
CARBAZOLE COMPOUNDS AND THERAPEUTIC USES OF THE COMPOUNDS CROSS-REFERENCE
TO RELATED APPLICATION [0001] This application claims the benefit of U.S.
provisional patent application No. 61/102,913, filed October 6, 2008,
incorporated by reference herein in its entirety. FIELD OF THE INVENTION
[0002J This invention relates to carbazole compounds, to methods of
preparing the compounds, to pharmaceutical compositions containing the
compounds, and to their use as therapeutic agents. In particular, the
invention relates to carbazole compounds and their use in a variety of
therapeutic areas, including the treatment of cancers. BACKGROUND OF THE
INVENTION [0003] The frequency of cancer in humans has increased in the
developed world as the population has aged. For some types of cancers and
the stage of disease at diagnosis, morbidity and mortality rates have not
improved significantly in recent years despite extensive research.
Induction of cell death is one of the most attractive cancer treatment
strategies. There is a significant need to identify agents that are capable
of inducing cell death in tumor cells and/or that potentiate
chemotherapeutic and radiation therapies. SUMMARY OF THE INVENTION [0004]
The present invention is directed to compounds and compositions that induce
cell death, and to therapeutic uses of the compounds in the treatment of a
cancer and other conditions in individuals in need of such treatment. The
present invention also is directed to methods of preparing the therapeutic
compounds. [0005] More particularly, the present invention is directed to
compounds and methods of treating diseases and conditions such as cancers,
inflammatory diseases, microbial infections, viral infections, and
protozoan infections. The compounds are useful in a method comprising
administering a therapeutically effective amount of a compound of
structural formula (I) to an individual in need thereof. [0006] In
particular, the present invention is directed to carbazole compounds having
a structural formula (I):wherein Ra is selected from the group consisting
of hydrogen, Ci.6 alkyl, Ci-6 haloalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, ORe, N(R 2, and SRe; alternatively, either Ra and R1 or
NRe and R1 together with the carbon atoms to which they are attached form a
five or six-membered aliphatic carbocyclic or heterocyclic ring; Rb is
selected from the group consisting of hydrogen, C alkyl, C1- haloalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, ORe, N(R , and SRe,
alternatively, either Rb and R6 or NRe and R6 together with the carbon
atoms to which they are attached form a five or six-membered aliphatic
carbocyclic ring or a five or six-membered aliphatic carbocyclic or
heterocyclic ring; Rc is selected from the group consisting of hydrogen, Ci
alkyl, Ci^hydroxyalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and
C(=O)Re, or Rc and R are taken together to form a five, six, or
seven-membered aliphatic ring, optionally containing an oxygen atom; Rd is
selected from the group consisting of hydrogen, C alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)Re, or R and R7 together with
the atoms to which they are attached form a five or six-membered aliphatic
ring; Re, independently, is selected from the group consisting of hydrogen,
C -6 alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two Re
groups taken together with a nitrogen to which they are attached to form a
five or six-membered aliphatic ring; R1, R2, R3, R4, R5, and R6,
independently, are selected from the group consisting of hydrogen, Ci-
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, ORe, C(=O)Re,
C(=O)ORe, OC(=O)Re, CC=O)N(R^2, C(=O)NReSO2Re, N(R 2, NReC(=O)Re,
NReC(=O)N(Re)2, CN, NO2, CF3, OCF3, SRe, SORe, SO2R , SO2N(R 2, and
OSO2CF3; R7 is selected from the group consisting of hydrogen, Ci- alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and n is O, 1, 2, 3, 4,
or 5,or a pharmaceutically acceptable salt or hydrate thereof. [0007] The
present invention also is directed to carbazole compounds having a
structural formula (II): wherein Ri f i s selected from the group
consisting of hydrogen, Ci- alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, and C(=O)Rh, or R and R8 are taken together to form a five,
six, or seven-membered aliphatic ring optionally containing an oxygen atom;
Rg is selected from the group consisting of hydrogen, C1- alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C(=O)Rh, or Rg and R8
together with the atoms to which they are attached form a five or
six-membered aliphatic ring; Rh, independently, is selected from the group
consisting of hydrogen, C1-6 alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl, or two Rh groups taken together with a nitrogen to which they
are attached to form a five or six-membered aliphatic ring; R8 is selected
from the group consisting of hydrogen, Ci alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; R9, R10 , R1 1, R12, R1 , and R14,
independently, are selected from the group consisting of hydrogen, Ci
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, OR1, C(=O)Rh,
C(=O)ORh, OC(=O)Rh, C(=O)N(Rh)2, C(=O)NRhSO2Rh, N(Rh)2, NReC(=O)Rh, 



NRhC(=O)N(Rh)2, CN, NO2, CF3, OCF3, SRh, SORh, SO2Rh, SO2N(Rh)2, and
OSO2CF3; p is O, 1, 2, 3, 4, or 5, with the proviso that when p is 2, one
of Rf and R8 is different from ethyl, or a pharmaceutically acceptable salt
or hydrate thereof. [0008] A disease or condition that can be treated in
accordance with present invention includes, for example, a cancer,
inflammation, autoimmune disease, microbial infection, protozoan infection,
viral infection, graft versus host disease, a condition associated with
HIVinfection, or pre-cancerous cells. Forms of cancer that can be treated
include, but are not limited to, renal cell carcinoma, sarcoma, prostate
cancer, breast cancer, pancreatic cancer, myeloma, myeloid and
lymphoblastic leukemia, neuroblastoma, glioblastoma, or a cancer caused by
HTLV infection. [0009] In some embodiments, the compound has a general
structural formula (Ia): wherein Ra is d 3 alkyl, C1-4 haloalkyl, C3-5
cycloalkyl, N(R 2, or ORe, or Ra and R1 together with the carbon atoms to
which they are attached form a five or six-membered aliphatic carbocyclic
ring; Rb is Ci-4 alkyl, C -4 haloalkyl, C3-5 cycloalkyl, N(R e)2, or ORe,
or Rb and R6 together with the carbon atoms to which they are attached form
a five or six-membered aliphatic carbocyclic ring or a five or six-membered
aliphatic ring containing one nitrogen atom; Rc is Ci-6 alkyl, C -
CyClOaIkV, or Ci-3hydroxyalkyl; Rd is hydrogen, Ci- alkyl, or C3-5
cycloalkyl, or R and R7 together with the atoms to which they are attached
form a five or six-membered aliphatic ring containing one nitrogen atom, or
Rc and R are taken together to form a six- or seven-membered aliphatic
ring, optionally containing an oxygen atom; Re, independently, is hydrogen
or Ci-3 alkyl; R1 is hydrogen or C -3 alkyl; R is hydrogen, hydroxy, or Ci
3 alkoxy; R3 and R4, independently, are hydrogen or Ci-3 alkyl; R5 is
hydrogen, hydroxy, Ci-3alkoxy, or halo; R6 is hydrogen, Ci-3alkyl,
Ci-3alkoxy, or halo; R7 is hydrogen or Ci-3 alkyl; and n is O, 1, 2, 3, 4,
or 5,or a pharmaceutically acceptable salt or hydrate thereof. [0010] In
other embodiments, the compound has a general structural formula (Ib):
wherein Ra is methyl, ethyl, n-propyl, cyclopropyl, NH(CH ), or OCH3, or Ra
and R1 together with the carbon atoms to which they are attached form a
five-membered aliphatic carbocyclic ring; Rb is methyl, ethyl, n-propyl,
cyclopropyl, NH(CH3), or OCH3, or Rb and R6 together with the carbon atoms
to which they are attached form a five-membered aliphatic carbocyclie ring
or a five-membered aliphatic ring containing one nitrogen atom; Rc is
methyl, ethyl, n-propyl, isopropyl, cyclobutyl, or 2-hydroxyethyl; Rd is
hydrogen, methyl, ethyl, or cyclobutyl, or Rd and R7 together with the
atoms to which they are attached form a five-membered aliphatic ring
containing one nitrogen atom; or R0 and Rd are taken together to form a
morpholino moiety; a tetrahydrofuryl moiety; a piperidinyl moiety; a
moiety, or a moiety; R is hydrogen; R is hydrogen, hydroxy, or methoxy; R3
and R4 are hydrogen; R is hydrogen, hydroxy, methoxy, or fluoro; R6 is
hydrogen, methyl, methoxy or fluoro; R7 is hydrogen; and n is 1 or 2, or a
pharmaceutically acceptable salt or hydrate thereof.[001 1] In other
embodiments, the compound has a general structural formula (Ha): (Ha),
wherein R is Ci- alkyl; Rg is hydrogen or C - alkyl, or Rg and R8 together
with the atoms to which they are attached form a five or six-membered
aliphatic ring containing one nitrogen atom; R9 is hydrogen or C alkyl; R10
is hydrogen, hydroxy, or C1-3 alkoxy; R1 1 and R12, independently, are
hydrogen or Ci- alkyl; R13 is hydrogen, hydroxy, C^alkoxy, or halo; R14 is
hydrogen, Ci-3alkyl, or Ci-3alkoxy; R8 is hydrogen or Ci 3 alkyl; and p is
O, 1, 2, 3, 4, or 5, with the proviso that when p is 2, one of R and R8 is
different from ethyl, or a pharmaceutically acceptable salt or hydrate
thereof. [0012] In still other embodiments, the compound has a structural
formula (lib): (lib), wherein R is methyl or ethyl; Rg is hydrogen or
methyl or Rg and R8 together with the atoms to which they are attached form
a five-membered aliphatic ring containing one nitrogen atom; 



R8 is hydrogen; andp is 1 or 2, or a pharmaceutically acceptable salt or
hydrate thereof. [0013] One aspect of the present invention is to provide a
method of treating a condition or disease by administering a
therapeutically effective amount of one or more compound of structural
formula (1), (Ia), (Ib), (II), (Ha), or (lib), or a composition comprising
one or more of a compound of structural formula (I), (Ia), (Ib), (II),
(Ha), or (lib), to an individual in need thereof. The composition can
further comprise a death receptor activator of a TNF family polypeptide.
The activator can be a TNF polypeptide, such as one or more of NGF, CD40L,
CD137L/4-1BBL, TNF-a, CD134L/OX40L, CD27L/CD70, FasL/CD95, CD30L, TNF-b/LT-
a, LT-b, and TRAIL. [0014] Another aspect of the present invention is to
provide pharmaceutical compositions comprising one or more compound of
structural formula (I) or (II), and use of the compositions in a
therapeutic treatment of a disease or condition. [0015] Yet another aspect
of the present invention is to provide a method of treating an individual
undergoing a chemotherapeutic or radiotherapeutic treatment for a medical
condition comprising administration of a compound of structural formula (I)
and/or (II) in combination with a chemotherapeutic agent, a
radiotherapeutic agent, or both, to the individual. A nonlimiting
indication treated by this method is a cancer. [0016] The above and
additional aspects of the present invention will become apparent from the
following nonlimiting detailed description of preferred embodiments of the
present invention. BRIEF DESCRIPTION OF THE FIGURES [0017] Figure Ia is a
plot of fold to NF- KB activity relative to DMSO control vs. concentration
for carbazoles of the present invention; Figure Ib is a plot of ECso(mM)
for p53 activation and NF-kB inhibition for carbazoles of the present
invention; Figures 2a through 2k are plots of % cell viability vs.
concentration (mM) for various tumor cells treated with carbazoles of the
present invention; Figure 3 contains a plot of tumor volume vs. days of
treatment in an HCT 116 sc xenograft model using the compound of Example 7;
Figure 4 is a schematic showing the three dimensional analysis of active
carbazole compounds; Figure 5 is a schematic showing the three dimensional
analysis of inactive carbazole compounds; Figure 6 is a schematic showing
the three dimensional structure of an active carbazole compound, i.e.,
Example 2; Figure 7 is a schematic showing the three dimensional structure
of an inactive carbazole compound, i.e., Compound 200; Figure 8 contains
plots of tumor volume (mm3) vs. days of treatment for individual tumor
growth in mice treated with a control vehicle (Fig. 8a) and in mice treated
with the compound of Example 7 (Fig. 8b); Figure 9 contains plots of tumor
volume (mm3) vs. days of treatment with a control vehicle and with the
compound of Example 7; Figure 10 contains plots of the relative weight of
individual mice vs. days after cell inoculation in mice treated with the
control vehicle (Fig. 1Oa) and mice treated with the compound of Example 7
(Fig 10b); and Figure 11 contains plots of concentration of Compound 100
(mM) vs. relative cell survival for thirteen cancer cell lines showing that
a present carbazole compound is an effective agent against numerous types
of cancer; Figure 12 contains bar graphs showing the antiparasitic activity
of various carbazole compounds against Plasmodiumfalciparum (strain DlO);
and Figure 13 contains plots showing the antibacterial activity of various
carbazole compounds against Gram negative (Fig. 13a) and Gram positive
bacteria (Fig. 13b). DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018] With respect to the compounds, compositions, and methods disclosed
herein, the terminology used is for the purpose of describing particular
embodiments and is not intended to be limiting. As used in the
specification and the appended claims, the singular forms "a," "an" and
"the" include plural referents unless the context clearly dictates
otherwise. [0019] The present invention is directed to compounds having a
general structural formula (I) and (II). The carbazole compounds disclosed
herein are useful in the treatment of diseases and conditions, such as
cancers, inflammatory disease, microbial infections, viral
infections,protozoan infections, or an autoimmune disease. ) wherein Ra is
selected from the group consisting of hydrogen, Ci- alkyl, Ci- haloalkyi,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, ORe, N(R ) , and SRe, or
either Ra and R1 or NRe and R1 together with the carbon atoms to which they
are attached form a five or sixmembered aliphatic carbocyclic or
heterocyclic ring; Rb is selected from the group consisting of hydrogen,
Ci-6alkyl, C^haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
ORe, N(Re)2, and SRe, or either Rb and R6 or NRe and R6 together with the
carbon atoms to which they are attached form a five or sixmembered 



aliphatic carbocyclic ring or a five or six-membered aliphatic carbocyclic
or heterocyclic ring; Rc is selected from the group consisting of hydrogen,
Ci- hydroxyalkyi, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and
C(=O)Re, or R0 and R are taken together to form a five, six, or
seven-membered aliphatic ring, optionally containing an oxygen atom; Rd is
selected from the group consisting of hydrogen, C1-6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)Re, or Rd and R7 together with
the atoms to which they are attached form a five or six-membered aliphatic
ring; Re, independently, is selected from the group consisting of hydrogen,
C1 6 alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two Re
groups taken together with a nitrogen to which they are attached to form a
five or six-membered aliphatic ring; R1, R2, R3, R4, R5, and R6,
independently, are selected from the group consisting of hydrogen, Ci-6
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, ORe, C(-O)R e,
C(=O)ORe, OC(=O)Re, C(=O)N(Re)2, C(=O)NReSO2Re, N(R 2, NReC(=O)Re,
NReC(=O)N(Re)2, CN, NO2, CF3, OCF3, SRe, SORe, SO2Re, SO2N(R 2, and
OSO2CF3; R7 is selected from the group consisting of hydrogen, Ci alkyl,
cycloalkyl,heterocycloalkyl, aryl, and heteroaryl; and n is O, 1, 2, 3, 4,
or 5, or a pharmaceutically acceptable salt or hydrate thereof. [0020] In
preferred embodiments, the compounds have general structural formula (Ia):
wherein Ra is Ci 3 alkyl, C, 4 haloalkyl, C3-5 cycloalkyl, N(R 2, or ORe,
or Ra and R1 together with the carbon atoms to which they are attached form
a five or six-membered aliphatic carbocyclic ring; Rb is C alkyl, C1-4
haloalkyl, C3 5 cycloalkyl, N(R% or ORe, or Rb and R6 together with the
carbon atoms to which they are attached form a five or six-membered
aliphatic carbocyclic ring or a five or six-membered aliphatic ring
containing one nitrogen atom; Rc is Ci_6 alkyl, C3- cycloalkyl, or Ci 3
hydroxyalkyl; R is hydrogen, Ci alkyl, or C3-5cycloalkyl, or R and R7
together with the atoms to which they are attached form a five or
six-membered aliphatic ring containing one nitrogen atom or Rc and R are
taken together to form a six or seven-membered aliphatic ring, optionally
containing an oxygen atom; Re, independently, is hydrogen or C -3 alkyl; R1
is hydrogen or C 3 alkyl; R2 is hydrogen, hydroxy, or Ci-3 alkoxy; R3 and
R4, independently, are hydrogen or Ci-3 alkyl; R5 is hydrogen, hydroxy,
Ci-3alkoxy, or halo; R6 is hydrogen, Ci-3alkyl, Ci-3alkoxy, or halo; R7 is
hydrogen or Ci-3 alkyl; and n is O, 1, 2, 3, 4, or 5, or a pharmaceutically
acceptable salt or hydrate thereof.[0021] In more preferred embodiments,
the compounds have a general structural formula (Ib): wherein Ra is methyl,
ethyl, n-propyl, cyclopropyl, NH(CH ), or OCH , or Ra and R1 together with
the carbon atoms to which they are attached form a five-membered aliphatic
carbocyclic ring; Rb is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or
OCH3, or Rb and R6 together with the carbon atoms to which they are
attached form a five-membered aliphatic carbocyclic ring or a five-membered
aliphatic ring containing one nitrogen atom; Rc is methyl, ethyl, n-propyl,
isopropyl, cyclobutyl, or 2-hydroxyethyl; Rd is hydrogen, methyl, ethyl, or
cyclobutyl, or Rd and R7 together with the atoms to which they are attached
form a five-membered aliphatic ring containing one nitrogen atom, or Rc and
Rd are taken together to form a morpholino moiety, a tetrahydrofuryl
moiety, a piperidinyl moiety, or a moiety, a moiety; R1 is hydrogen; R is
hydrogen, hydroxy, or methoxy; R and R are hydrogen; R5 is hydrogen,
hydroxy, methoxy, or fluoro; R6 is hydrogen, methyl, methoxy, or fluoro; R7
is hydrogen; and n is 1 or 2, or a pharmaceutically acceptable salt or
hydrate thereof.[0022] In another embodiment, the present invention also is
directed to carbazole compounds having a structural formula (II): wherein R
is selected from the group consisting of hydrogen, Ci alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)Rh, or Rf and Rg are taken
together to form a five, six, or seven-membered aliphatic ring optionally
containing an oxygen atom; Rg is selected from the group consisting of
hydrogen, C1- alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and
C(=O)R , or Rg and Rh together with the atoms to which they are attached
form a five, six, or seven-membered aliphatic ring; Rh, independently, is
selected from the group consisting of hydrogen, C1 6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, or two Rh groups taken together 



with a nitrogen to which they are attached to form a five or six-membered
aliphatic ring; R R, 10 , Ri l"l, R112 ,R, 13 , and R, 114, independently,
are selected from the group consisting of hydrogen, C alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, halo, ORh, C(=O)Rh, C(=O)ORh, OC(=O)Rh,
C(=O)N(Rh)2, C(=O)NRhSO2Rh, N(Rh)2, NRhC(=O)Rh, NRhC(=O)N(Rh)2, CN, NO2,
CF3, OCF3, SRh, SORh, SO2Rh, SO2N(Rh)2, and OSO2CF3; R8 is selected from
the group consisting of hydrogen, Ci- alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl; and p is O, 1, 2, 3, 4, or 5, with the proviso that
when p is 2, one of Rf and Rg is different from ethyl, or a
pharmaceutically acceptable salt or hydrate thereof.[0023] In other
embodiments, the compound has a general structural formula (Ha): (Ha)
wherein Ri f i-s Ci alkyl; Rg is hydrogen or Ci alkyl, or Rg and R8
together with the atoms to which they are attached form a five or
six-membered aliphatic ring containing one nitrogen atom; R9 is hydrogen or
Ci alkyl; R10 is hydrogen, hydroxy, or Ci- alkoxy; R1' and R12 ,
independently, are hydrogen or Ci-3 alkyl; R13 is hydrogen, hydroxy,
Ci_3alkoxy, or halo; R14 is hydrogen, Ci_3alkyl, or Ci.3alkoxy; R8 is
hydrogen or C 3 alkyl; and p is O, 1, 2, 3, 4, or 5, with the proviso that
when p is 2, one of Rf and R8 is different from ethyl, or a
pharmaceutically acceptable salt or hydrate thereof. [0024] In still other
embodiments, the compound has a structural formula (lib): (lib) wherein R
is methyl or ethyl; Rg is hydrogen or methyl, or Rg and R8 together with
the atoms to which theyare attached form a five-membered aliphatic ring
containing one nitrogen atom; R is hydrogen; and p is 1 or 2, or a
pharmaceutically acceptable salt or hydrate thereof. [0025] As used herein,
the term "alkyl" means straight chained and branched hydrocarbon groups
containing the indicated number of carbon atoms, typically methyl, ethyl,
and straight chain and branched propyl and butyl groups. The term
"cycloalkyl" is defined as a cyclic hydrocarbon group containing the
indicated number of carbon atoms, e.g., cyclopropyl, cyclobutyl,
cyclohexyl, and cyclopentyl. [0026] The term "heterocycloalkyl" means
monocyclic, bicyclic, and, tricyclic cycloalkyl groups containing one or
more heteroatoms selected from the group consisting of oxygen, nitrogen,
and sulfur in the ring structure. A "heterocycloalkyl" group also can
contain an oxo group (=O) attached to the ring. Nonlimiting examples of
heterocycloalkyl groups include, but are not limited to, 1,3-dioxolane,
2-pyrazoline, pyrazolidine, pyrrolidine, piperazine, a pyrroline, 2H-pyran,
4H-pyran, morpholine, thiopholine, piperidine, 1,4-dithiane, and 1,4-
dioxane. [0027] The term "halo" or "halogen" means fluorine, bromine,
chlorine, and iodine. [0028] The term "haloalkyl" means an alkyl group
substituted with one or more, e.g., 1 to 3, halo substituents, either
fluoro, chloro, bromo, iodo, or combinations thereof. Similarly,
"halocycloalkyl" is defined as a cycloalkyl group having one or more halo
substituents. [0029] The term "aryl," alone or in combination, means a
monocyclic or polycyclic aromatic group, preferably a monocyclic or
bicyclic aromatic group, e.g., phenyl or naphthyl. Unless otherwise
indicated, an "aryl" group can be unsubstituted or substituted, for
example, with one or more, and in particular one to three, halo, alkyl,
hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl, nitro, amino, alkylamino,
acylamino, alkylthio, alkylsulfinyl, and alkylsulfonyl. Exemplary aryl
groups include phenyl, naphthyl, tetrahydronaphthyl, 2-chlorophenyl,
3-chlorophenyl, 4-chlorophenyl, 2-methylphenyl, 4-methoxyphenyl,
3-trifluoromethylphenyl, 4-nitrophenyl, and the like. [0030] The term
"heteroaryl" means a monocyclic or bicyclic ring system containing one or
two aromatic rings and containing at least one nitrogen, oxygen, or sulfur
atom in an aromaticring, and which can be unsubstituted or substituted, for
example, with one or more, and in particular one to three, substituents,
like halo, alkyl, hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl,
nitro, amino, alkylamino, acylamino, alkylthio, alkylsulfinyl, and
alkylsulfonyl. Examples of heteroaryl groups include, but are not limited
to, thienyl, furyl, pyridyl, oxazolyl, quinolyl, isoquinolyl, indolyl,
triazolyl, isothiazolyl, isoxazolyl, imidizolyl, benzothiazolyl, pyrazinyl,
pyrimidinyl, thiazonyl, and thiadiazolyl. |0031] The term "alkylene" means
an alkyl group having a substituent. For example, the term
"Ci^alkylenearyl" refers to an alkyl group containing one to three carbon
atoms and substituted with an aryl group. [0032] The term "hydroxy" means
-OH. [0033] The term "alkoxy" means -OR, wherein R is alkyl. [0034] The
term "amino" means -NH , and the term "alkylamino" means -NR , wherein at
least one R is alkyl and the second R is alkyl or hydrogen. 



[0035] The term "acylamino" means R(=O)N-, wherein R is alkyl or aryl.
[0036] The term "alkylthio" means -SR, wherein R is alkyl. ]0037] The term
"nitro" means NO2. [0038] The term "trifluoromethyl" means CF3. [0039] The
term "trifluoromethoxy" means -OCF 3. [0040] The term "cyano" means -CN.
[0041] The term "alkoxyalkyl" means an alkyl group wherein a hydrogen has
been replaced by an alkoxy group. [0042] The term "hydroxyalkyl" means an
alkyl group wherein a hydrogen has replaced by a hydroxy group. [0043] The
term "alkylsulfinyl" means R-SO - , wherein R is alkyl. [0044] The term
"alkylsulfonyl" means R-SO 3- , wherein R is alkyl.[0045] The term
"morpholino moiety" means [0046] The term "tetrahydrofuryl moiety" means
[0047] The term "piperidinyl moiety" means , optionally substituted with an
-OH or -CH 2OH group. [0048] The terms "effective amount" and
"therapeutically effective amount," when used in reference to a compound or
composition, means a sufficient amount of the compound or composition to
provide the desired result. The exact amount desired or required will vary
depending on the particular compound or composition used, its mode of
administration, and the like. Thus, it is not always possible to specify an
exact "effective amount" or "therapeutically effective amount". However, an
appropriate effective amount can be determined by one of ordinary skill in
the art informed by the instant disclosure using only routine
experimentation. [0049] The term "suitable" means an entity, e.g., a
moiety, substituent, or compound, that is compatible with the compounds or
compositions as provided herein for the stated purpose. Suitability for the
stated purpose may be determined by one of ordinary skill in the art using
only routine experimentation. [0050] The term "administer", when used to
describe the dosage of a compound or composition, means a single dose or
multiple doses of the compound or composition. [0051] "In vivo" means
within a living subject, as within an animal or human. In this context,
agents can be used therapeutically in a subject to treat a condition or
disease, or a symptom thereof. The agents also can be used as a
prophylactic to prevent the occurrence or recurrence of a disease
conditions or symptoms associated therewith. [0052] "Ex vivo" means outside
a living subject. Examples of ex vivo cell populationsinclude in vitro cell
cultures and biological samples such as fluid or tissue samples from humans
or animals. Such samples can be obtained by methods well known in the art.
Exemplary biological fluid samples include blood, cerebrospinal fluid,
urine, saliva. Exemplary tissue samples include tumors and biopsies
thereof. In this context, the present compounds can be in numerous
applications, both therapeutic and experimental. [0053J The term
"radiosensitizer" means a compound administered to a human or other animal
in a therapeutically effective amount to increase the sensitivity of cells
to electromagnetic radiation and/or to promote the treatment of diseases
treatable with electromagnetic radiation. [0054] The terms "electromagnetic
radiation" and "radiation" mean, but are not limited to, radiation having
the wavelength of 10  to 100 meters. [0055] The term "cell death" means a
process wherein cell functioning, proliferation, and metabolism is stopped.
[0056] The term "cancer treatment" means any treatment for cancer known in
the art including, but not limited to, chemotherapy and radiation therapy.
[0057] The term "combination with", when used to described administration
of a present carbazole compound and any additional treatment, means that
the carbazole compound can be administered prior to, simultaneously with,
or after the additional treatment, or a combination thereof. [0058] As used
herein, the terms "treat," "treating," "treatment," and the like refer to
eliminating, reducing, or ameliorating a disease or condition and/or
symptoms associated therewith. Although not precluded, treating a disease
or condition does not require that the disease, condition, or symptoms
associated therewith be completely eliminated. As used herein, the terms
"treat," "treating," "treatment," and the like may include "prophylactic
treatment," which refers to reducing the probability of redeveloping a
disease or condition, or of a recurrence of a previously-controlled disease
or condition, in a subject who does not have, but is at risk of or is
susceptible to, redeveloping a disease or condition or a recurrence of the
disease or condition. The term "treat" and synonyms contemplate
administering a compound of the invention to an individual in need of such
treatment. [0059] Within the meaning of the invention, "treatment" also
includes relapse prophylaxisor phase prophylaxis, as well as the treatment
of acute or chronic signs, symptoms and/or malfunctions. The treatment can
be orientated symptomatically, for example, to suppress symptoms. It can be
effected over a short period, be oriented over a medium term, or can be a
long-term treatment, for example within the context of a maintenance
therapy. [0060] The term "mammal" includes humans, companion animals (e.g.,
dogs, cats, and horses), zoo animals (e.g., zebras, elephants, and large
cats), food-source animals (e.g., cows, 



pigs, goats, and sheep), and research animals (e.g., rats, mice, goats, and
guinea pigs). [0061J The present invention is directed, in part, to the
discovery that pharmaceutical compositions comprising a carbazole compound
of general structural formulas (I) and (II) can be used to modulate NF-kB
activity, such as NF-kB-mediated immune responses and conditions described
in International Patent Application PCT/US05/25884, designating the United
States, the contents of which are incorporated herein by reference. [0062]
In preferred embodiments of a carbazole compound of structural formula (I),
Ra is methyl, ethyl, NH(CH ), OCH3, or forms a five-membered aliphatic ring
with R1. In other preferred embodiments, R is methyl, ethyl, NH(CH ), OCH3,
forms a five-membered aliphatic ring with R6, or forms a five-membered,
nitrogen containing, aliphatic ring with R6. In another preferred
embodiment, R is hydrogen, methyl, ethyl, or forms a five-membered
aliphatic ring with R7. [0063] In preferred embodiments, R1 is hydrogen or
forms a five-membered aliphatic ring with Ra. In other preferred
embodiments, R2 is hydrogen or hydroxy. In still other preferred
embodiments, R3 is hydrogen. In further preferred embodiments, R4 is
hydrogen. In yet further preferred embodiments, R5 is hydrogen or hydroxy.
In some preferred embodiments, R6 is hydrogen, forms a five-membered
aliphatic ring with Rb, or forms a five-membered, nitrogen-containing
aliphatic ring with R . In preferred embodiments, R7 is hydrogen or forms a
five-membered ring with Rd. In yet further preferred embodiments, n is 2 or
3. [0064] In preferred embodiments of a carbazole compound of structural
formula (II), R is methyl or ethyl, Rg is hydrogen, methyl, ethyl, or forms
a five-membered, nitrogen containing aliphatic ring with Rf and R8, or R8
is hydrogen, R9, R10, R1\ R12 , R13 , and R14 are hydrogen. In yet further
embodiments, p is 2 or 3. [0065] Two additional carbazole compounds useful
in the treatment of a variety of - I !conditions and diseases are Example
26 and Compound 17b [0066] The present invention includes all possible
stereoisomers and geometric isomers of the compounds of structural formula
(I) and (II). The present invention includes both racemic compounds and
optically active isomers. When a compound of structural formula (I) or (II)
is desired as a single enantiomer, it can be obtained either by resolution
of the final product or by stereospecific synthesis from either
isomerically pure starting material or use of a chiral auxiliary reagent,
for example, see Z. Ma et al., Tetrahedron: Asymmetry, 8(6), pages 883-888
(1997). Resolution of the final product, an intermediate, or a starting
material can be achieved by any suitable method known in the art.
Additionally, in situations where tautomers of the compounds of structural
formula (I) or (II) are possible, the present invention is intended to
include all tautomeric forms of the compounds. [0067] Prodrugs of compounds
of structural formula (I) and (II) also can be used as the compound in a
method of the present invention. It is well established that a prodrug
approach, wherein a compound is derivatized into a form suitable for
formulation and/or administration, then released as a drug in vivo, has
been successfully employed to transiently (e.g., bioreversibly) alter the
physicochemical properties of the compound (see, H. Bundgaard, Ed., "Design
of Prodrugs," Elsevier, Amsterdam, (1985); R.B. Silverman, "The Organic
Chemistry of Drug Design and Drug Action," Academic Press, San Diego,
chapter 8, (1992); K.M. Hillgren et al., Med. Res. Rev., 15, 83 (1995)).
[0068] Compounds of the present invention can contain one or more
functional groups. The functional groups, if desired or necessary, can be
modified to provide a prodrug. Suitable prodrugs include, for example, acid
derivatives, such as amides and esters. It also isappreciated by those
skilled in the art that N-oxides can be used as a prodrug. [0069J Compounds
of the invention can exist as salts. Pharmaceutically acceptable salts of
the compounds of the invention generally are preferred in the methods of
the invention. As used herein, the term "pharmaceutically acceptable salts"
refers to salts or zwitterionic forms of the compounds of structural
formula (I) and (II). Salts of compounds of formula (I) and (II) can be
prepared during the final isolation and purification of the compounds or
separately by reacting the compound with an acid having a suitable cation.
The pharmaceutically acceptable salts of compounds of structural formula
(I) and (II) are acid addition salts formed with pharmaceutically
acceptable acids. Examples of acids which can be employed to form
pharmaceutically acceptable salts include inorganic acids such as nitric,
boric, hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic
acids such as oxalic, maleic, succinic, and citric. Nonlimiting examples of
salts of compounds of the invention include, but are not limited to, the
hydrochloride, hydrobromide, hydroiodide, sulfate, bisulfate, 2-
hydroxyethansulfonate, phosphate, hydrogen phosphate, acetate, adipate,
alginate, aspartate, benzoate, bisulfate, butyrate, camphorate,
camphorsulfonate, digluconate, glycerolphsphate, hemisulfate, heptanoate,
hexanoate, formate, succinate, fumarate, maleate, ascorbate, isethionate,
salicylate, methanesulfonate, mesitylenesulfonate, naphthylenesulfonate,
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate, 3- phenylproprionate, picrate, pivalate, propionate,
trichloroacetate, trifiuoroacetate, phosphate, glutamate, bicarbonate,
paratoluenesulfonate, undecanoate, lactate, citrate, tartrate, gluconate,
methanesulfonate, ethanedisulfonate, benzene sulphonate, and
p-toluenesulfonate salts. In addition, available amino groups present in
the compounds of the invention can be 



quaternized with methyl, ethyl, propyl, and butyl chlorides, bromides, and
iodides; dimethyl, diethyl, dibutyl, and diamyl sulfates; decyl, lauryl,
myristyl, and steryl chlorides, bromides, and iodides; and benzyl and
phenethyl bromides. In light of the foregoing, any reference to compounds
of the present invention appearing herein is intended to include compounds
of structural formula (I) and/or (II) as well as pharmaceutically
acceptable salts, hydrates, or prodrugs thereof. [0070] The compounds of
structural formula (I) and (II) also can be conjugated or linked to
auxiliary moieties that promote a beneficial property of the compound in a
method of therapeutic use. Such conjugates can enhance delivery of the
compounds to a particularanatomical site or region of interest (e.g., a
tumor), enable sustained therapeutic concentrations of the compounds in
target cells, alter pharmacokinetic and pharmacodynamic properties of the
compounds, and/or improve the therapeutic index or safety profile of the
compounds. Suitable auxiliary moieties include, for example, amino acids,
oligopeptides, or polypeptides, e.g., antibodies such as monoclonal
antibodies and other engineered antibodies; and natural or synthetic
ligands to receptors in target cells or tissues. Other suitable auxiliaries
include fatty acid or lipid moieties that promote biodistribution and/or
uptake of the compound by target cells (see, e.g., Bradley et al., Clin.
Cancer Res. (2001) 7:3229). [0071] Compounds of the present invention are
potent inhibitors of NF-kB. Thus, compounds of formula (I) and (II) are of
interest for use in therapy, specifically for the treatment of a variety of
conditions where inhibition of NF-kB is considered beneficial. NFKB
inhibition is particularly attractive targets because such inhibition
provides effects such as apoptosis, antimicrobial, antiprotozoan,
antiviral, and anti-inflammatory, all of which are beneficial in the
treatment of various disease states. The compounds of formula (I) and (II),
therefore, have utility in the treatment of a number of disorders,
diseases, and conditions. [0072] The potency of a present carbazole
compound is determined by measuring an ability of the compound to inhibit
NF-kB activity or to activate p53. Activation of p53 typically is measured
using a dose-response assay in which a sensitive assay system is contacted
with a compound of interest over a range of concentrations, including
concentrations at which no or minimal effect is observed, through higher
concentrations at which partial effect is observed, to saturating
concentrations at which a maximum effect is observed. Theoretically, such
assays of the dose-response effect of activator compounds can be described
as a sigmoidal curve expressing a degree of activation as a function of
concentration. The curve also theoretically passes through a point at which
the concentration is sufficient to increase activity to a level that is 50%
that of the difference between a baseline and the maximal activity in the
assay. This concentration is defined as the Effective Concentration (50%)
or EC50 value. Determination of an EC50 value is made using conventional
biochemical (acellular) assay techniques or cell-based assay techniques.
[0073] Comparisons of the efficacy of activators often are provided with
reference to comparative EC50 values, wherein a higher EC50 indicates that
the test compound is less potent, and a lower EC50 indicates that the
compound is more potent, than a referencecompound. Compounds of the present
invention exhibit unexpectedly good potency, i.e., p53 activation, in a
luciferase reporter cell line assay. Compounds of the invention subjected
to a cell-based assay described below exhibited EC50 values for p53
activation of less than about 1.35 mM. In certain embodiments, compounds of
the invention exhibited an EC50 value of less than about 1.0 mM. In other
embodiments, the inventive compounds exhibited IC50 values of less than
about 0.75 mM, about 0.50 mM, about 0.30 mM, less than about 0.20 mM, or
less than 0.05 mM. [0074] An especially important use of the present
carbazole compounds is the treatment of a cancer, an inflammation, an
autoimmune disease, a microbial, protozoan, or viral infection, a graft vs.
host disease, a condition associated with HIV infection, or pre-cancerous
cells which have acquired dependence on constitutively active NF-kB.
Various cancers that can be treated in accordance with the present
invention include, but are not limited to, renal cell carcinoma, sarcoma,
prostate cancer, breast cancer, pancreatic cancer, myeloma, myeloid and
lymphoblastic leukemia, neuroblastoma, glioblastoma, and a cancer caused by
HTLV infection. [0075] It is envisioned, therefore, that compounds of
formula (I) and (II) are useful in the treatment of a variety of conditions
and diseases. Thus, the present invention concerns the use of compounds of
formula (I) and (II), or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition containing either entity, for the manufacture of
a medicament for the treatment of such conditions and diseases. [0076] The
compounds of the present invention can be therapeutically administered as
the neat chemical, but it is preferred to administer compounds of
structural formula (I) or (II) as a pharmaceutical composition or
formulation. Thus, the present invention provides a pharmaceutical
composition comprising a compound of the formula (I) or (II) together with
a pharmaceutically acceptable diluent or carrier therefor. Also provided is
a process of preparing a pharmaceutical composition comprising admixing a
compound of formula (I) or (II) with a pharmaceutically acceptable diluent
or carrier therefor. [0077] Accordingly, the present invention further
provides pharmaceutical formulations comprising a compound of structural
formula (I) or (II), or a pharmaceutically acceptable salt, prodrug, or
hydrate thereof, together with one or more pharmaceutically acceptable 



carriers and, optionally, other therapeutic and/or prophylactic
ingredients. The carriers are"acceptable" in the sense of being compatible
with the other ingredients of the formulation and not deleterious to the
recipient thereof. [0078] Formulations of the present invention can be
administered in a standard manner for the treatment of the indicated
diseases, such as orally, parenterally, transmucosally (e.g., sublingually
or via buccal administration), topically, transdermally, rectally, or via
inhalation (e.g., nasal or deep lung inhalation). Parenteral administration
includes, but is not limited to intravenous, intraarterial,
intraperitoneal, subcutaneous, intramuscular, intrathecal, and
intraarticular. Parenteral administration also can be accomplished using a
high pressure technique, like POWDERJECT(tm) (Powderject Pharmaceuticals,
PIc, Oxford, England). The composition also can be administered in the form
of an implant, which allows a slow release of the composition as well as a
slow controlled i.v. infusion. [0079] For oral administration, including
buccal administration, the composition can be in the form of tablets or
lozenges formulated in conventional manner. For example, tablets and
capsules for oral administration can contain conventional excipients such
as binding agents (for example, syrup, acacia, gelatin, sorbitol,
tragacanth, mucilage of starch, or polyvinylpyrrolidone), fillers (for
example, lactose, sugar, microcrystalline cellulose, maizestarch, calcium
phosphate, or sorbitol), lubricants (for example, magnesium stearate,
stearic acid, talc, polyethylene glycol or silica), disintegrants (for
example, potato starch or sodium starch glycolate), or wetting agents (for
example, sodium lauryl sulfate). The tablets can be coated according to
methods well known in the art. [0080] Alternatively, compounds of the
present invention can be incorporated into oral liquid preparations such as
aqueous or oily suspensions, solutions, emulsions, syrups, or elixirs, for
example. Moreover, formulations containing these compounds can be presented
as a dry product for constitution with water or other suitable vehicle
before use. Such liquid preparations can contain conventional additives,
for example suspending agents, such as sorbitol syrup, methyl cellulose,
glucose/sugar syrup, gelatin, hydroxyethylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose, aluminum stearate
gel, and hydrogenated edible fats; emulsifying agents, such as lecithin,
sorbitan monooleate, or acacia; nonaqueous vehicles (which can include
edible oils), such as almond oil, fractionated coconut oil, oily esters,
propylene glycol, and ethyl alcohol; and preservatives, such as methyl or
propyl p-hydroxybenzoate and sorbic acid.[0081] Such preparations also can
be formulated as suppositories, e.g., containing conventional suppository
bases, such as cocoa butter or other glycerides. Compositions for
inhalation typically can be provided in the form of a solution, suspension,
or emulsion that can be administered as a dry powder or in the form of an
aerosol using a conventional propellant, such as dichlorodifluoromethane or
trichlorofluoromethane. Typical topical and transdermal formulations
comprise conventional aqueous or nonaqueous vehicles, such as eye drops,
creams, ointments, lotions, and pastes, or are in the form of a medicated
plaster, patch, or membrane. [0082J Additionally, compositions of the
present invention can be formulated for parenteral administration by
injection or continuous infusion. Formulations for injection can be in the
form of suspensions, solutions, or emulsions in oily or aqueous vehicles,
and can contain formulation agents, such as suspending, stabilizing, and/or
dispersing agents. Alternatively, the active ingredient can be in powder
form for constitution with a suitable vehicle (e.g., sterile, pyrogen-free
water) before use. [0083] A composition of the present invention also can
be formulated as a depot preparation. Such long acting formulations can be
administered by implantation (for example, subcutaneously or
intramuscularly) or by intramuscular injection. Accordingly, the compounds
of the invention can be formulated with suitable polymeric or hydrophobic
materials (e.g., an emulsion in an acceptable oil), ion exchange resins, or
as sparingly soluble derivatives (e.g., a sparingly soluble salt). [0084]
The composition also can be formulated as a liposome preparation. The
liposome preparation can comprise liposomes which penetrate the cells of
interest or the stratum corneum, and fuse with the cell membrane, resulting
in delivery of the contents of the liposome into the cell. Liposomes are
described, for example, in U.S. Patent No. 5,077,21 1, U.S. Patent No.
4,621,023, and U.S. Patent No. 4,508,703, each incorporated herein by
reference. [0085] For veterinary use, a compound of formula (I) or (II), or
a pharmaceutically acceptable salt or prodrug, is administered as a
suitably acceptable formulation in accordance with normal veterinary
practice. The veterinarian can readily determine the dosing regimen and
route of administration that is most appropriate for a particular animal.
Animals treatable by the present compounds and methods include, but are not
limited to, pets, livestock, showanimals, and zoo specimens. SYNTHETIC
METHODS [0086] Compounds of formula (1) and (II) can be prepared by any
suitable method known in the art, or by the following processes which form
part of the present invention. In particular, compounds of structural
formula (I) and (II) can be prepared according to the following synthetic
schemes. [0087] In the synthetic methods, the examples, and throughout the
specification, the abbreviations have the following meanings:[0088] It
should be understood that protecting groups can be utilized in accordance
with 



general principles of synthetic organic chemistry to provide compounds of
structural formula (I) and (II). Protecting group-forming reagents are well
known to persons skilled in the art, for example, see T.W. Greene et al.,
"Protective Groups in Organic Synthesis, Third Edition," John Wiley and
Sons, Inc., NY, N.Y. (1999). These protecting groups are removed when
necessary by appropriate basic, acidic, or hydrogenolytic conditions known
to persons skilled in the art. Accordingly, compounds of structural formula
(I) and (II) not specifically exemplified herein can be prepared by persons
skilled in the art. [0089] In addition, compounds of formula (I) and (II)
can be converted to other compoundsof formula (I) and (II). Thus, for
example, a particular R substituent can be interconverted to prepare
another suitably substituted compound of formula (I) or (II). Examples of
appropriate interconversions include, but are not limited to, ORa to
hydroxy by suitable means (e.g., using an agent such as SnCl or a palladium
catalyst, like palladium-on-carbon), or amino to substituted amino, such as
acylamino or sulphoylamino, using standard acylating or sulfonylating
conditions. [00901 Compounds of formula (I) and (II) can be prepared as
individual stereoisomers as a racemic mixture. Individual stereoisomers of
the compounds of the invention can be prepared from racemates by resolution
using methods known in the art for the separation of racemic mixtures into
their constituent stereoisomers, for example, using HPLC on a chiral
column, such as Hypersil naphthyl urea, or using separation of salts of
stereoisomers. Compounds of the invention can be isolated in association
with solvent molecules by crystallization from, or evaporation of, an
appropriate solvent. GENERAL SYNTHETIC PROCEDURES Scheme 1 HCI, General
procedure for alkylation of carbazoles [0091] Carbazole 1 was dissolved or
suspended in DMF. Then, NaH (3 eq) was added. The mixture was stirred at
room temperature over a period of 5-10 min until foaming ceased. A chloride
hydrochloride (1.3 eq) was added, and the reaction mixture was kept at
50-60 0C over a period of 2-16 h (TLC monitoring; eluents: CH Cl ZeThVl
acetate, 1:1 for the presence of the starting carbazole; CHCl /MeOH, 9:1
for the product purity). The resulting mixture was diluted with water. If a
precipitate formed, it was filtered off and air-dried. If no precipitate
formed (Table 1), the mixture was extracted with ethyl acetate. The extract
was dried over Na SO evaporated, and the residue was purified by
chromatography (silica gel, CHCl ZMeOH). The yields of products 2a and 2b
are shown in Table 1.General procedure for aeylation of alkylated
earbazoles [0092] A carbazole 2 was dissolved in nitrobenzene. The solution
was cooled in an ice bath, then AlCl (5 eq) and AcCl (5 eq) were added. The
reaction mixture was held over a period of 2-16 h (LC-MS monitoring). A
sample of the reaction mixture was diluted with Et O, and the latter was
decanted from the precipitate, then dissolved in MeOH. The resulting
mixture was diluted with water, neutralized with Na CO , and extracted with
CHCl . The extract was evaporated. The residue was purified first by
chromatography in a short silica gel column (CHCl /MeOH) to remove the
nitrobenzene; then, if necessary, in a silica gel column or by HPLC. The
yields of products 3a and 3b are shown in Table 1. Scheme 2
3,6-Diacetylcarbazole (4) [0093] Carbazole 1 (16.9 g, 0.1 mol) was
dissolved in nitrobenzene (300 mL). Anhydrous AlCl (54.0 g, 0.4 mol) was
added under stirring and cooling with an ice bath. Then, AcCl (55.5 g, 0.7
mol) was added slowly dropwise. The reaction mixture was allowed to warm to
room temperature under stirring and kept over a period of 13 h. Water (500
mL) was added in small portions under cooling with an ice bath. The cooling
bath was removed, and the mixture was refluxed over a period of 2 h and
extracted with CHCl 3 (3 x 150 mL). The combined extracts were sequentially
washed with saturated solutions OfNaHCO 3 and NaCl, dried with anhydrous Na
SO , and evaporated. The residue was purified by column chromatography
(silica gel, CHCl 3/MeOH) to give 12.5 g (50%) of 3,6-diacetylcarbazole
(4). [0094] For the alkylation of compound 4, the general procedure for the
alkylation of earbazoles was used. The yields of the products 3c-f are
shown in Table 1.Scheme 3 Preparation of bromoalkyldiacetylcarbazoles 5a-c
[0095] Diacetylcarbazole 4 was dissolved in DMF, then NaH (3 eq) was added.
The mixture was stirred over a period of 10 min at room temperature. A
dibromoalkane (7 eq) was added. The reaction mixture was kept over a period
of 1 h (5a at room temperature; 5b at 400C; 5c over a period of 20 min at
70 0C; TLC monitoring, CH2Cl2/ethyl acetate, ethyl acetate 4:1). The
mixture then was diluted with water and extracted with ethyl acetate. The
combined extracts were washed with water and brine, dried with Na SO4, and
evaporated. The residue was purified by column chromatography (silica gel,
CHCl ) to give 5a (21%), 5b (29%), and 5c (74%). Alkylation of amines with
bromoalkyldiacetylcarbazoles 5a-c. [0096] A bromide 5 was dissolved in DMF,
the an amine was added (excess, see Table 3). The mixture was kept at 60 0C
overnight. (TLC monitoring, CH2Cl /ethyl acetate, 1:1 for the presence of
the starting carbazole; CHCl ZMeOH, 9:1 for the product purity). The
reaction mixture was diluted with water and extracted ethyl acetate. The
combined extracts were 



dried with Na2SO . The residue was purified by column chromatography
(silica gel, CHCl3/MeOH). The product was dissolved in a mixture OfCH2Cl2
and MeOH. 4M HCl in dioxane was added, and the mixture was evaporated. The
residue was triturated with Et2O and, if necessary, with ethyl acetate or
acetone. The yields of the products 6a-h are shown in Table 3.Scheme 4
[0097] For the acylation of 2, a procedure similar to that described in
Scheme 1 was used. The yields of products 7a-d are shown in Table 4. Scheme
5 3,6-Bis(chloropropionyI)-9-N,N-diethylaminoethylcarbazoIe (8) [0098] A
solution of 1-A iV-diethylaminoethylcarbazole (0.23 g, 0.86 mmol) in 2 rnL
of nitrobenzene was cooled in an ice bath. AlCl3 (0.57 g, 4.3 mmol) and
3-chloropropionyl chloride (0.4 rnL, 4.2 mmol) were added. The reaction
mixture was stirred overnight (LCMS monitoring) and diluted with aqueous
HCl. The product was extracted with CHCl3, and the filtrate was evaporated.
The residue was quickly purified by chromatography in a short silica gel
column (CHCl3/MeOH) to give 0.38 g (91%) of the compound 8 as its
hydrochloride.
l,2,10,ll-Tetrahydro-6-N,N-dimethylamioethyI-6H-dicyclopenta[c,g]carbazole-
3,9- dione (9) [0099] Compound 2 (0.38 g, 0.79 mmol) was dissolved in 98%
H2SO4 (3 mL). The reaction mixture was heated to 950C, kept at this
temperature over a period of 2.5 h (TLC monitoring, CHCl ZMeOH, 4:1), and
poured into ice. The resulting mixture was neutralized with dry Na2CO3 and
extracted with CHCl3. The extract was evaporated, and the residue
waspurified by column chromatography (CHCls/MeOH). The obtained crude
product (0.08 g) was dissolved in MeOH. 4M HCl in dioxane was added, and
the mixture was evaporated. The residue was suspended in MeOH, and the
suspension was refluxed. (The solid did not dissolve in the process.) The
suspension was cooled, and the solid was filtered off to give 0.007 g (2%)
of compound 9 as its hydrochloride. Scheme 6
2-Methyl-2'-nitro-l,l'-biphenyl (10a) [00100] 2-Methylphenylboronic acid
(0.64 g, 4.7 mmol) and 2-nitroidobenzene (1.0 g, 4.0 mmol) were dissolved
in a mixture of MeOH (20 mL) and water (4 mL). K CO (1.1 g, 8.0 mmol) and
Pd(OAc) (0.018 g, 0.08 mmol) were added. The reaction mixture was flushed
with argon, heated to 500C, kept overnight at this temperature, and
filtered through Celite. The latter was washed with MeOH. The filtrate was
evaporated, and the residue was used further without purification.
4,4'-Dimethoxy-2-nitro-l,l'-biphenyl (10h) [0100] 4-Methoxyphenylboronic
acid (3.00 g, 19.7 mmol) and 4-chloro-3-nitroanisole (3.69 g, 11.6 mmol)
were dissolved in a mixture of dioxane (40 mL) and water (10 mL). K CO3
(5.44 g, 23.2 mmol) and Pd(PPh3)4 (1.14 g, 0.6 mmol) were added. The
reaction mixture was heated in argon to 800C, kept at this temperature
overnight (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered
through Celite. The latter was washed with CH Cl2, and the filtrate was
evaporated. The residue was dissolved in CH Cl , and the solution was
evaporated to give 6.0 g of crude biphenyl 1Oh that was cyclized without
purification. [0101] An analogous procedure was used to obtain biphenyls
lOb-g.General procedure for the synthesis of carbazoles [0102] A crude
biphenyl 10 was dissolved in (EtO) P. The reaction mixture was kept at
125-140 0C in a flow of argon over a period of about 48 h (TLC monitoring:
hexane/ethyl acetate, 1:1) and diluted with water. The precipitate was
filtered off and washed with Et O. If no precipitate formed, the product
was extracted with ethyl acetate, the extract was evaporated, and the
residue was purified in a short silica gel column (hexane/ethyl acetate).
The yields of the products 1la-g are shown in Table 5.
2,7-Dimethoxy-9H-carbazole (llh) [0103] The reaction was carried out in a
vial. The crude biphenyl 1Oh (6.0 g) was dissolved in P(OEt) 3 (36 mL). The
vial was flushed with argon. The reaction mixture was heated to 900C, kept
at this temperature overnight, and cooled. As a result the carbazole
precipitated. Et OZCH Cl mixture was added. The precipitate was filtered
off and washed with CH Cl . The filtrate was evaporated. P(OEt) 3 was added
again, and the mixture was left for cyclization for 24 h. These operations
were repeated until the precipitate formation ceased, and TLC indicated
that the starting biphenyl disappeared. In total 2.9 g of the carbazole was
obtained (65% calculated for two steps.) [0104] For the alkylation of
compound 11, the general procedure for the alkylation of carbazoles was
used. The yields of the compounds 12a-i are shown in Table 1. (0105] For
the acylation of 12, a procedure similar to that described for Scheme 1 was
used. However, for the monoacetylation the amount of AcCl and AlCl3 was
decreased to 1.5 eq. The yields of compounds 13a-j are shown in Table 2.
Scheme 74,4,5,5-Tetramethyl-2-(4-indanone-l-yl)-[l,3,2]-dioxoborolane (14a
X=CH 2) [0106] 4-Trifiioromethylsulfonyloxy-l-indanone (9.7 g, 34.6 mmol)
and bis(pinacolato)diboron ( 1 1.4 g, 45.0 mmol) were dissolved in dioxane
(100 mL). AcOK (6.8 g, 69.2 mmol) and Pd(dppf) 2Cl2 (1.3 g, 1.8 mmol) were
added. The reaction mixture was heated in a flow of argon to 80 0C, kept at
this temperature overnight, cooled, and filtered 



through Celite. The filtrate was evaporated. The residue was dissolved in
CH Cl and purified in a short silica gel column (hexane/ethyl acetate) to
give 9.5 g of a product containing 20% (mass) of bis(pinacolato)diboron.
The product was used for the next step without additional purification.
[0107] The boronic ester from the bromide was prepared in the same way. If
1 eq of bis(pinacolato)diboron was used, a more pure product was obtained.
4,4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-l-one)-yl]-[l,3,2]-dioxoborola
ne (14b X = NMe) [0108] 4-Bromo-2-methylisoindolin-l-one (3.23 g, 14.3
mmol) and bis(pinaeolato)diboron (4.72 g, 18.6 mmol) were dissolved in
dioxane (60 mL). AcOK (2.80 g, 28.6 mmol) and Pd(dppf) 2Cl2 (0.5 g, 0.7
mmol) were added. The reaction mixture was heated in a flow of argon to
800C, kept at this temperature overnight, cooled, and filtered through
Celite. The filtrate was evaporated. The residue was dissolved in CH2Cl2
and purified in a short silica gel column (hexane/ethyl acetate) to give
4.2 g of a product containing 20% (mass) of bis(pinacolato)diboron. The
product was used for the next step without additional purification.
Biphenyl 15a (X=CH 2, R=H) [0109]
4,4,5,5-Tetramethyl-2-(4-indanone-l-yl)-[l,3,2]-dioxoborolane (2.17 g, 8.4
mmol) and o-nitroiodobenzene (2.70 g, 10.9 mmol) were dissolved in a
mixture of dioxane (30 mL) and water (5 mL). K2CO3 (2.30 g, 16.7 mmol) and
Pd(PPh 3)4 (0.48 g, 0.4 mmol) were added. The reaction mixture was heated
in a flow of argon to 800C, kept at this temperature over a period of 24 h
(TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered through
Celite. The filtrate was evaporated. The residue was dissolved in CH2Cl2.
An undissolved precipitate was filtered off. The filtrate was partially
evaporated, and the product was purified in a short silica gel column
(hexane/ethyl acetate) to give 2.5 g of a product containing PPh3O. The
product was cyclized without additional purification.Biphenyl 15b (X=CH 2,
R=OMe) [0110] 4,4,5,5-Tetramethyl-2-(4-indanone-l-yl)-[l,3,2]-dioxoborolane
(1.20 g, 4.6 mmol) and -nitroiodobenzene (0.87 g, 4.6 mmol) were dissolved
in a mixture of dioxane (10 mL) and water (2 mL). K2CO3 ( 1.28 g, 9.2 mmol)
and Pd(PPh 3)4 (0.27 g, 0.2 mmol) were added. The reaction mixture was
heated in a flow of argon to 800C, kept at this temperature over a period
of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered
through Celite. The filtrate was evaporated. The residue was dissolved in
CH Cl . An undissolved precipitate was filtered off. The filtrate was
partially evaporated, and the product was purified in a short silica gel
column (hexane/ethyl acetate) to give 1.25 g of a product containing PPh3O.
The product was cyclized without additional purification. Biphenyl 15c (X=
NMe, R=H) [0111]
4,4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-l-one)-yl]-[l,3,2]-dioxoborola
ne (2.43 g, 8.9 mmol) and o-nitroiodobenzene (2.44 g, 9.80 mmol) were
dissolved in a mixture of dioxane (30 mL) and water (6 mL). K2CO3 (2.50 g,
18.1 mmol) and Pd(PPh 3)4 (0.51 g, 0.4 mmol) were added. The reaction
mixture was heated in a flow of argon to 800C, kept at this temperature
over a period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled,
and filtered through Celite. The filtrate was evaporated. The residue was
dissolved in CH2Cl2. An undissolved precipitate was filtered off. The
filtrate was partially evaporated, and the product was purified in a short
silica gel column (hexane/ethyl acetate) to give 2.3 g of a product
containing PPh3O. The product was cyclized without additional purification.
Biphenyl 15d (X= NMe, R=OMe) 10112]
4,4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-l-one)-yl]-[l,3,2]-dioxoborola
ne (0.97 g, 3.6 mmol) and 4-chloro-3-nitroanisole (0.67 g, 3.6 mmol) were
dissolved in a mixture of dioxane (10 mL) and water (2 mL). K2CO3 (0.98 g,
7.2 mmol) and Pd(PPh 3)4 (0.21 g, 0.2 mmol) were added. The reaction
mixture was heated in a flow of argon to 800C, kept at this temperature
over a period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled,
and filtered through Celite. The filtrate was evaporated. The residue was
dissolved in CH Cl . An undissolved precipitate was filtered off. The
filtrate was partially evaporated, and the product was purified in a short
silica gel column (hexane/ethyl acetate) to give 0.76 g of a product
containing PPh3O. The product was cyclized without additional
purification.Carbazole 16a (X=CH 2, R=H) [0113] The reaction was carried
out in a vial. 4-(2-Nirophenyl)indanone-l (2.54 g, 10.0 mmol) was dissolved
in P(OEt) (8 mL). The vial was flushed with argon. The reaction mixture was
heated to 900C, kept at this temperature overnight, and cooled. As a result
the carbazole precipitated. CH Cl was added. The precipitate was filtered
off and washed with CH Cl . The filtrate was evaporated. P(OEt)3 (2 mL) was
added again, and the mixture was left for eyclization for 24 h. These
operations were repeated until the precipitate formation ceased, and TLC
indicated that the starting biphenyl disappeared. In total 0.58 g of the
carbazole was obtained. Carbazole 16b (X=CH 2, R=OMe) [01141 The reaction
was carried out in a vial. 4-(4-Methoxy-2-nitrophenyl)-indanone-l (1.25 g,
4.4 mmol) was dissolved in P(OEt)3 (8 mL). The vial was flushed with argon.
The reaction mixture was heated to 900C, kept at this temperature
overnight, and cooled. As a result the carbazole precipitated. CH Cl was
added. The precipitate was filtered off and 



washed with CH Cl2. The filtrate was evaporated. P(OEt) ( 1 mL) was added
again, and the mixture was left for eyclization for 24 h. These operations
were repeated until the precipitate formation ceased, and TLC indicated
that the starting biphenyl disappeared. In total 0.39 g of the carbazole
was obtained. Carbazole 16c (X=NMe, R=H) [0115] The reaction was carried
out in a vial. 4-(2-Nitrophenyl)-2-niethylisoinolin-l-one (2.29 g, 8.5
mmol) was dissolved in P(OEt) (10 mL). The vial was flushed with argon. The
reaction mixture was heated to 900C, kept at this temperature overnight,
and cooled. As a result the carbazole precipitated. CH Cl2 was added. The
precipitate was filtered off and washed with CH2Cl2. The filtrate was
evaporated. P(OEt) (0.5 mL) was added again, and the mixture was left for
eyclization for 24 h. These operations were repeated until precipitate
formation ceased, and TLC indicated that the starting biphenyl disappeared.
In total 0.4 g of the carbazole was obtained. Carbazole 16d (X=NMe, R=OMe)
[0116] The reaction was carried out in a vial.
4-(4-Methoxy-2-nitrophenyl)-2- methylisoinolin-1-one (0.76 g, 2.6 mmol) was
dissolved in P(OEt)3 (6 mL). The vial was flushed with argon. The reaction
mixture was heated to 900C, kept at this temperatureovernight, and cooled.
As a result the carbazole precipitated. CH2CI2 was added. The precipitate
was filtered off and washed with CH C . The filtrate was evaporated. P(OEt)
(0.5 mL) was added again, and the mixture was left for cyclization for 24
h. These operations were repeated until precipitate formation ceased, and
TLC indicated that the starting biphenyl disappeared. In total, 0.34 g of
the carbazole was obtained. [0117] For the alkylation of 16, the general
procedure for the alkylation of carbazoles was used. The yields of the
products 17a-f are shown in Table 1. [0118] For the acylation of 17, a
procedure similar to that described for Scheme 1 was used. The yields of
the products 18a-d are shown in Table 2. Scheme 8 General procedure for
dimethylation. [0119] A methoxy compound was dissolved in CH Cl . The
solution was cooled to -40 0C. A 0.5M solution OfBBr3 in DCM (4 eq, for one
methoxy group) was added in a flow of argon. After 10 min the cooling bath
was removed. The reaction mixture was heated to room temperature, kept over
a period of 1 h (TLC monitoring, CHCl /MeOH, 4:1), and poured into a
mixture of aqueous NaHCO3 and CH2Cl . The organic layer was separated, and
the aqueous one was extracted once more with CH Cl2. The combined extracts
were dried with Na SO4 and evaporated. The product was purified by column
chromatography (CHCl3/MeOH). The yields of the products 19a-h are shown in
Table 6.Scheme 9 2-Hydroxy-9-N,N-diethylaminoethykarbazole (20) [0120J
2-Methoxy-9-N,N-diethylaminoethylcarbazole 12g was dissolved in CH2Cl (10
mL). The solution was cooled to 4 00C. A 0.5M solution OfBBr3 DCM (6 mL,
3.00 mmol) was added in a flow of argon. As a result an orange suspension
formed. The reaction mixture was heated to room temperature, kept over a
period of 1.5 h, and poured into a mixture of aqueous NaHCO and CH Cl . The
organic layer was separated, and the aqueous layer was extracted once more
with CH Cl2. The combined extracts were dried with Na2SO and evaporated.
The product was purified by column chromatography (CHCl3/MeOH) to give
0.176 g (92%) of the product. 2-Acetoxy-9-N,N-diethylaminoethykarbazole
(21) [0121] A solution of compound 20 (0.176 g, 0.62 mmol) in Ac2O (2 mL)
was refluxed over a period of 30 min and poured into water. The resulting
mixture was neutralized with NaHCO3 and extracted ethyl acetate. The
extract was evaporated to give 0.16 g (79%) of the product.
3-Acetyl-2-hydroxy-9-N,N-diethylaminethylcarbaEole (22) [0122] Compound 21
(0. 16 g, 0.49 mmol) was dissolved in PhNO2 (2 mL), and AlCl3 (0. 1 g, 0.75
mmol) was added. The reaction mixture was heated in an oil bath to 1000C,
kept at this temperature over a period of 2 h, diluted with water,
neutralized with Na2CO3, and extracted with HCl3. The extract was
evaporated. The residue was purified by chromatography in a short silica
gel column (CHCl3/MeOH) to give 0.044 g (28%) of compound 22.Table I.
Alkylation of carbazolesAQUEOUS ACIDIC FORMULATIONS FOR COPPER OXIDE ETCH
RESIDUE REMOVAL AND PREVENTION OF COPPER ELECTRODEPOSITION FIELD OF THE
INVENTION [0001] This invention relates to a microelectronic cleaning
composition suitable for removing copper oxide etch residue and for
prevention of copper electrodeposition and a process of cleaning
microelectronic substrates using such compositions. The composition and
process are particularly useful for cleaning post photoresist ash, post
etch Cu-dual damascene microelectronic structures. BACKGROUND TO THE
INVENTION [0002] Previously microelectronic structures employed aluminum
alloys with silicon dioxide dielectrics for interconnect systems in
integrated circuits. Numerous cleaning compositions were developed and
available for satisfactorily cleaning post etch residue from such
microelectronic substrates in the back end of the line (BEOL) processing.
However, with the 



need for smaller and smaller geometries to meet the need for increased
speed and integration density these aluminum/silicon dioxide interconnect
systems have been shown to be inadequate. Consequently, copper-dual
damascene structures with low-k dielectrics have been developed and are
replacing the aluminum/silicon dioxide interconnects. [0003] However, these
Cu-dual damascene interconnect structures have presented a whole new set of
parameters and problems for BEOL cleaning steps. For example, when
employing a very diluted aqueous HF based acidic solution to produce a
post-etch Cu-dual damascene structure on a silicon substrate, any CuOx and
Cu(OH)2 films or residues on the surface are dissolved in the acidic
fluoride environment and thus produce large amounts of copper (Cu2+) ions
in the solution according the following equation. Cu(OH)2 + 2HF Cu2+ + 2 F
+ 2H2O As a result of copper vias in the structure, electrically connected
through a P-N junction fabricated in the silicon substrate, there can occur
significant undesirable redeposition (also called copper extrusion) where
the copper vias are connected to the electron rich N doped regions by an
electrochemical reaction as represented by the following reduction reaction
equation.Cu2+ + 2 Cu Such cathodic redeposition of copper is highly
undesirable and results in large copper features that extend out from the
specific vias which would result in defects during subsequent processing
steps. It is also expected that Cu redeposition will occur in other cases
where highly charged cathode surfaces are exposed to cleaning solutions
where Cu2+ is present as a result of the cleaning process [0004] It is
therefore highly desirable to be able to provide an acidic compositions for
use in copper oxide etch removal and wherein that composition prevents or
substantially eliminates copper redeposition on a Cu-dual damascene
microelectronic structure. [0005] With the advent of the use of copper
interconnects passivation of such interconnect has also changed. Instead of
passivating the copper with dielectrics such as with SiN or SiCN
dielectrics and addressing the resulting problems of such passivation, the
industry has begun to avoid those problems with the use of self-aligned
metal caps that produce improved electromagnetic and stress lifetimes by
the use of, for example CoWP metal capping layers for the copper
interconnects. However, it is important that the durability of the capping
layer be maintained during etch and stripping processes. Therefore, in a
further embodiment of the present invention it is desirable that the acidic
composition for use in the copper oxide etch removal that prevents or
substantially eliminates copper redeposition on a Cu-dual damascene
microelectronic structure also be able to maintain the durability of the
metal capping layer during etch and stripping processes. SUMMARY OF THE
INVENTION [0006] In accordance with this invention there is provided a
highly aqueous acidic cleaning composition for copper oxide etch removal
from Cu-dual damascene microelectronic structures and wherein that
composition prevents or substantially eliminates copper redeposition on the
Cudual damascene microelectronic structure. The invention also provides a
process for cleaning copper etch residue from a post photoresist ash, post
etch Cu-dual damascene microelectronic structure wherein the process
comprises (1) providing a microelectronic silicon substrate wafer having at
least one post photoresist ash, post etch Cu-dual damascene structure
having a via structure electrically connected with a N+ diffusion region of
the silicon substrate and (2) exposing the post photoresist ash, post etch
Cu-dual damascene microelectronic structure to the cleaning composition of
this invention for a cleaning effective time and temperature to clean
thepost photoresist ash, post etch Cu-dual damascene microelectronic
structure. In a further aspect of this invention there is provided a highly
aqueous acidic cleaning composition for copper oxide etch removal from
Cu-dual damascene microelectronic structures having metal capping layers
wherein that composition not only prevents or substantially eliminates
copper redeposition on the Cu-dual damascene microelectronic structure
during the cleaning step but also prevents or substantially eliminates
etching of the metal capping layer (such as a CoWP metal capping layer)
during the cleaning process when such metal capping layers are present in
the microelectronic structure. [0007] The cleaning composition of this
invention comprises a formulation having a pH of from about 4.3 to about
5.5 and comprising, consisting essentially of, or consisting of the
following components: water, at least one alkanolamine or aminophenol, at
least one metal chelating agent, at least one tetraalkylammonium fluoride,
HF, and optionally, but preferably, at least a non-ionic surfactant that
contains ethylene oxide chains or ethylene oxide/ethylene glycol chains.
When such a cleaning composition is to be employed to clean such
microelectronic structures where there is present on the structure a metal
capping layer such as a CoWP it is desired that the formulation
additionally contain a reducing agent to inhibit etching of the capping
layer and thereby preserve its durability. The formulation may initially be
formulated as a concentrate to be later diluted with additional water for
use or may be formulated as a ready to use composition. In one, and
generally preferred, embodiment of this invention the formulation
comprises, consists essentially of, or consists of water, monoethanolamine,
1,2-cyclohexanediamine tetraacetic acid (CyDTA) chelator,
tetramethylammonium fluoride, HF and a polyoxyethylene substituted alkynol
surfactant (Surfynol(tm) 465). An optional form of a preferred embodiment
of the formulation of this invention comprises, consists essentially of, or
consists of water, 



monoethanolamine, 1,2-cyclohexanediamine tetraacetic acid (CyDTA) chelator,
tetramethylammonium fluoride, HF, a polyoxyethylene substituted alkynol
surfactant (Surfynol(tm) 465), and a reducing agent, preferably ascorbic
acid to protect the metal capping layer. [0008] The cleaning composition
will be exposed to or brought into contact with the post etch Cu-dual
damascene microelectronic structure for any suitable time and at any
suitable temperature for effectively cleaning the structure of post etch
residue without any significant copper electrodeposition occurring on the
structure.DETAILS AND PREFERRED EMBODIMENTS OF THE INVENTION [0009] The
highly aqueous acidic cleaning composition of this invention is for copper
oxide etch residue removal from Cu-dual damascene microelectronic
structures without significant copper redeposition on the Cu-dual damascene
microelectronic structure. The process for cleaning copper etch residue
from a post photoresist ash, post etch Cu-dual damascene microelectronic
structure in accordance with this invention is a process wherein the
process comprises (1) providing a microelectronic silicon substrate wafer
having at least one post photoresist ash, post etch Cu-dual damascene
structure having a via structure electrically connected to with a N+
diffusion region of the silicon substrate and optionally having metal
capping, and (2) exposing or contacting the post photoresist ash, post etch
Cu-dual damascene microelectronic structure to the cleaning composition of
this invention for a cleaning effective time and temperature to clean the
post photoresist ash, post etch Cu-dual damascene microelectronic structure
[0010] The cleaning composition of this invention comprises a formulation
having a pH of from about pH 4.3 to about pH 5.5 and is a formulation
comprising, consisting essentially of, or consisting of the following
components: water, at least one alkanolamine or aminophenol, at least one
metal chelating agent, at least one tetraalkylammonium fluoride, HF, and
optionally, but preferably, at least a non-ionic surfactant that contains
ethylene oxide chains or ethylene oxide/ethylene glycol chains. In a
further embodiment of this invention the cleaning composition comprises a
formulation having a pH of from about pH 4.3 to about pH 5.5 and is a
formulation comprising, consisting essentially of, or consisting of the
following components: water, at least one alkanolamine or aminophenol, at
least one metal chelating agent, at least one tetraalkylammonium fluoride,
HF, a reducing agent, and optionally, but preferably, at least a nonionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethylene
glycol chains. [001 1] The cleaning composition of this invention will have
the following amounts of the required components in the formulation: from
about 68.4% to about 98.95% by weight water, from about 0.3% to about 8% by
weight alkanolamine or aminophenol, from about 0.1 to about 2% by weight
metal chelator, from about 0.05% Lo about 1.6% by weight tetraalkylammonium
fluoride, from about 0.10 % to about 5% by weight HF, and, when present in
the composition, from greater than 0% to about 15%, preferably about 0.5%
to about 15 % by weight surfactant based on the total weight of the
formulation. Additionally the cleaning composition may have from about 0.5%
to 20% of at least one reducing agent, based on the total weight of the
othercomponents in the formulation. When a reducing agent is to be part of
the formulation the reducing agent is present in the composition in its
ready to use (not concentrated) form. All percentages mentioned in this
application are weight percent based on the total weight of the formulation
of the cleaning composition unless indicated otherwise. [0012] The at least
one alkanolamine or aminophenol component may be any suitable alkanolamine
or aminophenol. The alkanolamine is generally selected from alkanolamines
of from 2 to about IO carbon atoms, preferably having 2 to 6 carbon atoms,
more preferably having from 2 to 4 carbon atoms, and most preferably having
2 carbon atoms. More than one alkanolamine or more than one aminophenols
may be employed as well as a combination of one or more alkanolamine
combined with one or more aminophenols. The preferred alkanolamine is
monoethanolatnine. The aminophenol is preferably 4-aminophenol. When a
combination of an alkanolamine and an aminophenol is employed the
combination is preferably monoethanolamine with 4-aminophenol. The amount
of the alkanolamine or aminophenol component will generally be from about 0
3% to about 8% by weight of the composition, preferably from about 0.3% to
about 4 % by weight, and more preferably from about 0.35% to about 4% by
weight. In the concentrated formulation the alkanolamine/aminophenol
component will generally comprise about 3% to about 8%, preferably about 3%
to about 4%, and more preferably about 3.5 to about 4%, and even more
preferably about 3.85% by weight, and in the diluted ready to use
formulation the at least one alkanolamine/aminophenol component will
comprise from about 0.3% to about 0.8%, preferably about 0.3% to about
0.4%, and more preferably about 0.35% to 0.4%, and even more preferably
about 0.35% by weight. [0013] While any suitable metal chelator compound
may be employed as the metal chelator component of the composition of this
invention, the at least one metal chelator component is generally selected
from 1,2-cyclohexanediamine tetraacetic acid (CyDTA), N-
3[(trimethoxysilyl)-propyl]diethylenetriamine, 1,4,8,1
1-tetraazacyclotetradecane; phthalocyanine,
4,7-dihydroxy-l,10-phenanthroline, neocuproine, cuprizone, 1,6-dimethyl-
1,4,8,1 1-tetraazacyclotetradecane, 2,2' dipyridyl, ethylenediamine
tetraacetic aid (EDTA) catechol, (diethylenetriaminepentaacetic acid
(DTPA), polyethyleneimine, N,N,N',N'-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP),
diethylenetriaminepentaacetic acid (DETPA), ethylenediaminetetrapropionic
acid, (hydroxyethyl)ethylenediaminetriacetic acid (HEDTA),
aminotrimethylenephosphonic acid, and 1-hydroxy
ethylidene-l,l-DiphosphonicAcid (HEPD). Preferred chelating agents are
aminocarboxylic acids such as EDTA, CyDTA 



and aminophosphonic acids such as EDTMP, and most preferably CyDTA. The at
least one metal chelator component will generally comprise from about 0.1%
to about 2% by weight of the composition, preferably from about 0.15% to
about 2%, and more preferably from about 0.17%. to about 1.9%. In the
concentrated formulation the metal chelator component will generally
comprise about 1% to about 2%, preferably about 1.5% to about 2%, more
preferably about 1.7% to about 1.9%, and most preferably about 1.87% by
weight, and in the diluted ready to use formulation the at least one metal
chelator component will comprise from about 0. 1% to about 0.2%, preferably
about 0.15% to about 0.2%, more preferably from about 0.17% to about 0.19%
and most preferably about 0.17% by weight. [0014] Any suitable
tetraalkylammonium fluoride may be employed in the compositions of this
invention. Such suitable tetraalkylammonium fluorides will have the formula
(R)4N F , where each R is independently a substituted or unsubstituted
alkyl group, preferably alkyl of from 1 to 22, and more preferably 1 to 6,
even more preferably 1 to 4, and most preferably 1 carbon atoms, such as
tetramethylammonium fluoride, tetraethylammonium fluoride,
tetrapropylammonium fluoride and tetrabutylammonium fluoride salts,
preferably tetramethylammonium fluoride. The at least one
tetraaalkylammonium fluoride component of the composition of this invention
will generally be present in the composition in an amount of from about
0.05 to about 1.6%, preferably from about 0.05% to about 1% and more
preferably from about 0.05% to about 0 8% by weight. In the concentrated
formulation the at least one tetraalkylammonium component will generally
comprise about 0.5 to about 1.6%, preferably about 0.5% to about 1%, and
more preferably about 0.5 to about 0.8%, and more preferably about .77% by
weight, and in the diluted ready to use formulation the at least one
tetraalkylammonium fluoride component will generally comprise from about
0.05% to about 0.16%, preferably from about 0.05 to 0.1% and more
preferably from about 0.05% to about 0.08%, and still more preferably about
0.07% by weight, [0015] The hydrogen fluoride component of the composition
of this invention will generally be present in the composition in an amount
of from about 0.1% to about 5%, preferably from about 0.1% to about 2%,
more preferably from about 1% to about 1.5% by weight. In the concentrated
formulation of the composition the HF component will generally be present
in an amount of from about 1% to about 5%, preferably from about 1 to 2%,
more preferably from about 1% to about 1 5% and most preferably about 1.2%
by weight, and in the ready to use formulation the HFcomponent will be
present in an amount of from about 0 1% to about 0.5%, preferably from
about 0.1% to about 0.2%, more preferably from about 0.1% to about 0.15%,
more preferably about 0.11% by weight. [0016] Any suitable non-ionic
surfactant containing ethylene oxide chains or ethylene oxide/ethylene
glycol chains may optionally be employed as the at least one non-ionic
surfactant component in the cleaning compositions of this invention. More
preferably the at least one nonionic surfactant is an ethylene oxide
substituted alkynol compound. Suitable non-ionic surfactants include, but
are not limited to polyethyleneglycol, triethylene glycol, tetraethylene
glycol and ethylene oxide substituted alkynols containing from about 2 to
about 20 carbon atoms, preferably from about 2 to 15 and more preferably
from about 5 to about 15 carbon atoms in the alkynol chain. An especially
preferred acetylenic non-ionic surfactant is Surfynol(tm) 465 of the
following formula. The at least one non-ionic surfactant component of the
composition when present in the compositions of this invention will
generally be present in the composition in an amount of from greater than
0% to about 15%, preferably from about 0.5% to about 15%, more preferably
from about 1% to about 15% and still more preferably from about 1.3% to
about 14.3% by weight. In the concentrated formulation of the composition
the at least one non-ionic surfactant component will generally be present
in an amount of from about 5% to about 15%, preferably from about 10% to
15%, more preferably from about 13% to about 15%, and even more preferably
about 14.3% by weight, and in the ready to use formulation the at least one
non-ionic surfactant component will be present in an amount of from greater
than 0% to about 1.5%, preferably about 0.5% to about 1.5, more preferably
from about 1% to about 1.5%, still more preferably from about 1.3% to about
1.5%, and even more preferably about 1.3% by weight.[0017] When a reducing
agent is employed in the cleaning composition to protect any metal capping
layer present in the microelectronic structure any suitable reducing agent
may be employed. Examples of suitable reducing agent include, but are not
limited to, ascorbic acid, tocopherol, phosphorus acid formaldehyde, formic
acid, hydrazine, and monosaccharide reducing agent such as fructose,
glucose glyceraldehydes, lactose, arabinose, maltose, and the like.
Ascorbic acid and fructose are preferably employed and more preferably
ascorbic acid. The amount of the optional reducing agent employed in the
ready to use composition will generally be from about 0.5% to about 20% by
weight, preferably from about 1% to about 10%, and even more preferably
from about 2% to about 6% based on the total weight of the other components
in the formulation [0018] The water will be present in the composition of
this invention in an amount of from about 68.4% to about 98.95% by weight,
preferably 76.5% to about 98%, more preferably about 78% to about 98% by
weight In the concentrated formulation of this invention the water will
generally comprise from about 69.4% to about 89.5%, preferably from about
76% to about 84%, more preferably from about 76.8 to 80.3% and even more
preferably about 78% by weight, and in the ready to use formulation of this
invention the water will comprise from about 96.86% to about 98.95%,
preferably from about 97.6% to about 98.4%, more preferably about 97.68% to
about 



98.03% and even more preferably about 98% by weight. [0019] The
concentrated formulation of this invention will generally be diluted with
additional water in a ratio of additional water to concentrated formulation
of from about 8:1 to about 12:1, preferably 9:1 to about 11:1, and more
preferably about 10: 1 [0020] A preferred example of a concentrated
formulation of this invention will have about 78 parts water, about 3.85
parts alkanolamine/aminophenol, about 1.87 parts metal chelator, about 0.77
parts tetraalkylammonium fluoride, about 1.2 parts HF and about 14.3 parts
non-ionic surfactant wherein the parts are parts by weight. Such a
preferred concentrate formulation is diluted with 10 parts by weight
additional water to 1 part by weight of the concentrated formulation to
provide a ready to use diluted formulation having about 98 parts water,
about 0.35 parts alkanolamine/aminophenol, about 0.17 parts metal chelator,
about 0.07 parts tetraalkylammonium fluoride, about 0.11 parts HF and about
1.30 parts non-ionic surfactant, wherein the parts are parts by weight of
the total formulation. A specific preferred concentrate formulation of this
invention will have about 78 parts water, about 3.85 partsmonoethanolamine,
about 1.87 parts CyDTA, about 0.77 parts tetramethylanimonium fluoride,
about 1.2 parts HF and about 14.3 parts Surfynol(tm) 465 non-ionic
surfactant, wherein the parts are parts by weight. When this concentrate is
diluted with 10 parts water per part of concentrate a preferred ready to
use formulation is provided having about 98 parts water, about 0.35 parts
monoethanolamine, about 0.17 parts CyDTA, about 0.07 parts
tetramethylammonium fluoride, about 0.1 1 parts HF and about 1.3 parts
Surfynol(tm) 465 nonionic surfactant, wherein the parts are parts by
weight. In the afore-mentioned ready to use formulation there may also be
present about 0.5 to 20 parts reducing agent, preferably ascorbic acid. The
reducing agent may be added to a ready to use diluted formulation once it
is obtained from diluting of a concentrate, or the ready to use formulation
with the reducing agent may be formed directly by combining the components
of the ready to use formulation in the concentrations required by the ready
to use formulation. [0021] The ready to use formulation can be employed to
clean copper etch residue from a post photoresist ash, post etch Cu-dual
damascene microelectronic structure wherein the process comprises providing
a microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate wherein the substrate optionally has a metal capping layer,
preferably CoWP, and exposing or contacting the post photoresist ash, post
etch Cu-dual damascene microelectronic structure to the cleaning
composition of this invention for a cleaning effective time and temperature
to clean the post photoresist ash, post etch Cu-dual damascene
microelectronic structure. [0022] The cleaning process can be conducted at
any suitable cleaning effective temperature and time. Generally the
cleaning process will be conducted by exposing or contacting the post
photoresist ash, post etch Cu-dual damascene structure to a cleaning
composition of this invention at a temperature of from about 250C to about
8O0C, preferably from about 250C to about 450C, and more preferably at a
temperature of about 250C, and for a period of time of from about 30 sec.
to about 10 min., preferably about 30 sec. to about 2 min., more preferably
about 30 sec. [0023] Example 1 The following examples are illustrative of
compositions of this invention (Formulations B, E and H) versus
compositions outside the scope of this invention (Formulations A, C, D, F,
Gand I) and their effectiveness in cleaning copper etch residue from a post
photoresist ash, post etch Cu-dual damascene microelectronic structure and
for preventing or substantially eliminating electrodeposition of copper
back onto the structure. The wafer was cleaned in the respective
formulations at 35 C, 200 RPM. The wafers employed were Cu-dual damascene
process integrated circuit wafers having front-end devices present, a top
layer of Black Diamond(tm) dielectric with vias etched in them down to the
copper. The wafers contained copper oxide ash residue on bottoms of the
vias and photoresist ashed residue on top of the dielectric. The results
are presented in Table 1. Table 1 These results show the effect of MEA and
Surfyno 465 on redeposition. The redeposition score number is obtained by
looking at 2 1 vias and assigning a score between 0 and 2 for each where 2
is filled with redeposition material and 0 has no redeposited material and
summing these values for all the vias. Low score is good performance while
high score is bad. Formulations with high (0.86%) and low amounts (0.09%)
amounts of MEA produced unacceptably high redeposition scores high whereas
those with 0.35 MEA produced acceptable redeposition scores. The presence
of surfactant (Formulation B) permits the compositions of the invention to
perform better than a composition of the invention (Formulation H) having
no surfactant present. [0024 Example 2 These following experiments were
conducted on the same type of wafers as employed in Example 1 and compares
the cleaning chemistries of formulations of this invention to dHF (dilute
HF, the current process formulation employed in most fabrication lines for
this kind of CuOx removal process). Improved (lower) Cu and TEOS etch
rates, and comparable CuOx etch rates as reported in Table 2 are obtained
for formulations of this invention compared to thedHF formulation. A
dramatic decrease in the amount of redeposited Cu was also observed after
cleaning with the formulations of this invention when compared to dHF as
also reported 



in Table 2. Table 2 [0025] Example 3 Below are etch rates of Formulation B
at different pHs by addition of TMAH (25%) or dHF (0:1). The same type of
wafers as employed in Example 1 were employed here. This data in Table 3
shows the optimal pH range of pH 4 to pH 5.5 for low Cu and TEOS etch rates
and high CuOx removal rates and demonstrates the balance between these
features for the compositions of this invention. Table 3 [0026] Example 4
Ready to use formulations were prepared and comprised 100 g H O, 10 g HF
(50:1); 0.40 g MEA; 0.20 g CYDTA; 0.40 g TMAF; 1.23 g Surfynol(tm) 465 and
the pH brought to 4, 5.5, 7.0, 8 with HF or MEA. 30 g of each of the
formulations then had added thereto 0.14 g NaCl (electrolyte) and 0.14 g
CuSO4 and then the pH was readjusted to original value with MEA. The
formulations were run in a container with an Au electrode, glassy carbon
counter electrode, and Ag/AgCl reference electrode. The formulations were
tested by cyclic voltammetry from -1.0 V to +1.0 V, and the results were
monitored for Cu 2+ reduction in solution. The results at the various pHs
are set forth in Table 4.Table 4 The more negative the potential is, the
more difficult it is to reduce copper in the solution. Increased pH makes
it more difficult to reduce Cu2+ in these solutions. At the pH range 4 to
5.5 of this invention Cu2+ is desirably much more difficult to reduce than
in dilute HF (200: 1), the standard CuOx stripping chemistry. [0027]
Example 5 As an example of the ability of cleaning formulations of this
invention containing a reducing agent in order to protect the durability of
and inhibiting etching of metal capping layers employed with Cu-dual
damascene microelectronic structures was demonstrated by subjecting
unpatterned CoWP caped Cu to cleaning with (1) a formulation (5A) of this
invention but not containing the optional reducing agent, (2) a formulation
(5B) of this invention containing the optional reducing agent, and (3) as
Comparative Control a 100:1 dHF composition. The cleaning took place at 25
C for a period of 2 minutes after which the CoWP etch rate was determined.
The formulations were as follows. Formulation 5A = 0.35 % ethanolamine,
0.17 % CyDTA, 0.07 % TMAF, 0.1 1 % HF, 0.60 % Surfynol , the remainder
water. Formulation 5B=Formulation 5A with 5% ascorbic acid added thereto.
The CoWP etch results were as follows and demonstrate the ability of the
reducing agent to further inhibit CoWP etching. Formulation 5A inhibited
the metal cap (CoWPO etch rate compared to the dHF control and the presence
of a reducing agent in Formulation 5B inhibited the CoWP etch rate even
more. Table 5[0028] While the invention has been described herein with
reference to the specific embodiments thereof, it will be appreciated that
changes, modification and variations can be made without departing from the
spirit and scope of the inventive concept disclosed herein. Accordingly, it
is intended to embrace all such changes, modification and variations that
fall with the spirit and scope of the appended claims.Claims: 1. An
aqueous, acidic cleaning composition for cleaning Cu-dual damascene
microelectronic structures, the composition comprising a formulation of:
(a) from about 68.45% to about 98.95% water; (b) from about 0.3% to about
8% by weight of at least one alkanolamine or aminophenol; (c) from about
0.1% to about 2% of at least one metal chelating agent; (d) from about
0.05% to about 1.6% of at least one tetraalkylammonium fluoride; (e) from
about 0.1% to about 5% of hydrogen fluoride; and (f) optionally from
greater than 0% to about 15% of at least one non-ionic surfactant that
contains ethylene oxide chains or ethylene oxide/ethylene glycol chains;
wherein the percentages are weight percent based on the total weight of the
formulation and the composition has a pH of from about 4 to about 5.5. 2 .
An aqueous, acidic cleaning composition of claim 1 comprising a formulation
of: (a) from about 69.46% to about 89.5% water; (b) from about 3% to about
8% by weight of at least one alkanolamine or aminophenol; (c) from about 1%
to about 2% of at least one metal chelating agent; (d) from about 0.5% to
about 1.6% of at least one tetraalkylammonium fluoride; (e) from about 1%
to about 5% of hydrogen fluoride; and (f) optionally from about 5% to about
15% of at least one non-ionic surfactant that contains ethylene oxide
chains or ethylene oxide/ethylene glycol chains. 3. An aqueous, acidic
cleaning composition of claim 1 comprising a formulation of: (a) from about
96.86% to about 98.95% water; (b) from about 0.3% to about 0.8% by weight
of at least one alkanolamine or aminophenol; (c) from about 0 .1% to about
0.2% of at least one metal chelating agent; 



(d) from about 0.05% to about 0.16% of at least one tetraalkylammonium
fluoride;(e) from about 0.1% to about 0.5% of hydrogen fluoride; and (f)
and optionally from greater than 0% to about 1.5% of at least one non-ionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethylene
glycol chains. 4. An aqueous, acidic cleaning composition of claim 3
wherein the cleaning composition additionally comprises a reducing agent in
the formulation in an amount of from about 0.5% to about 20% by weight
based on the total weight of the other components in the formulation. 5. An
aqueous, acidic cleaning composition of claim 1 wherein the formulation
comprises: water. monoethanolamine, 1,2-cyclohexanediamine tetraacetic
acid, tetramethylammonium fluoride, HF and a surfactant of the formula CH3
- CH3 6. An aqueous, acidic cleaning composition of claim 2 wherein the
formulation comprises: water, monoethanolamine, 1,2-cyclohexanediamine
tetraacetic acid, tetramethylammonium fluoride, HF and a surfactant of the
formula7. A aqueous, acidic cleaning composition of claim 3 wherein the
formulation comprises: water, monoethanoiamine, 1,2-cycIohexanediamine
tetraacetic acid, tetramethylammonium fluoride, HF, and Surfynol(tm) 465
surfactant of the formula 8. An aqueous, acidic cleaning composition of
claim 3 wherein the reducing agent in the formulation is comprises ascorbic
acid. 9. An aqueous, acidic cleaning composition of claim 5 wherein the
formulation comprises: (a) about 78% water; (b) about 3.85%
monoethanoiamine; (c) about 1.87% 1,2-cyclohexanediamine tetraacetic acid;
(d) about 0.77% tetramethylammonium fluoride; (e) about 1.2% HF; and (f>
about 14.3% Surfynol(tm) 465 surfactant of the formula10. An aqueous,
acidic cleaning composition of claim 7 wherein the formulation comprises:
(a) about 98% water; (b) about 0.35% monoethanolamine; (c) about 0.17%
1,2-cyclohexanediamine tetraacetic acid; (d) about 0.07%
tetramethylammonium fluoride; (e) about 0.1 1% HF; and (f) about 1.3%
Surfynol(tm) 465 surfactant of the formula 11. An aqueous, acidic cleaning
composition of claim 10 wherein the formulation additionally comprises
ascorbic acid in an amount of about % by weight based on the total weight
of the other components of the formulation. 12. A process for cleaning
copper etch residue from a post photoresist ash, post etch Cudual damascene
microelectronic structure, wherein the process comprises: (a) providing a
microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
damascene microelectronic structure to a cleaning composition according to
claim 1 13. A process for cleaning copper etch residue from a post
photoresist ash, post etch Cudual damascene microelectronic structure h,
wherein the process comprises:(a) providing a microelectronic silicon
substrate wafer having at least one post photoresist ash, post etch Cu-dual
damascene structure having a via structure electrically connected with a N+
diffusion region of the silicon substrate, and (b) exposing the post
photoresist ash, post etch a Cu-dual damascene microelectronic structure to
a cleaning composition according to claim 3. 14. A process for cleaning
copper etch residue from a post photoresist ash, post etch Cudual damascene
microelectronic structure having a CoWP metal cap, wherein the process
comprises: (a) providing a microelectronic silicon substrate wafer having
at least one post photoresist ash, post etch Cu-dual damascene structure
having a via structure electrically connected with a N+ diffusion region of
the silicon substrate and having a CoWP metal cap, and (b) exposing the
post photoresist ash, post etch a Cu-dual damascene microelectronic
structure to a cleaning composition according to claim 4. 15. A process for
cleaning copper etch residue from a post photoresist ash, post etch Cudual
damascene microelectronic structure, wherein the process comprises: (a)
providing a microelectronic silicon substrate wafer having at least one
post photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
damascene microelectronic structure to a cleaning composition according to
claim 5. 16. A process for cleaning copper etch residue from a post
photoresist ash, post etch Cudual damascene microelectronic structure,
wherein the process comprises: (a) providing a microelectronic silicon
substrate wafer having at least one post 



photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N diffusion region of the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
damascene microelectronic structure to a cleaning composition according to
claim 7 .17. A process for cleaning copper etch residue from a post
photoresist ash, post etch Cudual damascene microelectronic structure
having a CoWP metal cap, wherein the process comprises: (a) providing a
microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N diffusion region of the silicon
substrate and having a CoWP metal cap, and (b) exposing the post
photoresist ash, post etch a Cu-dual damascene microelectronic structure to
a cleaning composition according to claim 8. 18. A process for cleaning
copper etch residue from a post photoresist ash, post etch Cudual damascene
microelectronic structure, wherein the process comprises: (a) providing a
microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
damascene microelectronic structure to a cleaning composition according to
claim 10. 19. A process for cleaning copper etch residue from a post
photoresist ash, post etch Cudual damascene microelectronic structure
having a CoWP metal cap, wherein the process comprises: (a) providing a
microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate having a CoWP metal cap, and (b) exposing the post photoresist
ash, post etch a Cu-dual damascene microelectronic structure to a cleaning
composition according to claim 11. 20. A method of forming a composition of
claim 3 comprising adding about 10 parts by weight of water to 1 part by
weight of a formulation comprising:(a) from about 69.46% to about 89.5%
water; (b) from about 3% to about 8% by weight of at least one alkanolamine
or aminophenol; (c) from about 1% to about 2% of at least one metal
chelating agent; (d) from about 0.5% to about 1.6% of at least one
tetraalkylarnmonium fluoride; (e) from about 1% to about 5% of hydrogen
fluoride; and (f) from about 5% to about 15% of at least one non-ionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethylene
glycol chains, wherein the percentages are by weight based on the total
weight of the formulation. 21. A method of forming a composition of claim 4
comprising: (1) adding about 10 parts by weight of water to 1 part by
weight of a formulation comprising: (a) from about 69.46% to about 89.5%
water; (b) from about 3% to about 8% by weight of at least one alkanolamine
or aminophenol; (c) from about 1% to about 2% of at least one metal
chelating agent; (d) from about 0.5% to about 1.6% of at least one
tetraalkylarnmonium fluoride; (e) from about 1% to about 5% of hydrogen
fluoride; and (f) from about 5% to about 15% of at least one non-ionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethylene
glycol chains, wherein the percentages are by weight based on the total
weight of the formulation, and (2) adding to said resulting mixture a
reducing agent in an amount of from about 0.5% to about 20% by weight based
on the total weight of the other components in the resulting mixture. 


