corresponding genolnic L \i
sequence. The first  ~i el1GC?t,[ng of Jyn,Fr.,tle:. combinatorial
libraries em-p.oyed DNA as the GGi1e. A variety Of  other forties of
encoding have been reported, including ercodin, with sequenceabbie bin-
oligomers ohgonucleotides and peptides,), and binary encoding with
addition; l non- sequenceabietags. [00174) The principle of using
olizonucie;,tides to ;.:code combinatorial synthetic  libraries was
described in 1992 (Brenner et aJ. (1992) 13N A6 89:5381-5383), and an
example. of such 'a library Appeared the following year (Needles et al..
(1993) RNAS 90: 10700-10704). A combinatorial library of nominal (=
8^3,513) peptides  composed of all combinations ofArg. Gin, Phe, Lys,, Val,
iJ-Val arid Thr (t ree-letter  amino acid code), each of which was encoded
by a specific dinuoleo:ide (TA, TC, T,  AT, TT, CA and AC, respectively),
was prepared by a series of alternating rot:, ds of  peptide and
oligonuck-queue syithesis on solid support. n this ~ ork, the amine linking
functio ality on the bead :xias specitica'.ly differentiated toward peptide
or oligonuc'eotide  synthesis by sitill ltaneouely prelneubatniie the beads
with reagents that generate. protected  OH groups for oiigonucleotide s3
nthesis and protected .\H7 groups ti. peptide synthesis  llle--r , I. a
ratio of 1:20'p. When complete, the tags each consisted of hg-"_ilers, 14
units of 



which carried the code. The bead-bound library was incubated with a
fhuoi'essoeltly  labeled antibody, and beads containing bound antibody'
that F uorest_ed strongly t?'e;?: i'`  harvested by f cell sartinz c
iFr'r^'i,1 T he tags x sr.,er~c e amplified ~lugcscence-actr~~rded
r.~':~\,1 taugs by PCR and sequenced, and the predicted peptides were
synthesized. I"pi;owing S:i;i i  techniques, coinnouno libraries can be
derived toe- use in the subtect method, where the  oligonucleotide sequence
of the tag identifies the sequential combinatorial reactions that a
particular bead underwent, and therefore provides the identity of the
coropouxed on the  bead.. (001"5] The use of oligomuCleotide tags permits
exquisitely sensitive tag analysis.  Even so, the method requires careful
choice of orthogonal sets OC rote Ling r ups required for alternating
co-synthesis of the tag and the library nle7nl?er. Fgrthetrncre, t.le
chemical lability of the tag, patrticularly the phosphate and sugar
aoonieric list-kage . may Of  ~_onditi ~lil Mat e;,5t7. I:C l',Fn3lloye.S,1
fort e `jnthesis so  limit the choir : Of reat,'ents and ~.5 WO
2o06f(i892.76 PC F; s<:;>,a;;,(r)as  +oligomerie lib, aries. In preferred
embodiments, the libraries e roploy linkers peimiittins  ,elective
detachment of the test col L pound _ brary member for assay. 100176i
Peptides have also ;see 2 employed as tag, in molecules for combinatorial
libraries. Two exemplary approaches are described in the art, both of which
employ  branched linkers to solid phase upon winch coding and ligand
strands are alternately  elaborate ,d. In the first approach ((Kerr IM et
al. (1993') J Rif Chem- oc ;15:'1529-253  Sirtl,o;aonality in synthesis is
achieved by employing acid-labile protection for the Coding  strand and
base-labile protection for the compound strand. [001771 in an alternative
approach { il<olt ez; et ai. (': 99 ++} Pep _Iwes_G: t t 1-17(i;+,
branched linkers are employed so that the coding unit and the test compound
can. both he  attached to the same functional group on the resit. In one
embodiment, a cleavable miller can be placed between the branch point and
the bead so that cleavage releases a molecule  



containing both code and the compound (Ptek et al. (1991; Tetrahedron Lett
32:3891- 3894). In another embodiment, the cleavable linker can rbe ;laced
so that the test  compound can be selectively separated from the bead"
leaving the code behind. This last  construct is particularly valuable
because it Frier i:niis screening of the test compound  without potential
interference of the coding gioups. Examples in to art of independent
cleavage and sequencing of peptide library members and their corresponding,
tan S has  confirmed that the tags cal-, accurately predict the pcp?tidC.
structure. (001781 An alternative form of encoding the test compound
library, employs a sot o IiC'n-scquenCahie electrophori C: tc (.-"g;ib
mole's les that aic used as a binary c,: de (Ohlmeyer et al. (1993} .PAS
90:10922-10926). Exemplary tags are ha oarorn: tie alkyl  ethers that are
detectable as their trirnethylsilyl ethers at less than fenatomolar levels
by  electron captux gas chromatography (EMC). a iations i tl:e length of
the alkyl chain,  as well as the nature and position of the aromatic halide
substituents, permit the synthesis  of at les.~ +st 40 such tags, which in
principle can encode 246T e.g., upwards o-,(02) different .molecules. In
the original report (Ohlnieyer eta , supra) the tags were bound to  about
':3t+ of the available amine groups of a peptide library via a
ph+:!tocieavabie o- nitrobcnzyl linker, 1 his approach is convenient when
preparing connbinatortal libraries J4 WC} 2fi96i689278 t C'`.',' C~ 3~{lE
ifil3 :1;k  peptide -'tike or other amine-contain. ",g molecules. A more
versatile astern has, how ever.  been developed that permits encoding of
essentially any combinatorial library. Here, the  compound would. be
attached to the solid support vin the photociea able linker and the  tog is
attached through a catechoi ether lit ker via carbene insertion into the
bead matrix  (Tqestler et al. '1994) _ rk`._L~hcm 59:47' 2 _i-4724 i. This
orthogonal attachment strategy  permits the selects ire detachment of
library members for assay ill solutioii and subsequent  decoding by ECGC
after oxidative detachment of the tag: sets. [001'%9[ Although several
annde-inked libraries m the art employ binary encoding  with the
electrophoric tags attached to amine groans, cat aching these tags directly
to tml  brad matrix provides far greater versatility in the structures th t
can be prepared in  encoded combinatorial libraries. Attached in this way,
the tags, and their linker are nearly  



as lmreactive as the bead m:tr-ix itself. Two binary-encoded combinatorial
libraries have  been reported where the electrophoric tags are attached
directly to the solid phase  (Ohlmeyer et al. (1946} PNAS 92:6027-6031) and
provide guidance for generating the  subject compound library. Both
libraries were constructed using,, as orthogonal  attachment strategy in
which. the library member was linked to the solid support by a  photolabile
linker and the tags were attached through a linker cleavable only by
vigorous  oxidation. Because the library members can be repetitively
partially photoeluted from the  solid support, library members can be,
utilized h >. n Iultiple assays. Successive  photoelution also permits a
very high throughput iterative screening strategy: airt,  multiple beads
are placed in 96-well rnicmtiter plates; second, compounds are p ,;tially
detached and transferred to assay plates; third; a m etal binding assay
identities the active  wells; fourtla, the corresponding beads are
rearraved singly into new ,nierotiter plates; fil3 i. si ,gle active
compounds are identified: and sixth, tfie strs;c;':aree are decoded.
EXAMPLES [00180] The invention now being generally described, it will be
more readily  understood by reference to the following examples, which are
included rn re.1 for  ;urposes of illustration of certain aspects and
embocu agents oe the preset: t 7 ventic'' . and  are not intended to limit
the Il ierttliln. 55 \VO 2)O6!4)8!)276 ....;Lt 4Gi 0U:i64x  1001811
Preparation of Compound 1 is  c s-- Compound I t4 solution of sarcosine
dimet yl amide (0.22 nuC1'.ol) and triethylannnle (0.6 mmcl) in
methanol/niethylenc chloride 0:9, 1.2 rL;) was, treated w th suffhnyl
chloride (0.1 22  mniol) and stirred f'or 4 hours at 23C. The clear
solution was diluted with methylene  chloride (1;) niL) and washed with 10%
aqueous citric acid. the separated aqueous ;aver  was extracted with
dichlorornethane {i0 niL), and the combined organic layers were  washed
with brine and dried over sodium s lfate, The clear oil from concentration
ir  



vacua was partied by silica gel chromatography ,0.60(', water./I.2%%
methanol in ethyl acetate as eluent) ti yiti:ia_l a white s ,lid iii 87%~o
yield.  1001821 'Preparation of Compound 3. l N  Jr N~ ~i N'  Compound 3
%V(}?000ISE7fi b'4"`"/:;:~ i}f3fi; tif3$ftale  A solution of i*f-methvl-an
inoisobutyl ,rote( 7ylaniidcc (0.22 mro:) and sul oIlyl chloride  (0.122
nn-Lo!) were placed in a fl;ls and concentrated three tunes it m dry
dichloroethane (10 mL). The residue was restored. in dry d.urworomet}cane
ar,d  triethylamine (0,6 mrnoi), asui _jeunethyialnia.o)pyridine (2.5 rag)
was added. The  mixture was stirred for 6 hours at 23'C. The clear solution
was diluted with ineth`+'lene  chloride (Iii n:L) and washed with 10%
aqueous citric acid. The separated aqueous layer  was extracted with
dichloromettthane. (101mI_}, and the combined organic l alers were  washed
with We and dried over sodium sulfa`-e. The clear oil aom concentration, in
vacuo was purified by silica gel chromatography (0.6% water/1i.2`% metnanoi
in ethyl  acetate as elueIlt) to yield a white solid in 87% yieid Example 3
(001031 Vardenafil (Levitra`) is a selective inhibitor of PDES. The
structures of  vardenaul and analogs known in the art. were compared with
regard to activity and  pharinacokinetic, grope ties, The design of the
compounds of the present invention  involved modif.vug molecules using
fmctional groups to provide new compounds that  exhibit improved
phannacokinetic properties. The functional groups weae placed so as to
affect phaianacokinetic Properties, rather than activity. The set of
compounds that are  designed and synthesized included elements tiaat <iru
preiiicted to he metabolic products of  other elements of the set. (00'84(
Protein binding Was determined by standard tiiT"iitratiotl methods.
(00185] P'hosphodiesterase inhibition was determined by methods known to
one of  



All in the a? WO 2006/089276 FC'U& S2 ..,, ,... :,  j001861 Table 1.
.Properties of Compounds Modifies; by Attachment i?f Fu in:wn A  Pesi xes
------ - l~1 "iJ N COMPOT NDB ----- - - - - -- - - -  ,-- f'do. -- \ - Y,
cia3r Furr,3iEls\ ' c ' 7 i   f L 490.516 Cr . , t..1_. 2.2  0 .v N jj I 1
2 ~l 504.60_2 (' 'i,.N-_OS ..28': 6}. a)nrA  -------- -- ---- - .S 518'.625
C,,,1 sil . X98 .,.14 tiM  i' } ---- - -------- -------- - - C ' 561654
c211-1 5 O,S I c 0881- r 1--M,  ------- ----------- 5!o.6 3 G_qh V 0 :; 1
;S2 1,6 n'4`. i - I s n ,,  Saw C.; 0 68 GI  -  ~:~5.654 1 54 004 'M  1
8,001 2.04 



-- -- ----- -------- -- - 5s \VO 204 O,w84276 t.  l i:~Y ~aN. J I,  l ~J
Compo and R4 Molecular 16g'oleenlar d"7. alp ---.{  - ormu3 547.7 C"st C,.;
[.'; JsS .."?5 ' L5  N~ t I I 10 ..~ - 512ii56 '.57 2 n\4  I, I 1 1 \_: N
3346 8 C' 4H (1 154 0,15 nM  33 r`d  12 - ---- --- ----- N 1"i .~ ~~NH
490376 Casi-1~., 1'`r.G55 0.rS9 / aM OH1  -- --- - - ---- I ti %~-MA
490J'!6 03= aM I I  15 ?G450Z (:"d V,O,S L163 62hr\7  I i6 .~ 116.rif .23
142 rv1  ------- --------- - ------ -- ---- 59 WO 24006,089276 IC ,  



'COMPOUND B  ------- - ---- - --- --- - - --- --- Coaarpannd Molecular
M&ecuoa3 , of ----- beimhs I arl3suEa ~~s _,, _j  ^96.576 0 91',66 nNt c
fl-I 'iS - N :1fi0.576 +'~H,~'.a;C 0.`?I 'I ).3ri n?d  i I ii  iad 19 "XI,
~~. 04.6J2 ~JaB"y C "YI, G, i9 c@d  20 906.4 f5N c O S 045 0.2 p n !,1A  IN
474.549 ,i N O...R 6.55 i:175 ,?I Table 2. Physiochemical and.
Pharmacokanct c spa ; ::impounds .firmed by  substitution of compound A
Compound Caen=2 (10 6 crnls) PAMPA. (3 W cm .13" Sarolabt9a ~, gag mi i '
RLYI "9'r;, No 1.::a rare  No. Binding andtng fiat g - pI - # tali M.4 flex
pH Les 7 ("n) 17.46 43.88 5.49 1 129 't 12 10., 22 :1.u7% 1 1 Z I 3313
61.92 147. - --_ ~i ](~; .L6 237'f+0 9 68 8.5.` 4}'y Vii? 9-1 > TO 72-7
14,-, t i. 4'/;: - --------------  4 2.9", M 64  _.  5 ' 19,4 00 2 t t a t
n, ) 60 4'432006/089276 11 ;`,ia;li.00048  T c mpolmd C2 co-2 (20 6 art's)
1'AMPA (10' cirJ) Solubility (ug m ) RL` I T ;2 N n,Spcc '. t _ ..r.  6 100
P- - rsln ;gig <: JIQ 5115 Ons 



7 x 4 5 3595 01F ?10 0 S41 Y K 42U3 77'11 2d 41 ~ >Ili {ei 15 19 9976 %
----- -- ---- --- -- 9 2.33 11.31 ),0 10 0 r 8% 7~4  - 10 67.04 AN 77.87 11
11A 613 In 70,S7 64 7 Olt c =  ------- ---- - ------- - -- -- - - --------
--- ---------- - - ----- - 2 3339 50,43 13.9; 7u 96 3 30., .. - 13 0.42
74.6 69.4 . , I ! 0. l7 6395 62W  5 5 8 34,9 ! 025 3.41 825 7417 -..-_..---
16 ----- - -- r 0,26 70.!15  18 0 18 -"03  ;, 19 2.43 ---- - - - - 100 t o
o ~ 20 24.27 5 2 3 1034,. 11( 0 3 b..3% 960  '' 15 3 .15 0.24 > 100 100 WO
200614N,9276 Table, 3. PDE 5 Selectivity Data. Comparison of selectivity
for PDE-5, PDE--1, ' ?+ 3  and PDE-6 for Compounds formed by substitution
of con ox a1 A. -- o IN COMPOUND B  ('Cptaa(c)x LC5O Crt:ofx  Co Pfi3h; ^
1'nr:-5 i fl37]'tila ti ~.E  



Eh PD} -1 i'a3E-3 1'rD. bovine human 1 ~ Y ", ?LS 0122 >.GSF"' ..5'0
zitti. ria1 n1Y`  i:. 507 - 0101 6.039; ; ",.605 7. x' 13 ztio't ~, G-10
0.16 ! 9-.6  H iiiW1 i5if - ._ _. __- ."-~.  41 t1.13s 0 X,- F3V 1-M n vi
FI l 0_10 U 1') p  - --- ------- - --- ----- --- ---- ------ ---- ---- ----
--- - -- ---- - - 5aM .084 Z01 il  -- ----- ---- -- - ---- - -- -- u fm F -
E 6 :7`T z11 r - 4 r?vl_ - - - _ .J - - ----. ' - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - ll !  B 4 6 i I ~. ~., i20{i OJJS Y 4 :I D 34.5 125i) 10 M  nI/I flM
ah4 j - ----------- 95 11M nP: I Q.6 `ri  - - ---- -- --- ---------- - ----



62 \VO 20061089276 P CI IL.2iH;ti,''iiR 60  SO_- R COMPOU\D 3 d;stotox E C
` v .v  PDEJ PODS rt- C 50  d,mm I 'DR-3 .L 6 r-.  No. R, ' PDx'-1 bovine
.^n ~:IEPOfIeC :C2:ga  U -  S30 I o'o 032  TIM  ~---~ --- ~--------fir----
~---- `----- ~ . o 34.0 2300 um Al n1v,C ~.. ~~ W.8 712 0 98 1 flm J .10
013  H R 40.0 45 6 s lo 941 H ;IM ~ I I  n ,t :LY? L.'.. i ----- --- -- ---
- ---- -- 14 31 Al mo  i t vRi all FI ib9  --- ------ - ------- ---- --- -
- -- ---- y 17.6 523 "0256 "213 



1" lu o j  13.00 400 442 3.80 nM 16vl loo  16 :x 4 um I 3S,fj i100 0,6(C) H
- - -- . J 63 WO 20WVCI c276 PC /';Y,2.i ,/tii3&?$  II ~, 5c,-k^  CGMPOU\ ;
B ----------- -- --------- ----- ----- - ----- - -----~ I- r  3ro7a~ 14-
53J C+taBrx I  N , Ifl3i;-1 P13E-3 YI S o. haPinC krar..:v7 j Chionjc Acute
I  20,0 1706 033; i0 8 J.Iti 3U  rtYS L~ 'ti iY` r1"7 am n'U.t J.10 ,`v ;
281:110 ti 243 20 : 1 I U.'0 0  ` rrr_ 3ati,T um.. aNi ?I IG.B; 443 1/ rM I
PlI aM e %f  Incorporation by Reference 10011871 All of the patents aid
publications cited herein are hereby by  reference in their entireties. 



Equivalents  [001801 Those skilled in the art will iecogjtize, or be able
to 2SG' S 'e37 using no -;'ore  than routine exoe nientat!on, many
equivalents to the Spec ie. ti.t3713Ci t3.131 F1t5 of the in ention
described herein. Such equivalents are intended to be encompassed by it
lC'.1 tow inz ; lai '.. 4 WI) 2itt)di7i18'fr2"G PC  We Claim: A compound of
for ula k N  A, ~./ `,N, 8\7 ;A) or pharn-4ace utically acceptable sali,
stereoisorrer, or :hydrate thereof, wherein  Ill is lower alkyl; R2 and R3
are. independently selected from lower alkyl, and low -or alkenyl and lower
alkyilyi,  wherein the lower alkyl, loh'er alkenyl, and lower alkynyl may
be optionally substituted with  one or more halogen, lower alkoxy, hydroxy,
CN, NO2, amino, a ;-lanrino, anzido, carbonyl,  and allcylthio; AisNorC-H,
B is N, C-H, C-(SO2-R`), or C-CO-R`i;  D Is N, C-Iz, C-f'S-32-Ra1) Or
C-"O-R,i>  EisNorC-.H; wherein only one of: A, B or E, nay be N and one of
13 or Ti : is C.(S02 or  C-CO..R4; R'' is a ;a,r oup having the fornula: R
(C) each R', R", R and RS' are sEle%f:pendentl,' selected from if and 1C
h'er allwl, w11erE31"1 the lower  alkyl may be optionally SE1bstituted 'h't
i,'1 one or more haloge.C, lower alkox , htit.roxy, t. N, i " r. nct r NO2,
aan~taa, ac><la;..ino; arsuci., carbon,l, aad alic~ritklic, a_ additionally
c rw;ffm:>aeelc kC 



and R5 together fom a 5- or 6-membered Nina, or R` and R' together form a 3
to 6 wen-iberLd  ring; WO 2OO61089276 C$,... '~1~5+p{,j BY is independent y
selected hum H and lower alkyl, wherein the lower alkyl may be  optionally
substituted with one or more halogen, lower a;koxxy, hyd7roxy, CN, NO,,
amino,  a" ylamino, amido, : arbonyl. and a kyltluo; alternatively RF and
BY together with the nitrogen to which they are attached fog r a or 6-
rnemhered ring; n is I to 4; and in is Ito 6. 2. The compound of Claim I
wherein:  A is C-1-_i; B is C-H; D is C-(SO -R` and  B is C-f?. 3. The
compound of Claim 2, wherein to is I or 2.  4. The compound of Claim 3,
wherein n is 1. 5. The compound of Claim I, wherein:  R` is ethyl R` is
methyl  R3 is propyl  A is C-1-1; 3 is C-I-l; 15 is C-(SOz-R4); and  E is
C-3T. `. The compound of Claim l having the .formula:  C) is N  1 `3  k" <'
g'  wherein, 



R', I'mo', R3 Imo', R', R', fLh and tt' are as dr,ined is ciaini i for
farrnmia A.  66 wo 200WOR9275 7. The compound of Claim 5 having the f;
rrnula  O  R .0 HN ice. t ri  wherein, Rl, R2 and R3 are independently
selected from Hand lower alkyl, wherein the lowed' alky'i  may be
optionally substituted with one or more halogen, Lower alkoxy, hvdroxy, CN,
NO2, ai Ino, acvlamino, anndo, carbonyl, and a1Icylthio. 8. The compound of
Claira i having the formula:  =.=  'o Marv -`. N  L.3  Q--- .,v\ ..
wherein. R, is in-wer alkyl; Rz and R' are independently selected from
loaner alkyl, and lower a kenyl an; lower  alkyiryl, wherein the lower
alkyl, lower alkenyl, and lower mien' yl may be optionally  substituted
with one or more halogen, lower alkoxy, hydroxy, CN, NO2, Oamino,
acylamlno, aPrndo, aararayl, and allcrfthio: R`, R, l2', R', R", R", R` and
R2 are independently selected from H and lowwrer  alkyl, wherein the lower
alkyl nay be optionally substi ut d with one or ;Hurt h logen, Lower
alkoxy, hs'droxy, CN, NO2. naino, acylamtuio, amino, carbonyl, and  alit
yithio; and additionally or alternatively R` and R 5. or R" and P. together
form a 5- or 5_  membered A g or t7 and R', or R1.. and R1 , toe; that
1'orrn a 3 to 5 mcaxnere<P -4tig; and  



R' and Kl` together with the nitrogen to whi h they are attached form a 5-
or 6-tu rabered  ring. 6 WO 2-90 ,A)S92wti i'?E~(i?+ l blQG 318  9. The
compound of Claim 8 having the formula wherein,  R', r? x3R5 b 9ariii l,.
r:2a.re ._n , I~.; I~., R. W MA d ~:ei?eii in. claim S.  10. The compound
of Claim. 9 having the ,rsnu.la.: o rz  )i (  ~ fl where n, Rt is lower
alkyl; and  a n'' and R" are independently selected from lower aikyi, and
lower alkenyl and lower  alkynyl, wherein the lode- a.llcyl, to w'er
alkenyl, and 'ower alkynyl may be _piion i y  substituted with one or more
halogen, lower alku y, l]y'droxy. (J1?, NO2, amino,  acyhmni..o, anlido,
carbonyl, arid alkylthio. 1 i. The con mound o[C;lainl 1, having the
fi:-nvda selected from:  6.. \VO 2 }Ip !98927 r u  o t  'C HN , ,~. C; HN ~
N sr, I "-i  ~U HfJ' r 'i ;A f jN  00,  Sl l'. N I' 



rh O O  i 0 FIN, is  0 4 o  J Hi. \ f~N 3 HN' jam,  69 %VO 2OtUr.'li`S92"b
P6__'17U:` ii3ii(e,riliit D41  r u c  I c  '7 HN'h _ J` e li ~[ l i j P! ;J
SIC, 12, A compound of form. ula D or pharinaceuireally acceptable salt,
stereoisomer, or hydrate thereof, wherein;  R' is lower alkyl; R2 and R 3
an independently selected horn lower al:iL':, and derv C;r a?. G-il J and
lower aikynyl, wherein: the lower alkyl, lower ,1Ptel,y~l, arid lower
alkynyl may be optionally  substituted with one or more halogen, lower
aikoxy, by iroxy, C.:\, ,'''O?' amino, ae- airlirio, ainido, carbonyl, and
aikyltato;  A is N or L'-FI. B is N, C-1I. C-(S02 -1%al -R ), or C-Chi-NH-R
";  D is N, C-H, C-(SO, -!'qtr-R' 3) or C-CO-NH--R.:  is N or C--H; wherein
only one of A, B or E may be .N, and one of B or I) is C-(S ):-NH-R') or  



C,'-CO-NTI-12' ; R'3 is lower alkyl. :G W O 20IM18HO276 is  13. The
compound of Claim 12, wherein R" is methyl. 14. The compound of Claim 12,
wherein R2 and R: are independently selected from lover  alkyl. i5. The
compound of Clain; 12, having the formula or pharmaceutically acceptable
salt, stereoisomr, or hydrate the_reeof, wherein  R' is lower alkyl; R` and
R' are independently selected from lower alkyl, and lo,~E er aike::zy and
lower alkynyi,  wherein the lower alkyl, sower alitenyl, and lower
alky^.`,yl may ire optionally substituted with  one or more halogen, lower
a11i;,xv, ixydrox}r, C;\, C? _ am ;:io, <:cytar: eno, anrido, ccarbonyl,
and aikyhhio; and p')3 is selected from lower alkyl 15. The compound of
Claim 15, wherein R13 is methyl. IT The compound of Claim 15, wherein R`'
and R3 are independently selected from lower  alkyl. 18. The compound of W
n 15 having the formula  `o :r; %VO 200(0)2"6 '~: ;71~>i11Eb/f';;:i;3is  1
)). A 7Ji1FlIIT aceutical c mpositro is comprising a C0773j~H)fdnd
according to claim I or E;,.a?SIl  12 and a 1$3araiaceutically acceptable
carrier. 72 


