
NOVEL BETULIN DERIVATIVES,PREPARATIONTHEREOF AND USE THEREOF [0001] This
application claims the benefit of the filing date of U.S. Appl. No.
60/626,886, filed November 12, 2004 and U.S. Appl. No. 60/653,080, filed
February 16, 2005, both of which are incorporated by reference herein in
their entirety. BACKGROUND OF THE INVENTION Field of the Invention [0002]
The present invention relates to novel synthetic derivatives of betulin and
the use of such derivatives as pharmaceuticals. Related Art [0003]
Retroviruses are small, single-stranded positive-sense RNA viruses. A
retroviral particle comprises two identical single-stranded positive sense
RNA molecules. Their genome contains, among other things, the sequence of
the RNA-dependent DNA polymerase, also known as reverse transcriptase. Many
molecules of reverse transcriptase are found in close association with the
genomic RNA in the mature viral particles. Upon entering a cell, this
reverse transcriptase produces a double-stranded DNA copy of the viral
genome, which is then inserted into the chromatin of a host cell. Once
inserted, the viral sequence is called a provirus. Retroviral integration
is directly dependent upon viral proteins. Linear viral DNA termini (the
LTRs) are the immediate precursors to the integrated proviral DNA. There is
a characteristic duplication of short stretches of the host's DNA at the
site of integration. [0004] Progeny viral genomes and mRNAs are transcribed
from the inserted proviral sequence by host cell RNA polymerase in response
to transcriptional, regulatory signals in the terminal regions of the
proviral sequence, the long terminal repeats, or LTRs. The host cell's
protein production machinery is used to produce viral proteins, many of
which are inactive until processed by virally encoded proteases. Typically,
progeny viral particles bud from the cell surface in a non-lytic manner.
Retroviral infection does notnecessarily interfere with the normal life
cycle of an infected cell or organism. However, neither is it always benign
with respect to the host organism. While most classes of DNA viruses can be
implicated in tumorigenesis, retroviruses are the only taxonomic group of
RNA viruses that are oncogenic. Various retroviruses, such as Human
Immunodeficiency Virus (BIV), which is the etiological agent responsible
for acquired immune deficiency syndrome (AIDS) in humans, are also
responsible for several very unusual diseases of the immune system of
higher animals. [0005] Human Immunodeficiency Virus (HIV) is a member of
the lentiviruses, a subfamily of retroviruses. HIV infects and invades
cells of the immune system; it breaks down the body's immune system and
renders the patient susceptible to opportunistic infections and neoplasms.
The immune defect appears to be progressive and irreversible, with a high
mortality rate that approaches 100% over several years. [0006] HIV-I is
trophic and cytopathic for T4 lymphocytes, cells of the immune system which
express the cell surface differentiation antigen CD4, also known as OKT4,
T4 and Ieu3. The viral tropism is due to the interactions between the viral
envelope glycoprotein, grl20, and the cell-surface CD4 molecules (Dalgleish
et al, Nature 312:163-767 (1984)). These interactions not only mediate the
infection of susceptible cells by HIV, but are also responsible for the
virus-induced fusion of infected and uninfected T cells. This cell fusion
results in the formation of giant multinucleated syncytia, cell death, and
progressive depletion of CD4 cells in HIV-mfected patients. These events
result in HIVinduced immunosuppression and its subsequent sequelae,
opportunistic infections and neoplasms. [0007] In addition to CD4+ T cells,
the host range of HIV includes cells of the mononuclear phagocytic lineage
(Dalgleish et al, supra), including blood monocytes, tissue macrophages,
Langerhans cells of the skin and dendritic reticulum cells within lymph
nodes. HIV is also neurotropic, capable of infecting monocytes and
macrophages in the central nervous system causing severe neurologic damage.
Macrophage/monocytes are a major reservoir of HIV. They can interact and
fuse with CD4-bearing T cells, causing T cell depletion and thus
contributing to the pathogenesis of ADDS. [0008] Considerable progress has
been made in the development of drugs for HIV-I therapy during the past few
years. Therapeutic agents for HIV include, but are not limitedto, AZT, 3TC,
ddC, d4T, ddl, tenofovir, abacavir, nevirapine, delavirdine, emtricitabine,
efavirenz, saquinavir, ritonavir, indinavir, nelfinavir, lopinavir,
amprenavir, fosamprenavir, tipranavir, and atazanavir or any other
antiretroviral drugs or antibodies in combination with each other, or
associated with a biologically based therapeutic, such as, for example,
gp41 -derived peptides enfuvirtide (Fuzeon; Trimeris-Roche) and T-1249
(Trimeris), or soluble CD4, antibodies to CD4, and conjugates of CD4 or
anti-CD4. Combinations of these drugs are particularly effective and can
reduce levels of viral RNA to undetectable levels in the plasma and slow
the development of viral resistance, with resulting improvements in patient
health and life span. [0009] Despite these advances, there are still
problems with the currently available drug regimens. Many of the drugs
exhibit severe toxicities, have other side-effects (e.g., fat
redistribution) or require complicated dosing schedules that reduce
compliance and thereby limit efficacy. Resistant strains of HIV often
appear over extended periods of time even on combination therapy. The high
cost of these drugs is also a limitation to their widespread use,
especially outside of developed countries. [0010] There is still a major
need for the development of additional drugs to circumvent these issues.
Ideally these would target different stages in the viral life cycle, adding
to the armamentarium for combination therapy, and exhibit minimal toxicity,
yet have lower 



manufacturing costs. [0011] Previously, betulinic acid and platanic acid
were isolated as anti-HIV principles from Syzigium claviflorum. Betulinic
acid and platanic acid exhibited inhibitory activity against HIV-I
replication in H9 lymphocyte cells with EC 0 values of 1.4 mM and 6.5 mM,
respectively, and T.I. values of 9.3 and 14, respectively. Hydrogenation of
betulinic acid yielded dihydrobetulinic acid, which showed slightly more
potent anti- HIV activity with an EC50 value of 0.9 and a T.I. value of 14
(Fujioka, T., et al, J. Nat. Prod. 57:243- 247 (1994)). [0012]
Esterification of betulinic acid with certain substituted acyl groups, such
as 3',3'- dimethylglutaryl and 3',3'-dimethylsuccinyl groups produced
derivatives having enhanced activity (Kashiwada, Y., et al, J. Med. Chem.
39:1016-1017 (1996)). Acylated betulinic acid and dihydrobetulinic acid
derivatives that are potent anti-HIV agents are also described in U.S.
Patent No. 5,679,828.- A - R= H(Betulinic acid) [0013] U.S. Patent No.
5,468,888 discloses 28-amido derivatives of lupanes that are described as
having a cytoprotecting effect for HIV-infected cells. [0014] Japanese
Patent Application No. JP 0 1 143,832 discloses that betulin and 3,28-
diesters thereof are useful in the anti-cancer field. (Betulin) [0015]
Esterification of the 3 carbon of betulin with succinic acid produced a
compound capable of inhibiting HIV-I activity (Pokrovskii, A.G. et ah, Gos.
Nauchnyi Tsentr Virusol. Biotekhnol. "Vector" 9:485-491 (2001)). [0016] A
need continues to exist for compounds which possess potent antiretroviral
activity, especially anti-HF/ activity, with improved biodistribution
properties and different modes of action. Such compounds are urgently
needed to add to existing anti- HIV therapies. There is also a need for
safe and effective compounds that can betopically applied to vaginal or
other mucosa to prevent HIV infections between individuals. SUMMARY OF THE
INVENTION [0017] The present invention is related to novel betulin
derivative compounds having Formula / , or a pharmaceutically acceptable
salt or prodrug thereof, wherein the substituents are as defined herein.
[0018] Another aspect of the present invention is directed to
pharmaceutical compositions, comprising one or more compounds of Formula I
, and a pharmaceutically acceptable carrier or diluent. One or more
additional pharmaceutically active compounds can also be included in these
compositions. [0019] The compounds of Formula / are useful as
anti-retroviral agents. Therefore, the present invention provides methods
for inhibiting a retroviral infection in cells or tissue of an animal,
comprising administering an effective retroviral inhibiting amount of a
compound of Formula I . Some embodiments are directed to a method for
treating a patient suffering from a retroviral-related pathology,
comprising administering to the subject a retroviral inhibiting effective
amount of a pharmaceutical composition that includes a compound of Formula
/ . Also included is a method of treating HIV-infected cells, wherein the
HIV infecting said cells does not respond to other HIV therapies.[0020] The
betulin derivatives of Formula / can be used in a combination therapy with
one or more antiviral agents. Thus, the present invention provides a method
of treating a patient suffering from a retroviral-related pathology,
comprising administering to the patient a retroviral inhibiting effective
amount of at least one compound of Formula I in combination with one or
more antiviral agents. The present invention is also directed to a method
for treating a subject infected with HIV-I by administering at least one of
the above-noted betulin derivatives, optionally in combination with any one
or more of the known anti-AIDS therapeutics or an immunostimulant. [0021]
The present invention also provides a method of preventing transmission of
HIV infection between individuals hi particular, the present invention
provides a method of preventing transmission of HIV infection from an HIV
infected pregnant woman to a fetus, comprising administering to the woman
and/or the fetus a retroviral inhibiting effective amount of one or more
compounds of Formula I during pregnancy or immediately prior to, at, or
subsequent to birth. [0022] Further, the present invention provides a
method of preventing transmission of HIV infection during sexual
intercourse, comprising applying a retroviral inhibiting effective amount
of a topical composition including one or more compounds of Formula / to
vaginal or other mucosa prior to sexual intercourse. [0023] Furthermore,
the present invention is directed to a method for making compounds of
Formula J . [0024] Additional embodiments and advantages of the invention
will be set forth in part in the description as follows, and in part will
be obvious from the description, or can be learned by practice of the
invention. The embodiments and advantages of the invention will be realized
and attained by means of the elements and combinations particularly pointed
out in the appended claims. [0025] It is to be understood that both the
foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as
claimed.DETAILED DESCRIPTION The present invention is directed to compounds
having Formula / : or a pharmaceutically acceptable salt or prodrug
thereof, wherein: R1 is C3-C20 alkanoyl, carboxyalkanoyl, carboxyalkenoyl, 



alkoxycarbonylalkanoyl, alkenyloxycarbonylalkanoyl, cyanoalkanoyl,
hydroxyalkanoyl, aminocarbonylalkanoyl, hydroxyaminocarbonylalkanoyl,
monoalkylaminocarbonylalkanoyl, dialkylaminocarbonylalkanoyl,
heteroarylalkanoyl, heterocyclylalkanoyl, heterocyclylcarbonylalkanoyl,
heteroarylaminocarbonylalkanoyl, heterocyclylaminocarbonylalkanoyl,
cyanoaminocarbonylalkanoyl, alkylsulfonylaminocarbonylalkanoyl,
arylsulfonylaminocarbonylalkanoyl, sulfoaminocarbonylalkanoyl,
phosphonoaminocarbonylalkanoyl, phosphono, sulfo, phosphonoalkanoyl,
sulfoalkanoyl, alkylsulfonylalkanoyl, or alkylphosphonoalkanoyl; R2 is
formyl, carboxyalkenyl, heterocyclyl, heteroaryl, -CH2SR14 , CH2SOR14,
CH2SO2R14,(i) (") (Hi) (iv) (V) (vi) (vii) (v pi) R3 is hydrogen, hydroxyl,
isopropenyl, isopropyl, l'-hydroxyisopropyl, l'-haloisopropyl,
l'-thioisopropyl, l'-trifluoromethylisopropyl, 2'-hydroxyisopropyl,
2'-haloisopropyl, 2'-thioisopropyl, 2'-trifluoromethylisopropyl,
l'-hydroxyethyl, 1'- (alkoxy)ethyl, l'-(alkoxyalkoxy)ethyl,
l'-(arylalkoxy)ethyl; l'-(arylcarbonyloxy)ethyl, acetyl,
1'-(hydroxyl)-1'-(hydroxyalkyl)ethyl, (2'-oxo)tetrahydrooxazolyl,
l',2'-epoxyisopropyl, 2'-haloisopropenyl, 2'-hydroxyisopropenyl,
2'-aminoisopropenyl, T - thioisopropenyl, 3'-haloisopropenyl,
3'-hydroxyisopropenyl, 3'-aminoisopropenyl, 3'- thioisopropenyl,
l'-alkoxyethyl, l'-hydroxyiminoethyl, l'-alkoxyiminoethyl, or wherein Y is
-SR33 or -NR33R34; R3 is hydrogen or hydroxy; R33 and R34 are independently
hydrogen, alkyl, alkanoyl, arylalkyl, heteroarylalkyl, arylsulfonyl or
arylaminocarbonyl; or R33 and R34 can be taken together with the nitrogen
to which they are attached to form a heterocycle, wherein the heterocycle
can optionally include one or more additional nitrogen, sulfur or oxygen
atoms; m is zero to three; R4 is hydrogen; or R3 and R4 can be taken
together to form oxo, alkylimino, alkoxyimino or benzyloxyimino;R5 is
C2-C20 alkyl, alkenyl, alkynyl, carboxy(C 2-C20)alkyl, amino, aminoalkyl,
dialkylamino, monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl,
cyanoalkyl, alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl, sulfo,
phosphono, sulfoalkyl, phosphonoalkyl, alkylsulfonyl, alkylphosphono,
alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocyclylcarbonylalkyl,
cycloalkylcarbonylalkyl, heteroarylalkylaminocarbonylalkyl,
arylalkylaminocarbonylalkyl, heterocyclylalkylaminocarbonylalkyl,
carboxyalkylaminocarbonylalkyl, arylsulfonylaminocarbonylalkyl,
alkylsulfonylaminocarbonylalkyl, arylphosphonoaminocarbonylalkyl,
alkylphosphonoaminocarbonylalkyl, or hydroxyimino(amino)alkyl; R6 is
hydrogen, phosphono, sulfo, alkyl, sulfoalkyl, phosphonoalkyl,
alkylsulfonyl, alkylphosphono, cycloalkyl, cycloalkenyl, heterocyclyl,
aryl, heteroaryl, carboxyalkyl, alkoxycarbonylalkyl, cyanoalkyl; CH2CONR7R
, trialkylsilyl, ethoxyethyl (OEE), or tetrahydropyranyl ether (OTHP); R7
and R8 are independently hydrogen, alkyl, aminoalkyl, monoalkylaminoalkyl,
dialkylaminoalkyl, carboxyalkyl, alkoxyalkyl, alkoxyalkoxyalkyl,
alkoxycarbonylaminoalkoxyalkyl, alkoxycarbonylaminoalkyl, aminoalkoxyalkyl,
alkylcarbonylaminoalkyl, heterocyclyl, heterocyclylalkyl, aryl, arylalkyl,
arylcarbonylaminoalkyl, cycloalkyl, alkylsulfonyl, arylsulfonyl, or
heteroarylsulfonyl, heterocyclylsulfonyl, or R7 and R can together with the
nitrogen atom to which they are attached form a heterocyclyl or heteroaryl
group, wherein the heterocyclyl or heteroaryl can optionally include one or
more additional nitrogen, sulfur or oxygen atoms; R9 is hydrogen,
phosphono, sulfo, alkyl, alkenyl, trialkylsilyl, cycloalkyl, carboxyalkyl,
alkoxycarbonyloxyalkyl, aminoalkyl, monoalkylaminoalkyl, dialkylaminoalkyl,
alkoxyalkyl, cyanoalkyl, phosphonoalkyl, sulfoalkyl, alkylsulfonyl,
alkylphosphono, aryl, heteroaryl, heterocyclyl, arylalkyl, heteroarylalkyl,
heterocyclylalkyl, or dialkoxyalkyl; R10 and R1 1 are independently
hydrogen, alkyl, amino, aminoalkyl, monoalkylaminoalkyl, dialkylaminoalkyl,
carboxyalkyl, alkanoyloxyalkyl, alkoxyalkyl, hydroxyalkyl, cyanoalkyl,
alkoxyalkoxyalkyl, alkoxycarbonylaminoalkoxyalkyl,alkoxycarbonylalkyl,
hydroxycarbonylalkyl, alkoxycarbonylaminoalkyl, aminoalkoxyalkyl,
alkylcarbonylaminoalkyl, heterocyclyl, heterocyclylalkyl, aryl,
heteroarylalkyl, arylalkyl, arylcarbonylaminoalkyl,
heterocyclylheterocyclylalkyl, heterocyclylarylalkyl, arylaminoalkyl,
aminocycloalkyl, alkylsulfonyl, arylsulfonyl, alkylsulfonylaminoalkyl,
arylsulfonylaminoalkyl, or cycloalkyl, or alkyl interrapted by one or more
oxygen atoms, or R1 and R11 can together with the nitrogen atom to which
they are attached form a heterocyclyl group, wherein the heterocyclyl can
optionally include one or more additional nitrogen, sulfur or oxygen atoms;
R12 and R13 are independently hydrogen, alkyl, alkenyl, alkylamino,
alkynyl, alkoxy, alkoxycarbonyl, alkoxyaminoalkyl, cycloalkyloxo,
heterocyclylaminoalkyl, cycloalkyl, cyanoalkyl, cyano, sulfo, phosphono,
sulfoalkyl, phosphonoalkyl, alkylsulfonyl, alkylphosphono, alkoxyalkyl,
heteroaryl, heteroarylalkyl, dialkylaminoalkyl, heterocyclylalkyl, or R12
and R13 can together with the nitrogen atom to which they are attached form
a heterocyclyl group or a heteroaryl group, wherein the heterocyclyl or
heteroaryl can optionally include one or more additional nitrogen, sulfur 



or oxygen atoms, or R12 and R13 can together with the nitrogen atom to
which they are attached form an alkylazo group, and d is one to six; R14 is
hydrogen, alkyl, alkenyl, arylalkyl, carboxyalkyl, carboxyalkenyl,
alkoxycarbonylalkyl, alkenyloxycarbonylalkyl, cyanoalkyl, hydroxyalkyl,
carboxybenzyl, aminocarbonylalkyl; R1 and R1 are independently hydrogen,
alkyl, alkoxycarbonyl, alkoxyaminoalkyl, cyclo(oxo)alkyl,
cycloalkylcarbonyl, heterocyclylaminoalkyl, cycloalkyl, cyanoalkyl, cyano,
sulfo, phosphono, sulfoalkyl, phosphonoalkyl, alkylsulfonyl,
alkylphosphono, alkoxyalkyl, heterocyclylalkyl, or R1 and R16 can together
with the nitrogen atom to which they are attached form a heterocyclyl
group, wherein the heterocyclyl can optionally include one or more
additional nitrogen, sulfur or oxygen atoms, or R1 and R16 can together
with the nitrogen atom to which they are attached form an alkylazo; R17 is
hydrogen, alkyl, perhaloalkyl, alkoxy, alkenyl, carboxyalkyl, amino,
aminoalkyl, monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl,
alkoxycarbonyl, cyanoalkyl, alkylthioalkyl, alkylsulfmylalkyl,
alkylsulfonylalkyl, cycloalkyl,cycloalkylalkyl, aryl, arylalkyl,
heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl,
alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocyclylcarbonylalkyl,
cycloalkylcarbonylalkyl, heteroarylalkylaminocarbonylalkyl,
arylalkylaminocarbonylalkyl, heterocyclylalkylaminocarbonylalkyl,
carboxyalkylaminocarbonylalkyl, arylsulfonylaminocarbonylalkyl,
alkylsulfonylaminocarbonylalkyl, or hydroxyimino(amino)alkyl; R18 and R1
are independently hydrogen, methyl or ethyl, preferably hydrogen or methyl;
and d is from one to six; and R20 is hydrogen, C1-C6 alkyl, or aryl;
wherein any alkyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl group, or
any substitutent which includes any of these groups, is optionally
substituted. [0027] Preferred compounds of Formula / are defined as above,
with the provisos that: when R1 is C3-C20 alkanoyl, carboxyalkanoyl or
alkoxycarbonyl, and R3 is isopropenyl, isopropyl, 2'-hydroxyisopropyl,
2'-haloisopropyl, or 2'-thioisopropyl, and R2 is formula (i), formula (ii)
or formula (iv), then R5 cannot be C2-C2 alkyl or carboxy(C2- C2o)alkyl, or
R6 cannot be hydrogen or carboxyalkyl, or R9 cannot be hydrogen; when R1 is
carboxyalkanoyl, and R3 is isopropenyl, isopropyl, isobutyl, isobutenyl, or
2'-hydroxyisopropyl, and R2 is formula (ii), formula (iv) or formula (v),
then R6 cannot be alkyl, R9 cannot be alkyl or carboxyalkyl, and R1 and R11
cannot be carboxyalkyl; when R1 is carboxyalkenoyl, R2 is formula (ii), and
R3 is isopropenyl, then R cannot be hydrogen; and when R1 is
3',3'-dimethylsuccinyl, R2 is formula (iv), and R9 is hydrogen, then R3
cannot be l'-hydroxyethyl, l'-(oxo)ethyl or l'-(alkoxy)ethyl. [0028] hi
certain embodiments, R1 is C3-C20 alkanoyl, carboxyalkanoyl,
carboxyalkenoyl, alkoxycarbonylalkanoyl, alkenyloxycarbonylalkanoyl,
cyanoalkanoyl, hydroxyalkanoyl, aminocarbonylalkanoyl,
monoalkylaminocarbonylalkanoyl, dialkylaminocarbonylalkanoyl,
heteroarylalkanoyl, heteroarylaminocarbonylalkanoyl,
cyanoaminocarbonylalkanoyl, alkylsulfonylaminocarbonylalkanoyl,
arylsulfonylaminocarbonylalkanoyl, tetrazolylalkanoyl, phosphonoalkyl, or
sulfoalkyl. Incertain other embodiments, R1 is C3-C20 alkanoyl,
carboxyalkanoyl, carboxyalkenoyl, alkoxycarbonylalkanoyl,
alkenyloxycarbonylalkanoyl, cyanoalkanoyl, hydroxyalkanoyl,
aminocarbonylalkanoyl, alkylaminocarbonylalkanoyl,
alkylsulfonylaminocarbonylalkanoyl, arylsulfonylaminocarbonylalkanoyl, or
tetrazolylalkanoyl. [0029] In other embodiments, R1 can be carboxyalkanoyl,
wherein the carboxyalkanoyl is succinyl, glutaryl, 3'-methylglutaryl,
3'-methylsuccinyl, 3',3'-dimethylsuccinyl or 3',3'- dimethylglutaryl.
Additional suitable carboxyalkanoyl include 2',2'-dimethylmalonyl,
2',3'-dihydroxysuccinyl, 2',2',3',3'-tetramethylsuccinyl,
3'-methylsuccinyl, or 2',2'- dimethylsuccinyl. In certain preferred
embodiments, Ri is a carboxyalkanoyl selected from the group consisting of:
[0030] In some embodiments, R1 is alkenyloxycarbonylalkanoyl, wherein the
alkenyloxycarbonylalkanoyl is C1-C4 alkene ester of 3',3'-dimethylsuccinyl
or 3',3'- dimethylglutaryl. In some embodiments, a suitable C1-C4 alkene
ester is an allyl ester of succinyl, glutaryl, 3'-methylglutaryl,
3'-methylsuccinyl, 3',3'-dimethylsuccinyl or 3',3'- dimethylglutaryl.
[0031] In some embodiments, R1 is alkoxycarbonylalkanoyl. Suitable
alkoxycarbonylalkanoyl can include Ci-C 4 alkyl esters of succinyl,
glutaryl, 3'- methylglutaryl, 3'-methylsuccinyl, 3',3'-dimethylsuccinyl or
3',3'-dimethylglutaryl.Preferably, the C1-C4 alkyl ester is a methyl, ethyl
or propyl ester of succinyl, glutaryl, 3'- methylglutaryl,
3'-methylsuccinyl, 3',3'-dimethylsuccinyl or 3',3'-dimethylglutaryl. [0032]
Suitable R1 substituents include alkanoyl. Preferably, the alkanoyl is
tertbutylcarbonyl or isopropylcarbonyl. Suitable R1 substituents include
carboxyalkenoyl. Preferably, the carboxyalkenoyl is alk-2-enyloyl. Suitable
R1 substituents include cyanoalkanoyl. Preferably the cyanoalkanoyl is
4'-cyanopropanoyl or 4'-cyanobutanoyl. Suitable R1 substituents include
hydroxyalkanoyl. Preferably, the hydroxyalkanoyl is
3',3'-dimethyl-4'-hydroxybutanoyl. Suitable R1 substituents include
aminocarbonylalkanoyl. Preferably, the aminocarbonylalkanoyl is
4'-amino-3',3'- dimethylsuccinyl or 4'-aminosuccinyl. Suitable R1
substituents include alkylsulfonylaminocarbonylalkanoyl. Preferably, the 



alkylsulfonylaminocarbonylalkanoyl is 4'-methylsulfonylamino-3 ',3
'-dimethylsuccinyl. Suitable R1 substituents include
arylsulfonylaminocarbonylalkanoyl. Preferably, the
arylsulfonylaminocarbonylalkanoyl is 4'-phenylsulfonylamino-3 ',3
'-dimethylsuccinyl. Suitable R1 substituents include tetrazolylalkanoyl.
Preferably, the tetrazolylalkanoyl is C2-C tetrazolylalkanoyl. Suitable R1
substituents include phosphonoalkyl. Preferably, the phosphonoalkyl is C1-C
phosphonoalkyl. Suitable R1 substituents include sulfoalkyl. Preferably,
the sulfoalkyl is C1-C6 sulfoalkyl. Suitable R1 substituents include
heterocyclylcarbonylalkanoyl. Preferably, the heterocyclylcarbonylalkanoyl
is 5'- morpholino-3',3'-dimethylglutaryl. Suitable R1 substituents include
hydroxyaminocarbonylalkanoyl. [0033] hi some other embodiments, R1 can be
C3-C 0 alkanoyl, carboxyalkanoyl, carboxyalkenoyl, alkoxycarbonylalkanoyl,
alkenyloxycarbonylalkanoyl, cyanoalkanoyl, hydroxyalkanoyl,
aminocarbonylalkanoyl, hydroxyaminocarbonylalkanoyl,
monoalkylaminocarbonylalkanoyl, dialkylaminocarbonylalkanoyl,
heteroarylalkanoyl, heterocyclylalkanoyl, heterocycylcarbonylalkanoyl,
heteroarylaminocarbonylalkanoyl, heterocyclylaminocarbonylalkanoyl,
cyanoaminocarbonylalkanoyl, alkylsulfonylaminocarbonylalkanoyl,
arylsulfonylaminocarbonylalkanoyl, sulfoaminocarbonylalkanoyl,
phosphonoaminocarbonylalkanoyl, tetrazolylalkanoyl, phosphono, sulfo,
phosphonoalkanoyl, sulfoalkanoyl, alkylsulfonylalkanoyl, or
alkylphosphonoalkanoyl.[0034] In some embodiments, R2 is formyl,
carboxyalkenyl, heterocyclyl, heteroaryl, - CH2SR14 , CH2SOR14, or
CH2SO2R14 . [0035] In some other embodiments, R14 is hydrogen, alkyl,
alkenyl, arylalkyl, carboxyalkyl, carboxyalkenyl, alkoxycarbonylalkyl,
alkenyloxycarbonylalkyl, cyanoalkyl, hydroxyalkyl, carboxybenzyl,
aminocarbonylalkyl. [0036] In some embodiments, R2 is heterocyclyl.
Suitable heterocyclyl groups include, but are not limited to, oxazolyl,
morpholinyl, piperidinyl, piperazinyl, pyranyl, azetidinyl,
dihydropyrrolyl, dihydrofuranyl, 1,3-oxazinyl, isoxazinyl, and
oxathiazinyl, 1,2-dithiolyl, 1,3-dithiolyl, 1,2-oxathiolyl, 1,3-oxathiolyl,
1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-dioxanyl, 1,3-dioxathianyl, and
1,3-dithianyl any of which can be optionally substituted. [0037] hi some
embodiments, R2 is heteroaryl. Suitable heteroaryl groups include, but are
not limited to, tetrazolyl, pyridinyl, imidazolyl, isoxazolyl, furanyl,
oxazolyl, thiazolyl, pyrrolyl, thienyl, pyrazolyl, triazolyl, oxazolyl,
isothiazolyl, oxadiazolyl, oxatriazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, and triazinyl, any of which can be optionally substituted.
[0038] A group of compounds useful in the present invention are those
wherein R2 is [0039] hi some embodiments, R5 is C -C2 alkyl, alkenyl,
alkynyl, carboxy(C2-C20)alkyl, amino, aminoalkyl, dialkylamino,
monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, cyanoalkyl,
alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heteroaryl, heterocyclylalkyl, heteroarylalkyl, alkanoylaminoalkyl,
aminocarbonylalkyl, alkylaminocarbonylalkyl, dialkylaminocarbonylalkyl,
heterocyclylcarbonylalkyl, cycloalkylcarbonylalkyl,
heteroarylalkylaminocarbonylalkyl, arylalkylaminocarbonylalkyl,
heterocyclylalkylaminocarbonylalkyl, carboxyalkylaminocarbonylalkyl,
arylsulfonylaminocarbonylalkyl, alkylsulfonylaminocarbonylalkyl, or
hydroxyimino(amino)alkyl. In some embodiments, R5 is alkyl, preferably
C1-C6 alkyl. hi some embodiments, R is alkenyl, preferablypropen-2-yl,
buten-2-yl, or penten-2-yl. In some embodiments, R5 is C2-C10 carboxyalkyl,
preferably 2'-carboxy-2',2'-dimethylethyl or 3'-carboxy-3',3'-
dimethylpropyl. R5 can also be heterocyclyl, heterocyclylalkyl,
heterocycloalkanoyl, or heteroarylalkyl. Preferable heterocyclyls include
tetxazolyl, pyridinyl, imidazolyl, isoxazolyl, morpholinyl, or furanyl.
Preferable heterocycloalkyls include heterocycly^Q-C^alkyl, wherein the
heterocyclyls are as previously defined. [0040] In some embodiments, R5 is
C2-C20 alkyl, alkenyl, C2-C2 carboxyalkyl, amino, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, cyano, cyanoalkyl,
alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heteroaryl, heterocyclylalkyl, heteroarylalkyl, sulfo, phosphono,
sulfoalkyl, phosphonoalkyl, alkylsulfonyl, alkylphosphono,
alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocyclylcarbonylalkyl,
cycloalkylcarbonylalkyl, heteroarylalkylaminocarbonylalkyl,
arylalkylaminocarbonylalkyl, heterocyclylalkylaminocarbonylalkyl,
carboxyalkylaminocarbonylalkyl, arylsulfonylaminocarbonylalkyl,
alkylsulfonylaminocarbonylalkyl, arylphosphonoaminocarbonylalkyl,
alkylphosphonoaminocarbonylalkyl, or hydroxyimino(amino)alkyl. [0041] A
group of compounds useful in the present invention are those wherein R2 is
(H) [0042] Suitable R6 substituents include hydrogen, phosphono, sulfo.
Suitable R6 substituents also include alkyl, sulfoalkyl, phosphonoalkyl,
alkylsulfonyl, alkylphosphono, cycloalkyl, cycloalkenyl, aryl,
heterocyclyl, heteroaryl, carboxyalkyl, alkoxycarbonylalkyl, cyanoalkyl;
CH2CONR7R8, trialkylsilyl, ethoxyethyl (OEE), or tetrahydropyranyl ether
(OTHP). In some embodiments, R6 can be one of the protecting groups listed
above, or any other suitable protecting group known in the art, e.g., a
suitable protecting group as described in Protective Groups in Organic
Synthesis, 3r ed. (eds. T.W. Greene and P.G.M. Wuts, John Wiley and Sons,
Inc. (1999)), incorporated herein by reference. More preferred substituents
include hydrogen, cycloalkyl, heterocyclyl, heteroaryl, carboxyalkyl,
alkoxycarbonylalkyl, or cyanoalkyl; morepreferably cycloalkyl,
heterocyclyl, heteroaryl, carboxyalkyl, alkoxycarbonylalkyl, or cyanoalkyl.
In certain embodiments, R6 is cycloalkyl or heterocycloalkyl. In other 



embodiments, R6 is cyclopropyl, cyclopentyl, cyclohexyl, pyridinylmethyl or
octacyclen- 2-yl, preferably, pyridinylmethyl or octacyclen-2-yl. In other
embodiments, R is carboxyalkyl or R6 is alkoxycarbonylalkyl or R6 is
cyanoalkyl. [0043] In some embodiments, R6 is hydrogen, phosphono, sulfo,
alkyl, sulfoalkyl, phosphonoalkyl, alkylsulfonyl, alkylphosphono,
cycloalkyl, heterocyclyl, aryl, heteroaryl, carboxyalkyl,
alkoxycarbonylalkyl, or cyanoalkyl. [0044] A group of compounds useful in
the present invention are compounds wherein R is (i) [0045] In some other
embodiments, R7 and R8 are independently alkoxyalkylamine or hydrogen. In
some embodiments, R7 and R8 are independently alkyl. Preferably, R7 is
methoxyethyl and R8 is hydrogen, or R7 is methoxyethyl and R8 is methyl. In
some other embodiments, R7 and R8 are alkylsulfonyl, arylsulfonyl, or
heteroarylsulfonyl, heterocyclylsulfonyl. Alternatively, R7 and R8 together
with the nitrogen atom to which they are attached can form a heterocyclyl
group, wherein the heterocyclyl group can optionally include one or more
additional nitrogen, sulfur or oxygen groups. Preferable heterocyclyl
groups include, but are not limited to, pyrrolidinyl, morpholinyl,
piperazinyl, piperidinyl, and thiomorpholinyl. In some embodiments, the
heterocyclyl group is optionally substituted. [0046] In some other
embodiments, R7 or R8 are independently hydrogen, alkyl, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, carboxyalkyl, alkoxyalkyl,
alkoxyalkoxyalkyl, alkoxycarbonylaminoalkoxyalkyl,
alkoxycarbonylaminoalkyl, aminoalkoxyalkyl, aUcylcarbonylaminoalkyl,
heterocyclyl, heterocyclylalkyl, aryl, arylalkyl, arylcarbonylaminoalkyl,
or cycloalkyl, or R7 and R8 can together with the nitrogen atom to which
they are attached form a heterocyclyl or heteroaryl group, whereinthe
heterocyclyl or heteroaryl can optionally include one or more additional
nitrogen, sulfur or oxygen atoms. [0047] A group of compounds useful in the
present invention are compounds wherein R2 is [0048] Suitable R
substituents include hydrogen, phosphono, sulfo, alkyl, alkenyl,
trialkylsilyl, carboxyalkyl, alkoxycarbonyloxyalkyl, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, cyanoalkyl,
phosphonoalkyl, sulfoalkyl, alkylsulfonyl, alkylphosphono, aryl,
heteroaryl, heterocyclyl, or dialkoxyalkyl, preferably hydrogen, phosphono,
sulfo, alkoxycarbonyloxyalkyl, cyanoalkyl, phosphonoalkyl, sulfoalkyl,
alkylsulfonyl, aryl, heteroaryl, heterocyclyl, or dialkoxyalkyl, more
preferably hydrogen, alkoxycarbonyloxyalkyl, cyanoalkyl, alkoxyalkyl, or
dialkoxyalkyl. In some embodiments, R is alkoxycarbonyloxyalkyl. Suitable
alkoxycarbonyloxyalkyl include rt-butoxycarbonyloxymethyl and t r
-butoxycarbonyloxymethyl(methyl). In some embodiments, R9 is
dialkylaminoalkyl, preferably dimethylaminoalkyl, more preferably
dimethylaminoethyl. In some embodiments, R9 is heterocyclyl, preferably
tetrahydrofuranyl or tetrahydropyranyl, more preferably
tetrahydrofuran-3-yl or tetrahydropyran-4-yl. In some embodiments, R9 is
phosphono or sulfo. In some embodiments, R9 is dialkoxyalkyl, for example
[0049] In some other embodiments, R is hydrogen, phosphono, sulfo, alkyl,
alkylsilyl, cycloalkyl, carboxyalkyl, alkoxycarbonyloxyalkyl, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, cyanoalkyl, phosphonoalkyl,
sulfoalkyl, alkylsulfonyl, alkylphosphono, aryl, heteroaryl, heterocyclyl,
arylalkyl, heteroarylalkyl, heterocyclylalkyl, or dialkoxyalkyl.[0050] A
group of compounds useful in the present invention can be wherein R2 is R10
and Rn can both be hydrogen hi some embodiments, R1 and Rn can be
independently alkyl, amino, aminoalkyl, monoalkylaminoalkyl,
dialkylaminoalkyl, carboxyalkyl, alkanoyloxyalkyl, alkoxyalkyl,
hydroxyalkyl, cyanoalkyl, alkoxyalkoxyalkyl,
alkoxycarbonylaminoalkoxyalkyl, alkoxycarbonylalkyl, hydroxyalkoxyalkyl,
alkoxycarbonylaminoalkyl, aminoalkoxyalkyl, alkoxycarbonylamino,
alkoxycarbonylalkyl, heterocyclylheterocyclylalkyl, heterocyclylarylalkyl,
arylaminoalkyl, aminocycloalkyl, alkylcarbonylaminoalkyl, heterocyclyl,
heterocyclylalkyl, aryl, heteroarylalkyl, arylalkyl,
arylcarbonylaminoalkyl, alkysulfonyl, arylsulfonyl,
alklysulfonylaminoalkyl, arlysulfonylaminoalkyl, or cycloalkyl. In some
embodiments, R1 and Rn can be independently alkyl interrupted by one or
more oxygen atoms. Alternatively, R1 and R11 can be independently alkyl,
aminoalkyl, aminoalkoxyalkyl, alkoxyalkyl, cycloalkyl,
alkoxycarbonylaminoalkoxyalkyl, alkoxycarbonylaminoalkyl,
alkylcarbonylaminoalkyl, alkoxyalkoxyalkyl, or dialkylaminoalkyl.
Preferably, R1 and R11 are alkyl or aminoalkyl. In other embodiments, one
of Ri0 and R11 is hydrogen, and one OfR 1 and R11 is heterocyclyl, aryl,
arylalkyl, arylcarbonylaminoalkyl, or heterocycloalkyl. In other
embodiments, one of R10 and R1 1 is hydrogen, and one of R10 and R11 is
alkoxycarbonylamino, alkoxycarbonylalkyl, cyanoalkyl, alkylsulfonyl. In
some embodiments, R10 and R11 are taken together to form a heterocyclyl
group, wherein the heterocyclyl group can optionally include one or more
additional nitrogen, sulfur or oxygen atoms. Preferred heterocyclyl groups
include, but are not limited to, morpholinyl, piperidinyl, pyrrolidinyl,
thiomorpholinyl, and piperazinyl. In some embodiments, R1 is phenylsulfonyl
and R1 1 is hydrogen. In some embodiments, both R1 and R11 are alkoxyalkyl,
preferably both R10 and R11 are methoxyethyl. [0051] In some embodiments,
one of R10 and R11 is hydrogen, and one OfR 10 and R11 is alkyl wherein the
alkyl group is selected from methyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl, propyl, ethyl, isopropyl,
(R)-2-[2,3-dihydroxypropyl], (S)-2-[2,3- dihydroxypropyl],
(S)-2-[l-hydroxy-4-methylpentyl)], (R)-2-[l-hydroxy-4- 



methylpentyl)], or (S)-l-carboxy-3-methylbutyl. In some embodiments, one Of
R1 and R11 is hydrogen, and one OfR 1 and R11 is aminoalkyl, wherein the
aminoalkyl is 2-(lamino- 2-methylpropyl). hi some embodiments, one of Ri0
and Rn is hydrogen, and one of R10 and Rn is alkoxyalkyl, wherein the
alkoxyalkyl group is 2-methoxyethyl or 2- hydroxyethoxyethyl. In some
embodiments, one of R10 and Rn is hydrogen, and one of R10 and R1 1 is
alkoxycarbonylaminoalkyl, wherein the alkoxycarbonylaminoalkyl group is 2-(
r ~butoxycarbonylaniino)ethyl. hi some embodiments, one of Ri0 and Rn is
hydrogen, and one of Ri0 and Rn is dialkylaminoalkyl, wherein the
dialkylaminoalkyl group is 2- , -dimethylaminoethyl, 2- ,
-dimethylaminopropyl, (IR, 3R)-3-7V,iVdimethylaminocyclopentyl, or (IS,
3S)-3- ,N-dimethylaminocyclopentyl. [0052] hi some embodiments, one of R10
and Rn is hydrogen, and one OfR 10 and R11 is cycloalkyl, heterocyclyl,
aryl, arylalkyl, arylcarbonylaminoalkyl, arylsulfonyl,
heterocyclylheterocyclylalkyl, heterocyclylarylalkyl, arylaminoalkyl,
aminocycloalkyl, or heterocycloalkyl. hi some embodiments, one of R10 and
Rn is hydrogen, and one of R1 and R11 is cycloalkyl, wherein the cycloalkyl
group is cyclopropyl. hi some embodiments, one of R1 and R11 is hydrogen,
and one of Ri0 and Rn is heterocyclyl, wherein the heterocyclyl group is
selected from (S)-l-[(tert-butoxycarbonyl)pyrrolidinyl],
(R)-l-[(tert-butoxycarbonyl)pyrrolidinyl], (S)-3-pyrrolidinyl,
(R)-3-pyrrolidinyl. (S)-3-(lmethylpyrrolidinyl),
(R)-3-(l-methylpyrrolidinyl), (S)-3-(l-acetylpyrrolidinyl),
(R)-3-(lacetylpyrrolidinyl), (S)-3-(l -methylsulfonylpyrrolidinyl),
(R)-3-(l - methylsulfonylpyrrolidinyl),
4-(l-(tert-butoxycarbonyl)piperdinyl), 4-piperidinyl,
4-(lmethylpiperidinyl), or 4-[l-(l-hydroxyethyl)piperidinyl)]. [0053] hi
some embodiments, one of R10 and R11 is hydrogen, and one OfR 10 and R11 is
aryl, wherein the aryl group is 4-fluorophenyl,
2-(l,3,4-thiadiazolyl)methyl, or 2,3- dichlorobenzyl,
4-azido-2,3,5,6-tetrafluorobenzyl. hi some embodiments, one of R10 and Rn
is hydrogen, and one of R10 and Rn is arylalkyl, wherein the arylalkyl
group is selected from 4-fluorobenzyl, 3-fluorobenzyl, 2-fluorobenzyl,
4-chlorobenzyl, 3- chlorobenzyl, 2-chlorobenzyl, 4-methylbenzyl,
3-methylbenzyl, 2-methylbenzyl, 4- methyoxybenzyl, 3-methoxybenzyl,
2-methoxybenzyl, 4-L -dimethylaminobenzyl, 4-trifluoromethylbenzyl,
4-carboxybenzyl, 3,4-dichlorobenzyl, 2,4-dichlorobenzyl, 2-
pyridinylmethyl, 3-pyridinylniethyl, 4-pyridinylmethyl, 2-benzyl, 3-
trifluoromethylbenzyl, 4- r -butylbenzyl, 4-aminobenzyl, 4-acetamidobenzyl,
(R)-Iphenylethyl, (S)-l-phenylethyl, (R)-2-hydroxy-l-phenylethyl,
(S)-2-hydroxy-lphenylethyl, or 2-phenylethyl. [0054] In some embodiments,
one OfR 1 and R1 1 is hydrogen, and one of R10 and R1 1 is
heterocycloalkyl, wherein the heterocycloalkyl group is selected from
4-(lmethylimidazolyl) methyl, 3-(5-methylisoxazolyl)methyl,
3-(4-morpholinyl)propyl, 3-(limidazolyl) propyl,
2-(4-methylmorpholinyl)methyl, 2-morpholinylmethyl, or 2-(4-
tertbutoxycarbonyl morpholinyl)methyl. In some embodiments, one of Ri0 and
R11 is hydrogen, and one of R10 and R1 1 heterocyclylarylalkyl, wherein the
heterocyclylarylalkyl group is selected from 4-(4-morpholinyl)benzyl or
4-(4-methylpiperazinyl)benzyl. hi some embodiments, one of R10 and R11 is
hydrogen, and one of R1 and R1 1 heterocyclylheterocyclylalkyl, wherein the
heterocyclylheterocyclylalkyl group is 3-[6-
(4-morpholinyl)pyridinyl]methyl. In some embodiments, one of R10 and R1 1
is hydrogen, and one of R10 and R11 is arylaminoalkyl, wherein the
arylaminoalkyl is 2-[(4-azido- 2,3,5,6-tetrafluorobenzoyl)amino]ethyl. hi
some embodiments, R10 and R11 is hydrogen, and one of R10 and R11 is
aminocycloalkyl, wherein the aminocycloalkyl is (IR, 3R)-3-
aminocyclopentyl, (IS, 3S)-3-aminocyclopentyl, (Ir, 4r)-4-aminocyclohexyl,
or (Is, 4s)- 4-aminocyclohexyl. [0055] In some embodiments, one OfR 1 and
R1 1 is hydrogen, and one of R10 and R11 is dialkylaminocycloalkyl, wherein
the dialkylaminocycloalkyl is (Ir, 4r)-4- , - dimethylaminocyclohexyl or
(Is, 4s)-4-L -dimethylaminocyclohexyl. hi some embodiments, R10 and R11 are
taken together to form one of 4-(tertbutoxycarbonyl) piperazinyl,
morpholinyl, piperidinyl, piperazinyl,
4-(4-morpholinylcarbonyl)piperazinyl, 4-methylpiperazinyl,
4-ethylpiperazinyl, 4-isopropylpiperazinyl,
4-(cyclopropylmethyl)piperazinyl, 4-benzylpiperazinyl,
4-[3-(5-methylisoxazolyl)methyl]piperazinyl,
4-(4-pyridinylmethyl)piperazinyl,
4-acetylpiperazinyl,4-(isopropylaminocarbonyl)piperazinyl,
4-(methylsulfonyl)piperazinyl, 4-cyclopropylpiperazinyl,
4-(2-methoxyethylaminocarbonyl)piperazinyl, 4-(2-hydroxyethyl)piperazinyl,
4-(2-methoxyethyl)piperazinyl, 4-(3-dimethylaminopropyl)piperazinyl,
4-(aminocarbonyl)piperazinyl, 4- (aminosulfonyl)piperazinyl,
3-oxopiperazinyl, 4-methyl-3-oxopiperazinyl,
4-(hydroxyethyl)-3-oxopiperazinyl, 4-(2-hydroxybenzoyl)piperazinyl,
4-[3-(l,2,4-oxadiazolyl)methyl]piperazinyl,
4-[4-(dimethylaminosulfonyl)benzyl]piperazinyl,
4-[l-(l,2,3,4-tetrahydronaphthyl)]piperazinyl,
4-[4-(acetamidobenzyl)]piperazinyl, (IS,
4S)-5-methyl-2,5-diazabicyclo[2.2.1]heptanyl, (IR,
4R)-5-methyl-2,5-diazabicyclo[2.2. ljheptanyl, (IS,
4S)-2,5-diazabicyclo[2.2.1]heptanyl, (IR,
4R)-2,5-diazabicyclo[2.2.1]heptanyl, (IS,
4S)-5-(te7t-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]heptanyl, 



(IR, 4R)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2. 1]heptanyl,
4-(4-azido-2,3 ,5,6-tetrafluorobenzyl)piperazinyl, pyrrolidinyl,
(R,S)-3-hydroxypyrrolidinyl, (R)- 3-hydroxypyrrolidinyl, (S)-
3-hydroxypyrrolidinyl, (R)-3-(te?t-butoxycarbonylamino)pyrrolidinyl,
(S)-3-(t r -butoxycarbonylamino)pyrrolidinyl, (R)- 3-aminopyrrolidinyl,
(S)- 3-aminopyrrolidinyl, (R)- 2-(hydroxymethyl)pyrrolidinyl, (S)-
2-(hydroxymethyl)pyrrolidinyl, (S)- 2-(liydroxymetiiyl)pyrrolidinyl, (S)-
2-(hydroxymethyl)pyrrolidinyl, (S)- 2-(hydroxymethyl)pyrrolidinyl, (R)-
3-N-methylaminopyrrolidinyl, (S)- 3-N-methylaminopyrrolidinyl, (R)-
3-N,N-dimethylaminopyrrolidinyl,(S)- 3-N,N-dimethylaminopyrrolidinyl, (R)-
3-N, -diethylaminopyrrolidinyl, (S)- 3-N,N-diemylaminopyrrolidinyl, (R)- 3-
-ethylaminopyrrolidinyl, (S)- 3-N-ethylaminopyrrolidinyl, (R)-
3-(4-morpholmyl)pyrrolidinyl, (S)- 3-(4-mof holinyl)pyrrolidinyl, (R)-
3-(l-pyrrolidinyl)pyrrolidinyl, (S)- 3-(l-pyrrolidinyl)pyrrolidinyl,
4-aminopiperidinyl, 4-oxopiperidinyl, 4-hydroxypiperidinyl, 4-N,
-diaminopiperidmyl, 4-(4-morpholinyl)piperidmyl, 4-acetamidopiperidinyl,
4-(methylsulfonamide)piperidinyl, (R)- 3-acetamidopyrrolidinyl, (S)-
3-acetamidopyrrolidinyl, (R)- 3-(cyclopropanecarboxamido)pyrrolidinyl, (S)-
3-(cyclopropanecarboxamido)pyrrolidinyl, (R)-
3-(2-hydroxyacetamido)pyrrolidinyl, (S)-
3-(2-hydroxyacetamido)pyrrolidinyl, (R)- 3-(methylsulfonamido)pyrrolidinyl,
(S)- 3-(methylsulfonamido)pyrrolidinyl, (R)- 2-(ammomethyl)pyrrolidinyl,
(S)- 2-(aminomethyl)pyrrolidinyl, (R)- 2-(N
N-dimethylaminomethyl)pyrrolidinyl, (S)-
2-(N,N-dimethylaminomethyl)pyrrolidinyl (R)-
2-(acetamidomethyl)pyrrolidinyl, (S)- 2-(acetamidomethyl)pyrrolidinyl, (R)-
2-(methylsulfonamidomethyl)pyrrolidinyl, (S)-
2-(methylsulfonamidomethyl)pyrrolidinyl, (R)-
2-(N,N-diethylaminomethyl)pyrrolidinyl, (S)-
2-(N,N-diethylaminomemyl)pyrrolidmyl, (R)-
2-(4-morpholinylmethyl)pyrrolidinyl, (S)-
2-(4-morpholinylmethyl)pyrrolidinyl, 2,6-dimethylniorpholinyl,
1,4-oxazepanyl, thiomof holinyl, thiomof holinyl 1-oxide, or
thiomorpholinyl 1,1 -dioxide. In some other embodiments, R1 and R1 1 are
independently hydrogen, hydroxy, cyano, alkyl, amino, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, carboxyl,carboxyalkyl,
alkanoyloxyalkyl, alkoxyalkyl, alkoxyalkoxyalkyl,
alkoxycarbonylaminoalkoxyalkyl, alkoxycarbonylaminoalkyl, aminoalkoxyalkyl,
alkylcarbonylaminoalkyl, heterocyclyl, heterocyclylalkyl, aryl, arylalkyl,
arylcarbonylaminoalkyl, arylsulfonyl, or cycloalkyl, or alkyl interrupted
by one or more oxygen atoms, or R1 and R11 can together with the nitrogen
atom to which they are attached form a heterocyclyl group, wherein the
heterocyclyl can optionally include one or more additional nitrogen, sulfur
or oxygen atoms. [0057] A group of compounds useful in the present
invention are those compounds wherein R2 is [0058] In some embodiments, one
OfR 12 and R13 are hydrogen and one of R12 and R13 is alkylamino, alkenyl,
alkynyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, cycloalkyl, cycloalkyloxo,
heteroaryl, heteroarylalkyl, dialkylaminoalkyl, or cyanoalkyl. R12 and R13
can be hydrogen. In some embodiments, one or both of R12 and R13 can be
cyano, sulfo, phosphono, sulfoalkyl, phosphonoalkyl, or alkylsulfonyl.
Alternatively, R12 and R13 can together with the nitrogen atom to which
they are attached form a heterocyclyl or heteroaryl, wherein the
heterocyclyl or heteroaryl group can optionally include one or more
additional nitrogen, sulfur or oxygen atoms hi some embodiments R18 and R1
can be independently hydrogen or C1-C6 alkyl. In some embodiments, R18 and
R1 can both be hydrogen. In some embodiments, R1 and R19 can both be methyl
m some embodiments, d can be one to six, preferably one to four, most
preferably one to two. In some embodiments, d is one. [0059] In some other
embodiments, R12 and R13 are independently hydrogen, alkyl, alkoxycarbonyl,
alkoxyaminoalkyl, cycloalkyloxy, heterocyclylaminoalkyl, cycloalkyl,
cyanoalkyl, cyano, sulfo, phosphono, sulfoalkyl, phosphonoalkyl,
alkylsulfonyl, alkylphosphono, alkoxyalkyl, heterocyclylalkyl, or R12 and
R13 can together with the nitrogen atom to which they are attached form a
heterocyclyl group, wherein the heterocyclyl can optionally include one or
more additional nitrogen, sulfur or oxygenatoms, or R12 and R13 can
together with the nitrogen atom to which they are attached form an alkylazo
group, and b is one to six. [0060] A group of compounds useful in the
present invention are those compounds wherein R2 is (v) 



[0061] R1 and R16 are independently hydrogen, alkyl, alkoxycarbonyl,
alkoxyaminoalkyl, cyclo(oxo)alkyl, cycloalkylcarbonyl,
heterocyclylaminoalkyl, cycloalkyl, cyanoalkyl, alkoxyalkyl, or
heterocyclylalkyl. In some embodiments, R1 and R16 are independently cyano,
sulfo, phosphono, sulfoalkyl, phosphonoalkyl, or alkylsulfonyl. In some
embodiments, R15 and R1 can together with the nitrogen atom to which they
are attached form a heterocyclyl group, wherein the heterocyclyl can
optionally include one or more additional nitrogen, sulfur or oxygen atoms.
In some embodiments, R15 and R16 together with the nitrogen atom to which
they are attached form an alkylazo group. [0062] In some embodiments, R15
and R16 are independently hydrogen, alkyl, alkoxycarbonyl,
alkoxyaminoalkyl, cycloalkyloxy, heterocyclylaminoalkyl, cycloalkyl,
cyanoalkyl, cyano, sulfo, phosphono, sulfoalkyl, phosphonoalkyl,
alkylsulfonyl, alkylphosphono, alkoxyalkyl, heterocyclylalkyl, or R15 and
R16 can together with the nitrogen atom to which they are attached form a
heterocyclyl group, wherein the heterocyclyl can optionally include one or
more additional nitrogen, sulfur or oxygen atoms, or R1 and R16 can
together with the nitrogen atom to which they are attached form an alkylazo
group. [0063] A group of compounds useful in the present invention are
compounds wherein R2(viii) [0064] R17 is hydrogen, alkyl, perhaloalkyl,
alkoxy, alkenyl, carboxyalkyl, amino, aminoalkyl, monoalkylaminoalkyl,
dialkylaminoalkyl, alkoxyalkyl, alkoxycarbonyl, cyanoalkyl, alkylthio
alkyl, alkylsulfinylalkyl, alkylsulfonylalkyl, cycloalkyl, cycloalkylalkyl,
aryl, arylalkyl, heterocyclyl, heteroaryl, heterocyclylalkyl,
heteroarylalkyl, alkanoylaminoalkyl, aminocarbonylalkyl,
alkylaminocarbonylalkyl, dialkylaminocarbonylalkyl,
heterocyclylcarbonylalkyl, cycloalkylcarbonylalkyl,
heteroarylalkylaminocarbonylalkyl, arylalkylaminocarbonylalkyl,
heterocyclylalkylaminocarbonylalkyl, carboxyalkylaminocarbonylalkyl,
arylsulfonylaminocarbonylalkyl, alkylsulfonylaminocarbonylalkyl, or
hydroxyimino(amino)alkyl, preferably alkenyl, carboxyalkyl, amino,
aminoalkyl, monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl,
cyanoalkyl, alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl,
alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocyclylcarbonylalkyl, or
cycloalkylcarbonylalkyl. In some embodiments, R17 is hydrogen. In some
embodiments, R17 is alkenyl, carboxyalkyl, amino, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, cyanoalkyl,
alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heteroaryl, heterocyclylalkyl, heteroarylalkyl, alkanoylaminoalkyl,
aminocarbonylalkyl, or alkylaminocarbonylalkyl. [0065] In some embodiments,
R17 is hydrogen, alkyl, alkenyl, carboxyalkyl, amino, aminoalkyl,
monoalkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, alkoxycarbonyl,
cyanoalkyl, alkylthioalkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl,
alkanoylaminoalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl,
dialkylaminocarbonylalkyl, heterocyclylcarbonylalkyl,
cycloalkylcarbonylalkyl,
heteroarylalkylaminocarbonylalkyl,arylalkylaminocarbonylalkyl,
heterocyclylalkylaminocarbonylalkyl, carboxyalkylaminocarbonylalkyl,
arylsulfonylaminocarbonylalkyl, alkylsulfonylaminocarbonylalkyl, or
hydroxyimino(amino)alkyl. [0066] In some embodiments, R2 is hydrogen, C1-C6
alkyl, or aryl. In some embodiments, R20 is methyl or ethyl. In some
embodiments, R20 is phenyl. [0067] In some embodiments, R3 can include
hydroxyl, isopropenyl, isopropyl, 1'- hydroxyisopropyl, l'-haloisopropyl,
l'-thioisopropyl, l'-trifluoromethylisopropyl, 2'-hydroxyisopropyl,
2'-haloisopropyl, 2'-thioisopropyl, 2'-trifluoromethylisopropyl, I 1-
hydroxyethyl, l'-(alkoxy)ethyl, l'-(alkoxyalkoxy)ethyl,
l'-(arylalkoxy)ethyl; r-(arylcarbonyloxy)ethyl, l'-(oxo)ethyl,
r-(hydroxyl)-l'-(hydroxyalkyl)ethyl, 1'- (oxo)oxazolidinyl,
l',2'-epoxyisopropyl, 2'-haloisopropenyl, 2'-hydroxyisopropenyl, T -
aminoisopropenyl, 2'-thioisopropenyl, 3'-haloisopropenyl,
3'-hydroxyisopropenyl, 3'-aminoisopropenyl, 3'-thioisopropenyl,
l'-alkoxyethyl, l'-hydroximoylethyl, 1'- alkoxyimoyl, or wherein Y is -SR33
or -NR33R34; R3 1 is methyl; R32 is hydrogen or hydroxyl; R33 and R34 are
independently hydrogen, alkyl, alkanoyl, arylalkyl, heteroarylalkyl,
arylsulfonyl or arylaminocarbonyl; or R33 and R 4 can be taken together
with the nitrogen to which they are attached to form a heterocycle, wherein
the heterocycle can optionally include one or more additional nitrogen,
sulfur or oxygen atoms; m is zero to three; R4 is hydrogen; or R3 and R4
can be taken together to form oxo, alkylimino, alkoxyimino or
benzyloxyimino .[0068] R3 useful groups include, but are not limited to,
hydrogen, hydroxyl, isopropenyl, l'-hydroxyethyl, r-(alkoxy)ethyl,
r-(alkoxyalkoxy)ethyl, l'-(arylalkoxy)ethyl; r-(arylcarbonyloxy)ethyl,
acetyl, r-(hydroxyl)-r-(hydroxyalkyl)ethyl, (Toxo) tetrahydrooxazolyl,
2'-haloisopropenyl, 2'-hydroxyisopropenyl, 2'-aminoisopropenyl,
2'-thioisopropenyl, 3'-haloisopropenyl, 3'-hydroxyisopropenyl,
3'-aminoisopropenyl, 3'- thioisopropenyl, l'-alkoxyethyl,
l'-hydroxyiminoethyl, or l'-alkoxyiminoethyl. In some embodiments, R3 can
include, but is not limited to hydroxyl, isopropenyl, 



l'-hydroxyethyl, l'-(alkoxy)ethyl, l'-(alkoxyalkoxy)ethyl,
l'-(arylalkoxy)ethyl; l'-(arylcarbonyloxy)ethyl, acetyl,
r-(hydroxyl)-l'-(hydroxyalkyl)ethyl, or (2'-oxo)tetrahydrooxazolyl. hi some
embodiments, R3 includes, but is not limited to, l'- alkoxyethyl,
r-hydroxyiminoethyl, or l'-alkoxyiminoethyl. hi some embodiments, R3
includes, but is not limited to 3'-haloisopropenyl, 3'-hydroxyisopropenyl,
3'-aminoisopropenyl, or 3'-thioisopropenyl. hi some embodiments, R3 is
l'-methoxyiminoethyl. In some embodiments, R4 is hydrogen, and R3 is
wherein Y is -SR33 or -NR33R34, R3 1 is hydrogen, R32 is methyl, R33 and
R34 are independently hydrogen, alkyl, alkanoyl, arylalkyl,
heteroarylalkyl, arylsulfonyl or arylaminocarbonyl. hi some embodiments, R3
1 is hydrogen, R32 is methyl, and R33 and R34 are taken together with the
nitrogen to which they are attached to form heterocyclyl, wherein the
heterocyclyl can optionally include one or more additional nitrogen, sulfur
or oxygen atoms. The value of m can be zero to three. [0069] hi some
embodiments, R4 is hydrogen, and R3 is wherein R 1 is hydrogen, R32 is
methyl, R33 and R 4 are independently hydrogen, alkyl, alkanoyl, arylalkyl,
heteroarylalkyl, arylsulfonyl or arylaminocarbonyl. hi someembodiments, R3
1 is hydrogen, R32 is methyl, and R 3 and R34 can be taken together with
the nitrogen to which they are attached to form heterocyclyl, wherein the
heterocyclyl can optionally include one or more additional nitrogen, sulfur
or oxygen atoms. The value of m can be zero to three. [0070] Preferred
compounds include those in which R2 is (i), and R3 is isopropenyl; wherein
R2 is (ii), and R3 is isopropenyl; wherein R2 is (iii), and R3 is
isopropenyl; wherein R2 is (iv), and R3 is isopropenyl; or wherein R is
(v), and R3 is isopropenyl. Most preferred compounds include those in which
R2 is (v) and R3 is isopropenyl. Additional preferred compounds include
those in which R2 is (i), and R3 is isopropyl; wherein R2 is (ii), and R3
is isopropyl; wherein R2 is (iii), and R3 is isopropyl; wherein R2 is (iv),
and R3 is isopropyl; or wherein R2 is (v), and R3 is isopropyl. Most
preferred compounds include those in which R2 is (v) and R3 is isopropyl.
[0071] Preferred compounds include compounds wherein R1 is succinyl,
glutaryl, 3'- methylglutaryl, 3'-methylsuccinyl, 3',3'-dimethylsuccinyl or
3',3'-dimethylglutaryl or an allyl or alkyl ester of succinyl, glutaryl,
3'-methylglutaryl, 3'-methylsuccinyl, 3',3'- dimethylsuccinyl or
3',3'-dimethylglutaryl; R is heteroaryl; and R3 is isopropenyl. More
preferred compounds can include compounds wherein R1 is succinyl, glutaryl,
3'-methylglutaryl, 3'-methylsuccinyl, 3',3'-dimethylsuccinyl,
3',3'-dimethylglutaryl, or an allyl or alkyl ester of succinyl, glutaryl,
3'-methylglutaryl, 3'-methylsuccinyl, 3',3'- dimethylsuccinyl, or
3',3'-dimethylglutaryl; R2 is dihydrooxazolyl; and R3 is isopropenyl.
[0072] Preferred compounds include compounds wherein R1 is succinyl,
glutaryl, 3'- methylglutaryl, 3'-methylsuccinyl, 3',3'-dimethylsuccinyl,
3',3'-dimethylglutaryl, or an allyl or alkyl ester or arylalkyl ester of
succinyl, glutaryl, 3'-methylglutaryl, 3'- methylsuccinyl,
3',3'-dimethylsuccmyl, or 3',3'-dimethylglutaryl; R2 is (i), (ii) or (iv);
and R is isopropenyl. Preferred compounds include compounds wherein R1 is
succinyl, glutaryl, 3'-methylglutaryl, 3'-methylsuccinyl,
3',3'-dimethylsuccinyl, 3',3'- dimethylglutaryl, or an allyl or alkyl ester
of succinyl, glutaryl, 3'-methylglutaryl, 3'- methylsuccinyl,
3',3'-dimethylsuccinyl, or 3',3'-dimethylglutaryl; R2 is (iii), (v) or
(vi); and R3 is isopropenyl. Preferred compounds include compounds wherein
R1 is succinyl, glutaryl, 3'-methylglutaryl, 3'-methylsuccmyl,
3',3'-dimethylsuccinyl, 3',3'- dimethylglutaryl, or an allyl or alkyl ester
of succinyl, glutaryl, 3'-methylglutaryl, 3'-methylsuccinyl,
3',3'-dimethylsuccinyl, or 3',3'-dimethylglutaryl; R2 is (v) and R3 is
isopropenyl. [0073] Additional preferred compounds include those wherein R2
is (i), and R5 is a heteroarylalkyl; wherein R2 is (ii), and R6 is a
heteroaryl; wherein R2 is (iv), and R9 is cyanoalkyl; wherein R2 is (iii),
and R7 and R8 taken together with the nitrogen to which they are attached
to form a heterocycloalkyl or heteroaryl; wherein R2 is (v), and R10 and R1
1 taken together with the nitrogen to which they are attached to form a
heterocycloalkyl or heteroaryl; wherein R2 is (vi), and R12 and R13 taken
together with the nitrogen to which they are attached to form a
heterocycloalkyl or heteroaryl. [0074] One preferred subgenus of compounds
are those having Formula I , or a pharmaceutically acceptable salt thereof,
wherein R1 is 3',3'-dimethylglutaryl or 3',3'- dimethylsuccinyl; R2 is
formula (v); R3 isopropenyl, or isopropyl; R10 is hydrogen, C1- 4alkyl,
preferably methyl, or C1-4alkoxy(C1-4)alkyl, preferably methoxyethyl; and
Rn is hydrogen, C1-6 alkyl, amino, C3-7 cycloalkyl, C6-1oaryl,
C6-10aryl(C1-4)alkyl, C1-4 alkylsulfonyl, phenylsulfonyl, piperidinyl, or
pyrrolidinyl, any of which is optionally substituted by 1-5, preferably 1-3
groups independently selected from halo, trifluoromethyl, hydroxy, carboxy,
amino, azido, C1-4 alkoxy, monoalkylamino, dialkylamino, morpholinyl,
cyano, acetyl, acetamido, pyridinyl, furanyl, thienyl, methylimidazolyl,
methylisoxazolyl, methylpiperazinyl, methylmorpholinyl, tertbutoxycarbonyl,
r -butoxy-2-oxoethyl, and 4- rt-butoxycarbonylmorpholinyl, and wherein the
C6-10aryl, C6-10aryl(C 1-4)alkyl, phenylsulfonyl, piperidinyl, and
pyrrolidinyl can be also substituted by C1-4alkyl, C1-4hydroxyalkyl or
C1-4alkoxy(C1-4)alkyl. [0075] Preferred compounds wherein R is (i) include,
but are not limited to, those found in Table 1:TABLE l Preferred compounds
wherein R2 is (ii) include, but are not limited to, those found in Table 2
:TABLE 2 Preferred compounds wherein R2 is (iii) include, but are not
limited to, those found in Table 3: TABLE 3Title: Non-Optical Multi-Piece
Core Assembly For Rapid Tool Change 



Inventors: Bruce E. Lawton Thomas G. Jones RELATED APPLICATION This
application is related to the U.S. patent applications entitled,
respectively, "OPTICAL TOOL ASSEMBLY FOR IMPROVED RCW AND LENS EDGE
FORMATION" (U.S. Serial No. 11/027,406, filed December 30, 2004), "CORE
LOCKING ASSEMBLY AND METHOD FOR ORIENTATION OF ASYMMETRICAL TOOLING" (U.S.
Serial No. 11/027,381 , filed December 30, 2004) and "OPTICAL TOOL
ASSEMBLY" (U.S. Serial No. 11/027,380, filed December 30, 2004); all filed
concurrently herewith, commonly assigned to Bausch & Lomb Incorporated and
expressly incorporated herein by reference. BACKGROUND The present
disclosure relates to the molding of articles of manufacture. More
particularly, the disclosure relates to an improved core assembly for
injection molding performs or mold sections used in the manufacture of
ophthalmic lenses, such as contact lenses and intraocular lenses, and will
be described with particular reference thereto. It is to be appreciated,
however, that the improved core assembly and apparatus related thereto may
have utility in a variety of other similar environments and applications.
One method in practice for making ophthalmic lenses, including contact
lenses and intraocular lenses, is cast molding. Cast molding of ophthalmic
lenses involves depositing a curable mixture of polymerizable lens
materials, such as monomers, in a mold cavity formed by two assembled mold
sections, curing the mixture, disassembling the mold sections and removing
the molded lens. Other post-molding processing steps, for example,
hydration in the case of hydrogel lenses, may also be employed.
Representative cast molding methods are disclosed in U.S. Pat. Nos. 5,271
,875 (Appleton et al.); 4,197,266 (Clark et al.); 4,208,364 (Shepherd);
4,865,779 (Ihn et al.); 4,955,580 (Seden et al.); 5,466,147 (Appleton et
al.); and 5,143,660 (Hamilton et al.).When cast molding between a pair of
mold sections, typically one mold section, referred to as the anterior mold
section or preform, forms the anterior convex, optical surface of the
ophthalmic lens and the other mold section, referred to as the posterior
mold section or preform, forms the posterior concave, optical surface of
the ophthalmic lens. The anterior and posterior mold sections are generally
complimentary in configuration. They are joined together during the molding
process to form a lens forming or molding cavity. Once the lens is formed,
the mold sections or preforms are separated and the molded lens is removed.
The anterior and posterior mold sections are usually used only once for
casting a lens prior to being discarded due to the significant degradation
of the optical surfaces of the mold sections that often occurs during a
single casting operation. Formation of the mold sections used in casting of
the lens occurs through a separate molding process prior to cast molding of
the lens. In this regard, the mold sections are first formed by injection
molding a resin in the cavity of an injection molding apparatus. More
particularly, mounted in the injection molding apparatus are tools for
forming the mold sections. Typically, the tools are fitted into mold plates
in the injection molding machine and the mold sections are produced by
injection molding a selected resin between opposed sets of injection
molding tools. The tools are typically made from brass, stainless steel,
nickel, or some combination thereof and, unlike the mold sections which are
used only once, the injection molding tools are used again and again to
make large quantities of mold sections. The injection molding tools are
typically formed in accordance with the specification of corresponding
ophthalmic lens surfaces to be formed on or by the mold sections. That is,
the ophthalmic lens being produced determines the specific design of the
mold sections. The needed mold section parameters, in turn, determine the
design of the corresponding injection molding tools. The injection molding
tools are typically manufactured to extremely high specifications and/or
tolerances so that no roughness or surface defects are transferred to the
mold sections being made from the tools. Any such defects on the mold
sections, particularly on an optical surface of a mold section, is likely
to be transferred to, and appear on, the finished lens during the cast
molding operation.Each mold section, whether it be a posterior mold section
or an anterior mold section, includes an optical surface (posterior optical
surface on a posterior mold section and anterior optical surface on an
anterior mold section) that forms a surface of the ophthalmic lens, as well
as a non-optical surface. When injection molding the mold section, the
injection molding apparatus typically includes an optical tool assembly for
forming the optical surface of the mold section and a nonoptical tool
assembly for forming the non-optical surface of the mold section. Prior
improvements to the process of injection molding ophthalmic mold sections
have yielded optical tool assemblies that employ a readily changeable
optical tool insert for forming the optical surface of the mold section.
Rapid changeability of the optical tool insert enables molding of a wider
range of mold sections that can then be used to produce lenses having
varying powers (i.e., varying diopters) without requiring significant
downtime of the injection molding apparatus for tooling changes. When an
optical tool insert is changed for purposes of producing lenses of 



varying powers, the thickness profile of the lens, as well as the
corresponding mold section (or sections), is altered so that lenses of
various powers can be produced. If only the optical tool insert is changed
to vary the power of the lens (i.e., the nonoptical tool assembly and its
non-optical molding surface remains unchanged), the thickness profile of
the lens and the corresponding mold section (or sections) often changes
nonuniformly. Although uniform wall thickness is desirable, slight
nonuniformity in wall thickness is usually acceptable. Typically, the more
significant the change in the optical tool inserts, the greater the
nonuniformity becomes. If the thickness nonuniformity rises above a
predetermined acceptable level or tolerance, the lenses cannot be used. One
solution for maintaining uniform cavity wall thicknesses after an optical
tool insert is changed is to make a corresponding change to the non-optical
tool assembly. However, this is often not a feasible solution due to the
injection molding apparatus downtime required for changing conventional
non-optical tool assemblies. The downtime associated with such non-optical
tooling changes occurs because conventional non-optical tool assemblies
typically have a unitary core member. The unitary core member has a
non-optical molding surface forforming the non-optical surface of the
injection molded mold sections and a watercooling cavity defined therein
that is in fluid communication with cooling lines of the injection molding
apparatus. The unitary nature of the core member necessitates substitution
thereof as the only means for effecting desired changes to the non-optical
molding surface. Alternatively stated, to change the non-optical molding
surface, the entire core member is replaced with another core member having
the desired non-optical molding surface. This can cause significant
downtime and expense. Specific examples of what is required to change a
unitary core member include the steps of disabling fluid communication with
the cooling lines (i.e., shut-off of the cooling lines), draining the
water-cooling cavity (and possibly the entire cooling system), removing the
original core member and installing the replacement core member. These can
be time consuming procedures and often result in significant downtime of
the injection molding apparatus. BRIEF SUMMARY According to one aspect, an
apparatus and method is provided for injection molding an ophthalmic lens
mold. More particularly, in accordance with this aspect, the apparatus
includes an optical tool assembly having an optical molding surface for
forming an optical surface of the ophthalmic lens mold. A non-optical tool
assembly is in opposed relation to the optical tool assembly and together
therewith forms a mold cavity for forming the ophthalmic lens mold. The
non-optical tool assembly includes a core member and a non-optical tool
insert removably secured to the core member. The non-optical tool insert
has a first molding surface for forming a surface of the ophthalmic lens
mold opposite the optical surface. According to another aspect, an
injection molding apparatus is provided for forming a mold section which is
subsequently used for forming an ophthalmic lens. More particularly, in
accordance with this aspect, the injection molding apparatus includes a
cavity ring mounted to an associated first mold plate. An optical tool
insert is removably mounted to the cavity ring. The optical tool insert has
a molding surface with an optical quality finish. A core member is mounted
to an associated second mold plate opposite the associated first mold
plate. The non-optical toolinsert is removably mounted to the core member.
The non-optical tool insert has a first molding surface for forming a
surface of the mold section opposite the optical surface. According to yet
another aspect, a non-optical tool assembly is provided for use in an
injection molding apparatus opposite an optical tool assembly to form a
ophthalmic mold section. More particularly, in accordance with this aspect,
the nonoptical tool assembly includes a core member mounted to an
associated mold plate of the injection molding apparatus and having a
cooling cavity fluidly connected to at least one associated fluid line of
the injection molding apparatus. A non-optical tool insert is separate from
the core member and removably secured thereto. The non-optical tool insert
has a first molding surface for forming a surface of the ophthalmic mold
section opposite an optical surface thereof. According to still another
aspect, a method for forming an ophthalmic lens is provided. More
particularly, in accordance with this aspect, an injection molding
apparatus is provided having an optical tool assembly with an optical mold
surface for forming an optical surface of an anterior mold section and a
non-optical tool assembly in opposed-relation to the optical tool assembly.
The optical tool assembly and the non-optical tool assembly together
forming a mold cavity. The non-optical mold assembly includes a core member
and a non-optical tool insert removably secured to the core member. The
non-optical tool insert has a first molding surface for forming a surface
of the anterior mold section opposite the optical surface. The anterior
mold section is injection molded in the mold cavity. The molded anterior
mold section is removed from the mold cavity. The anterior mold section is
matched with a posterior mold section. An ophthalmic lens is cast molded
between the anterior mold section and the posterior mold section. BRIEF
DESCRIPTION OF THE DRAWINGS FIGURE 1 is a schematic exploded view of a
representative mold section assembly. 



FIGURE 2 is a schematic cross-sectional view of an injection molding
arrangement having tooling (including an anterior core member and a
non-opticaltool insert) for injection molding an anterior mold section of
the mold assembly shown in FIGURE 1. FIGURE 3 is a perspective view of the
non-optical tool insert of FIGURE 2. FIGURE 4 is a perspective view of the
anterior core member of FIGURE 2 . DETAILED DESCRIPTION Referring now to
the drawings wherein the showings are for purposes of illustrating one or
more embodiments and not for purposes of limiting the same, a
representative mold assembly is shown in FIGURE 1 and generally designated
by reference numeral 10. The mold assembly 10 includes an anterior mold
preform or section 12 and a posterior mold preform or section 14. When mold
sections 12 and 14 are assembled, optical surfaces 16,18 of the mold
sections 12,14 define a mold cavity in which an ophthalmic lens 20 is
formed, such as by cast molding. The ophthalmic lens 20 can be, for
example, a contact lens or intraocular lens. The optical surface 16, also
referred to herein as an anterior molding surface, is a concave surface
formed atop the mold section 12 opposite non-optical surface 22.. The
optical surface 18 of the mold section 14, also referred to herein as a
posterior molding surface, is a convex surface formed opposite non-optical
surface 24. In the illustrated mold assembly 10, mold sections 12 and 14
additionally include respective cylindrical walls 26,28 and segment walls
30,32 that nest (but not necessarily touch or contact one another) when the
mold sections are fully assembled. As will be described in more detail
below, each of the mold sections 12,14, also referred to herein as
ophthalmic lens molds, can be injection molded from a plastic resin, such
as polypropylene, polyvinyl chloride (PVC) or polystyrene, for example, in
a full injection molding apparatus (not shown). As will be understood by
those skilled in the art, the injection molded sections 12,14 can then be
used in a cast molding process wherein a curable lens material, such as a
liquid polymerizable monomer mixture, is introduced onto anterior molding
surface 16, the mold sections 12,14 are brought into close association with
the liquid being compressed to fill the mold cavity formed between the
sections 12,14, and the monomer mixture is cured into an ophthalmic lens,
such as contact lens 20 shownin the illustrated embodiment. It is noted
that the mold sections shown herein are for purposes of description only,
it being understood that the mold sections may have a variety of overall
geometries to cast lenses of any desired type and configuration. As will be
understood by those skilled in the art, tools assemblies are mounted in the
injection molding apparatus for forming the mold sections 12,14 by
injection molding. The tool assemblies are mounted to and/or fitted into
mold plates M (FIGURE 2) of the injection molding apparatus and the mold
sections 12,14 are formed by injection molding a selected resin in a cavity
formed between opposed sets of tool assemblies. With additional reference
to FIGURE 2 , only tool assemblies for forming the anterior mold section 12
will be described in further detail herein. However, it will be appreciated
by those skilled in the art that the embodiment or embodiments discussed
herein are easily adaptable for formation of the posterior mold section 14
and both are considered within the scope of the invention both individually
and collectively. In FIGURE 2, a mold cavity 36 is formed between opposed
tool assemblies, including optical tool assembly 38 and non-optical tool
assembly 40, in which the mold section 12 of FIGURE 1 can be formed. As
illustrated, the optical tool assembly 38 forms the optical surface 16 of
the mold section 12 and the non-optical tool assembly 40 forms non-optical
surface 22 (FIGURE 1) on an opposite side of the surface 16. The tool
assemblies 38,40 also combine to form the cylindrical wall 26 and the
segment wall 30 of the mold section 12. The optical tool assembly 38
includes a cavity ring 42 and an optical tool insert 44 mounted to the
cavity ring. More specifically, the insert 44 mounts within a body 46 which
is itself mounted within the cavity ring 42. The cavity ring 42 mates with
the non-optical tool assembly 40 along a parting line 48 to form the closed
mold cavity 36. The cavity ring 42 and the body 46 together define a
molding surface 50 that forms an outer surface of the cylindrical wall 26
and the segment wall 30. The optical tool insert 44 and the body 46 are
removably secured together by a suitable fastener, such as threaded cap
screw 52. Likewise, the cavity ring 42 is secured to the adjacent mold
plate M of the injection molding apparatus by suitable fasteners, such as
cap screws (not shown). The body 46 with the opticaltool 44 secured thereto
is axially secured by radial portion 54 mating within a counterbore 43 of
the cavity ring 42. The optical tool insert 44 includes optical molding
surface 56 which has an optical quality finish to form the anterior molding
optical surface 16 of the mold section 12. As used herein, the term
"optical quality finish" denotes a molding surface that is sufficiently
smooth for forming optical surface 16 which ultimately forms the optical
surface of ophthalmic lens 20, e.g., the produced lens is suitable for
placement in the eye without the need to machine or polish the formed lens
surface. The insert 44 can be one of a set or series of inserts (not shown)
and the removeability of the insert 44 enables it to be readily changed
with another insert from the set of inserts. Each of the inserts in the set
can have a different optical molding surface for purposes of ultimately
molding lenses having differing optical 



powers. A clocking dowel 60 is used to rotatably align the body 46 and the
insert 44. A molding dowel 62 is used to mold an indicating mark on the
mold section 12 for purposes of showing its alignment relative to the
molding insert 44 and to secure the body 46 to the cavity ring 42. A runner
or sprue 64 is disposed between the tool assemblies 38,40 and fluidly
connected to the mold cavity 36 for allowing molten resin to be injected
into the cavity 36 when injection molding the mold section 12. In the
illustrated embodiment, the runner 64 connects to the cavity 36 along a
portion thereof that forms the cylindrical wall 26 and thereby does not
interfere with molding of the optical surface 16. The runner is formed by a
first channel 66 defined in the cavity ring 42 and a second channel 68
formed in tool assembly 40, which is aligned with the first channel. As
known and understood by those skilled in the art, the optical tool assembly
38 can additionally include a water jacket 70 having a cooling cavity 72
adjacent the cavity ring 42 for cooling purposes. The cavity ring 42,
insert 44 and body 46 can be formed, for example, of brass, stainless
steel, nickel or some combination thereof. The molding surfaces 50,56 can
be formed according to methods generally known to those skilled in the art,
such as for example lathe cutting or electrodischarge machining. The
optical molding surface 56 canadditionally be polished to achieve precision
surface quality so that no, or only insignificant, surface imperfections
are transferred to the mold section 12. With additional reference to
FIGURES 3 and 4 , the non-optical tool assembly 40 includes a core member
80, a non-optical tool insert or cap 82 and a stripper member 84 (FIGURE 2
- which can be a stripper plate or sleeve, for example) annularly received
about the core member. In the illustrated embodiment, the stripper member
84 includes the runner channel 68 that in part defines the runner 64. The
non-optical tool insert 82 includes a first molding surface 86 that forms
the surface 22 opposite the optical surface 16 of the molding section 12
and a second molding surface 88 that forms an inner surface of the
cylindrical wall 26 and an inner surface of the segment wall 30. The
non-optical tool insert 82 is removably secured to the core member 80.
Optionally, O-ring 116 is disposed annularly about the insert 82 to seal
between the insert 82 and the core member 80. Specifically, and as seen
best in FIGURE 3, the insert 82 includes a shaft portion 90 having threads
92 thereon. The shaft portion 90 is received in a bore 114 defined in a
distal end of the core member 80 and the threads 92 threadedly engage
internal threads 94 (FIGURE 4) defined in the bore 114. A shoulder 96,
defined on the insert 82 between the shaft portion 90 and a head portion
98, abuts a distal surface 100 on the core member 80 when the insert is
threadedly connected to the core member. The core member 80 can be
conventionally secured to the injection molding apparatus, particularly the
adjacent mold plate Mof the injection molding apparatus. Of course, as
would be apparent to one skilled in the art, the exact design or
configuration to accommodate the molding assemblies 38,40 and their
components (including the core member 80) will depend on the injection
molding apparatus. The head portion 98 additionally includes a tool
engaging area 102 adjacent the shoulder 96 and a ribbed retaining area 104
immediately forward of the area 102, both extending circumferentially about
the insert 82. The tool engaging area 102, which can be tool flats, enables
a mating tool (not shown) to be used in installing or removing the insert
82 from the core member 80. The ribbed retaining area 104 is used to retain
the molded molding section 12 upon separation of themolding assemblies
38,40. More particularly, when the molding assemblies 38,40 are separated,
the engagement between the molding section 12 and the ribbed area 104
provides sufficient resistance to maintain the molding section 12 on the
insert 82. To remove the molded molding section 12 from the insert 82 after
the molding assemblies 38,40 are separated, the stripper member 84 is
advanced in the direction of the mold section 12 (i.e., to the right in
FIGURE 2) and forcibly separates the mold section 12 from the insert 82.
The resistance provided by the engagement of the molding section 12 to the
ribbed area 104 is insufficient to resist the removal force of the stripper
member 84. As illustrated, the core member 80 can include grooves 106
defined therein along at least a portion of a longitudinal extent thereof
for venting of the mold cavity. The core member 80 can also include a
tapered surface 108 that mates with a corresponding tapered surface 110 of
the stripper member 84. The tapered engagement between the core member 80
and the stripper member 84 allows movement of the stripper member that does
not substantially wear on the core member 80 and/or provide significant
frictional resistance. The core member 80 includes a cooling cavity 112
spaced from the bore 114 into which a cooling medium or fluid, such as
water, is directed from cooling lines on the injection molding apparatus
for cooling the molded molding section 12 after injection molding. The
cooling cavity 72 of the water jacket 70 can also be fluidly connected to
the cooling lines of the injection molding apparatus and, together with the
cooling cavity 112, provide balanced cooling (i.e., cooling to both sides)
to molding sections, such as molding section 12, formed in the cavity 36.
The non-optical tool insert molding surface 86, used to form the
non-optical 



surface 22 opposite the optical surface 16, does not require an optical
quality finish as it does not contact the polymerizable lens mixture in the
lens casting process. Thus, the surface 86 does not require the same degree
of polishing as the optical molding surface 56 which is used to form the
optical surface 16 of mold section 12. However, some polishing or grinding
may still be required. Due to the insert 82 and the core member 80 being
separate components, they can more easily be formed of different materials.
For example, the core member 80 could be formed ofberyllium copper (BeCu),
which has enhanced heat transfer characteristics, while the insert 82 is
formed of a material that is more desirable to machine than BeCu from an
environmental/biohazards standpoint, such as cooper, nickel or tin alloys.
The molding surfaces 86,88 can be formed according to generally known
methods, such as lathe cutting or electrodischarge machining. The
separation of the insert 82, which has the molding surface 86 thereon, and
the core member 80, which has the cooling cavity 112 therein, enables the
insert to be removed and replaced with a substitute insert relatively
quickly and with significantly less downtime as might occur when changing a
conventional unitary non-optical tool assembly. Because the cooling cavity
112 is located in a component (the core member 80) that is separate from
the component (insert 82) having the non-optical molding surface 86, the
insert can be changed to effect a change in the non-optical molding surface
without shutting off the cooling lines or draining the cavity 112 and/or
the cooling system of the injection molding apparatus. Moreover, removal of
the insert and replacement of a substitute insert is much more rapid than
removal of an entire core member. Enabling rapid changes of the non-optical
molding surface, via the insert 82 being separate and removably attached to
the core member 80, allows for more frequent changes with less injection
molding apparatus downtime. For example, a series of inserts, including
insert 82, could be provided wherein the inserts have varying non-optical
molding surfaces. When a change is made to the optical tool insert 44, such
as occurs when desirable to mold molding sections capable of forming lenses
of varying powers, a corresponding change can be made to the nonoptical
tooling assembly 40 without causing significant downtime of the injection
molding apparatus. Such a corresponding change in the non-optical tooling
assembly 40 may be desirable to optimize the wall thickness of the molding
section 12 and/or to ensure that the wall thickness is relatively uniform.
The exemplary embodiment has been described with reference to one or more
embodiments. Obviously, modifications and alterations will occur to others
upon reading and understanding the preceding detailed description. It is
intended that the exemplary embodiment be construed as including all such
modificationsand alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.CLAIMS: 1. An apparatus for
injection molding an ophthalmic lens mold, comprising: an optical tool
assembly having an optical molding surface for forming an optical surface
of the ophthalmic lens mold; and a non-optical tool assembly in opposed
relation to said optical tool assembly and together therewith forms a mold
cavity for forming the ophthalmic lens mold, said non-optical tool assembly
including: a core member, and a non-optical tool insert removably secured
to said core member, said non-optical tool insert having a first molding
surface for forming a surface of the ophthalmic lens mold opposite the
optical surface. 2. The apparatus of claim 1wherein said core member
includes a bore having internal threads which are threadedly engaged to
threads on said nonoptical tool insert which is received in said bore. 3.
The apparatus of claim 2 wherein said core member includes a cooling cavity
spaced from said bore and into which a cooling fluid may flow. 4. The
apparatus of claim 2 wherein said non-optical tool insert includes tool
flats for enabling a mating tool to be used in removing said non-optical
tool insert from said core member. 5. The apparatus of claim 2 wherein said
non-optical tool insert includes a ribbed retaining area defined
circumferentially thereabout for retaining the ophthalmic lens mold thereon
when said optical and non-optical tool assemblies are separated after
molding of the ophthalmic lens mold.6. The apparatus of claim 1 wherein
said non-optical tooling assembly further includes: a stripper member
annularly received about said core member and moveable toward said optical
tool assembly for removing a molded ophthalmic lens mold from said
non-optical tool insert. 7. The apparatus of claim 6 wherein said core
member includes a tapered surface that mates with a corresponding tapered
surface of said stripper member. 8. The apparatus of claim 1 wherein said
optical tool assembly includes an optical tool insert having said optical
molding surface thereon that is removably secured to a cavity ring of said
optical tool assembly, said cavity ring having a molding surface that forms
an outer surface of a segment wall and an outer surface of a cylindrical
wall of the ophthalmic lens mold. 



9. The apparatus of claim 8 wherein said cavity ring defines a runner
fluidly connected to said mold cavity for allowing resin to be injected
into said mold cavity when injection molding the ophthalmic lens mold. 10.
The apparatus of claim 1 wherein said non-optical tool insert includes a
second molding surface that forms an inner surface of the segment wall and
an inner surface of the cylindrical wall. 11. The apparatus of claim 1
wherein said mold cavity is shaped to form the ophthalmic lens mold as one
of a posterior lens mold or an anterior lens mold. 12. The apparatus of
claim 1 wherein said core member is formed of beryllium copper and said
non-optical tool insert is formed of copper, nickel, or tin alloys, or a
combination thereof.13. The apparatus of claim 13 wherein said non-optical
tool insert is formed of copper, nickel, or tin alloys, or a combination
thereof. 14. An injection molding apparatus for forming a mold section
which is subsequently used for forming an ophthalmic lens, comprising: a
cavity ring mounted to an associated first mold plate; an optical tool
insert removably mounted to said cavity ring, said optical tool insert
having a molding surface with an optical quality finish; a core member
mounted to an associated second mold plate opposite the associated first
mold plate; and a non-optical tool insert removably mounted to said core
member, said nonoptical tool insert having a first molding surface for
forming a surface of the mold section opposite the optical surface. 15. The
injection molding apparatus of claim 14 wherein said cavity ring, said
optical insert and said non-optical tool insert together form a mold cavity
shaped to mold the mold section. 16. The injection molding apparatus of
claim 14 wherein said core member includes a cooling cavity spaced from
said non-optical tool insert. 17. The injection molding apparatus of claim
14 wherein said core member is beryllium copper for enhanced heat transfer
and said non-optical tool insert is one of copper, nickel, tin or a
combination thereof. 18. The injection molding apparatus of claim 14
wherein said core member includes a cooling cavity wherein a cooling fluid
may flow, and said nonoptical tool insert is changeable without
disconnecting said cooling cavity from communication with said cooling
fluid. 19. A non-optical tool assembly for use in an injection molding
apparatus opposite an optical tool assembly to form a ophthalmic mold
section, comprising:a core member mounted to an associated mold plate of
the injection molding apparatus and having a cooling cavity fluidly
connected to at least one associated fluid line of the injection molding
apparatus; and a non-optical tool insert removably secured to said core
member, said nonoptical tool insert having a first molding surface for
forming a surface of the ophthalmic mold section opposite an optical
surface thereof. 20. The non-optical tool assembly of claim 19 wherein the
core member is formed of beryllium copper and the non-optical tool insert
is formed of a different material. 2 1. A method for forming an ophthalmic
lens, comprising the steps of: providing an injection molding apparatus
having an optical tool assembly having an optical mold surface for forming
an optical surface of an anterior mold section and a non-optical tool
assembly in opposed relation to said optical tool assembly, said optical
tool assembly and said non-optical tool assembly together forming a mold
cavity, said non-optical mold assembly including a core member and a
non-optical tool insert removably secured to said core member and having a
first molding surface for forming a surface of said anterior mold section
opposite said optical surface; injection molding said anterior mold section
in said mold cavity; removing said molded anterior mold section from said
mold cavity; matching said anterior mold section with a posterior mold
section; and cast molding an ophthalmic lens between said anterior mold
section and said posterior mold section. 22. An ophthalmic lens formed by
the method of claim 2 1. 


