
TITLE OF THE INVENTION NOVEL COMPOUNDS AS OPIOID
RECEPTOR MODULATORS CROSS-REFERENCE TO RELATED
APPLICATIONS This Application claims priority to
United States Provisional Patent Application No.
60/553342, filed March 15, 2004, which is hereby
incorporated by reference in its entirety. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
The research and development of the invention
described below was not federally sponsored. FIELD OF
THE INVENTION The present invention is directed to
novel opioid receptor modulators of Formula (I). The
invention further relates to methods for preparing
such compounds, pharmaceutical compositions containing
them, and their use in the treatment of opioid
modulated disorders. BACKGROUND OF THE INVENTION the
opioid receptors were identified in the mid-1 970's,
and were quickly categorized into three sub-sets of
receptors (mu, delta and kappa). More recently the
original three types of receptors have been further
divided into sub types. Also known is that the family
of opioid receptors are members of the Gprotein
coupled receptor (GPCR) super-family. More
physiologically pertinent are the well established
facts that opioid receptors are found throughout the
central and peripheral nervous system of many
mammalian species, including humans, and that
modulation of the respective receptors can elicit
numerous, albeit different, biological effects, both
desirable and undesirable (D.S. Fries,"Analgesics", in
Principles of Medicinal Chemistry, 4th ed.; W.O. Foye,
T.L. Lemke, and D.A. Williams, Eds.; Williams and
Wilkins: Baltimore, Md., 1995; pp. 247-269; J.V.
Aldrich, "Analgesics", Burger's Medicinal Chemistry
and Drug Discovery, 5th Edition, Volume 3: Therapeutic
Agents, John Wiley & Sons, Inc., 1996, pp. 321- 441).
In the most current literature, the likelihood of
heterodimerization of the sub-classes of opioid
receptors has been reported, with respective
physiological responses yet undetermined (Pierre J.M.
Riviere and Jean-Louis Junien, "Opioid receptors:
Targets for new gastrointestinal drug development",
Drug Development 2000, pp. 203-238). A couple
biological effects identified for opioid modulators
have led to many useful medicinal agents. Most
significant are the many centrally acting mu opioid
agonist modulators marketed as analgesic agents to
attenuate pain (e.g., morphine), as well as
peripherally acting mu agonists to regulate motility
(e.g., loperamide). Currently, clinical studies are
continuing to evaluate medicinal utility of selective
delta, mu, and kappa modulators, as well as compounds
possessing combined sub-type modulation. It is
envisioned such explorations may lead to agents with
new utilities, or agents with minimized adverse side
effects relative to currently available agents
(examples of side effects for morphine includes
constipation, respiratory depression, and addiction
potential). Some new Gl areas where selective or mixed
opioid modulators are currently being evaluated
includes potential treatment for various diarrheic
syndromes, motility disorders (post-operative ileus,
constipation), and visceral pain (post operative pain,
irritable bowel syndrome, and inflammatory bowel
disorders) (Pierre J. M. Riviere and Jean-Louis
Junien, "Opioid receptors: Targets for new
gastrointestinal drug development" Drug Development,
2000, pp. 203-238). Around the same time the opioid
receptors were identified, the enkephalins were
identified as a set of endogenous opioid ligands (D.S.
Fries, "Analgesics", in Principles of Medicinal
Chemistry, 4th ed.; W.O. Foye; T.L. Lemke, and D.A.
Williams, Eds.; Williams and Wilkins: Baltimore, Md.,
1995;pp. 247-269). Schiller discovered that truncating
the original pentapeptide enkephalins to simplified
dipeptides yielded a series of compounds that
maintained opioid activity (Schiller, P. WO 96/06855).
However one potential drawback cited for such
compounds is the likelihood of their inherent
instability (P.W. Schiller et al., Int. J. Pept.
Protein Res. 1993, 4 1 (3), pp. 313-316). More
recently, a series of opioid pseudopeptides containing
heteroaromatic or heteroaliphatic nuclei were
disclosed, however this series is reported showing a
different functional profile than that described in
the Schiller works. (L.H. Lazarus et al., Peptides
2000, 21, pp. 1663-1671) Most recently, works around
morphine related structures were reported by Wentland,
et al, where carboxamido morphine derivatives and it's
analogs were prepared (M.P. Wentland et al., Biorg.
Med. Chem. Letters 2001 , 11, pp. 1717-1721 ; M.P.
Wentland et al., Biorg. Med. Chem. Letters 2001 , 11,
pp. 623- 626). Wentland found that substitution for
the phenol moiety of the morphine related structures
with a primary carboxamide led anywhere from equal
activities up to 40 fold reduced activities, depending
on the opioid receptor and the carboxamide. It was
also revealed that any additional /V-substitutions on
the carboxamide significantly diminished the desired
binding activity. Compounds of the present invention
have not been previously disclosed and are believed to
provide advantages over related compounds by providing
improved pharmacological profiles. Opioid receptor
modulators, agonists or antagonists are useful in the
treatment and prevention of various mammalian disease
states, for example pain and gastrointestinal
disorders such as diarrheic syndromes, motility
disorders including post-operative ileus and
constipation, and visceral pain including
post-operative pain, irritable bowel syndrome and
inflammatory bowel disorders.It is an object of the
present invention to provide opioid receptor 



modulators. It is a further object of the invention to
provide opioid receptor agonists and opioid receptor
antagonists. It is an object of the present invention
to provide opioid receptor ligands that are selective
for each type of opioid receptor, mu, delta and kappa.
It is a further object of the present invention to
provide opioid receptor ligands that modulate two or
three opioid receptor types, mu, delta and kappa,
simultaneously. It is an object of the invention to
provide certain instant compounds that are also useful
as intermediates in preparing new opioid receptor
modulators. It is also an object of the invention to
provide a method of treating or ameliorating a
condition mediated by an opioid receptor. And, it is
an object of the invention to provide a useful
pharmaceutical composition comprising a compound of
the present invention useful as an opioid receptor
modulator. SUMMARY OF THE INVENTION The present
invention is directed to compounds of Formula (I)
Formula (I) wherein: R1 is selected from the group
consisting of hydrogen, C1-6alkyl, cycloalkyl,
heterocyclyl, aryl(C-i-6)alkyl, and heteroaryl(C
1-6)alkyl; wherein aryl of aryl(C-i-6)alkyl is
optionally fused to a heterocyclyl or cycloalkyl; and
wherein the cycloalkyl and heterocyclyl of R1 are
optionally substituted with d - alkyl,
hydroxy(C1-6)alkyl, C-i - alkoxy, hydroxy, cyano,
amino, Ci _6alkylamino, (C-i_6alkyl)2amino, halogen,
carboxy, aryl(C 1- 6)alkoxycarbonyl,
C1-6alkoxycarbonyl, aminocarbonyl,
C1-6alkylaminocarbonyl, (C1-6alkyl)2aminocarbonyl, or
aminosulfonyl; and, wherein C1-6alkyl of R1 is
optionally substituted with one to three substituents
independently selected from the group consisting of
C1- 6alkoxy, aryl, cycloalkyl, heterocyclyl, hydroxy,
cyano, amino, C1- alkylamino, (Ci .6alkyl)2amino,
halogen, and carboxy; and wherein the aryl and
heteroaryl portion of aryl(C 1-6)alkyl and
heteroaryl(C 1-6)alkyl are optionally substituted with
one to three R11 substituents independently selected
from the group consisting of C1- 6alkyl; hydroxy(C
1-6)alkyl; Ci _6alkoxy; aryl(C-i-6)alkyl; aryl(C
1-6)alkoxy; aryl; heteroaryl optionally substituted
with C1-4alkyl; cycloalkyl; heterocyclyl; aryloxy;
heteroaryloxy; cycloalkyloxy; heterocyclyloxy; amino;
C1- alkylamino; (C1-6alkyl)2amino;
C3-6cycloalkylaminocarbonyl; hydroxy(C 1-
6)alkylaminocarbonyl; arylaminocarbonyl wherein aryl
is optionally substituted with carboxy or
C1-4alkoxycarbonyl; heterocyclylcarbonyl; carboxy;
C1-6alkoxycarbonyl; d - alkylcarbonyl; d
-balkylcarbonylamino; aminocarbonyl; C1-
alkylaminocarbonyl; (C1-6alkyl)2aminocarbonyl; cyano;
halogen; trifluoromethyl; trifluoromethoxy; or
hydroxy; R2 is selected from the group consisting of
hydrogen, C alky!, hydroxy(Ci _ 8)alkyl, aryl(C
1-6)alkoxy(C 1-6)alkyl, or aryl(C1-8)alkyl; wherein
the aryl portion of the aryl-containing substituents
of R2 are optionally substituted with one to two
substituents independently selected from the group
consisting of C alky!, d - alkoxy, hydroxy, amino,
C1-6alkylamino, (Ci .6alkyl)2amino, aminocarbonyl, C1-
6alkylaminocarbonyl, (C1-6alkyl)2aminocarbonyl, cyano,
fluoro, chloro, bromo, trifluoromethyl, and
trifluoromethoxy; and wherein alkyl andalkoxy
substituents of aryl are optionally substituted with
hydroxy, amino, C1-6alkylamino, (C1-6alkyl)2annino, or
aryl; A is selected from the group consisting of aryl,
ring system a-1, a-2, a-3, and a-4, optionally
substituted with R3 and R5; and a-1 a-2 a-3 a-4
wherein A-B is selected from the group consisting of
N-C, C-N, N-N and C-C; D-E is selected from the group
consisting of O-C, S-C, and O-N; R3 is one to two
substituents independently selected from the group
consisting of C1-6alkyl, aryl, aryl(C i _6)alkyl,
aryl(C2-6)alkenyl, aryl(C2-6)alkynyl, heteroaryl,
heteroaryl(C 1-6)alkyl, heteroaryl(C 2-6)alkenyl,
heteroaryl(C 2- 6)alkynyl, amino, C1-6alkylamino,
(C1-6alkyl)2amino, arylamino, heteroarylamino,
aryloxy, heteroaryloxy, and halogen; wherein the aryl
and heteroaryl portion of R3 are optionally
substituted with one to five substituents
independently selected from the group consisting of
C1- alkyl, hydroxy(C 1-6)alkyl, C1-6alkoxy, aryl(C
1-6)alkyl, aryl(C 1-6)alkoxy, aryl, aryloxy,
heteroaryl(C 1-6)alkyl, heteroaryl(C 1-6)alkoxy,
heteroaryl, heteroaryloxy, arylamino, heteroarylamino,
amino, C1-6alkylamino, (Ci _ 6alkyl)2amino, carboxy(C
i .6)alkylamino, carboxy, C1-6alkylcarbonyl, Ci .
6alkoxycarbonyl, C1- alkylcarbonylamino,
aminocarbonyl, C1- 6alkylaminocarbonyl, (Ci
.6alkyl)2aminocarbonyl, carboxy(C i
6)alkylaminocarbonyl, cyano, halogen, trifluoromethyl,
trifluoromethoxy, hydroxy, C^alkylsulfonyl,
C1-6alkylsulfonylamino, - C(O)-NH-CH(-R C)-C(O)- NH2,
and C1-6alkyl;wherein C1-6alkyl of R3 is optionally
substituted with a substituent selected from the group
consisting of hydroxy, carboxy, C1-4alkoxycarbonyl,
amino, C1- alkylamino, (C1-6alkyl)2amino,
aminocarbonyl, (C1-4)alkylaminocarbonyl, di(C
1-4)alkylaminocarbonyl, aryl, heteroaryl, arylamino,
heteroarylamino, aryloxy, heteroaryloxy,
aryl(C1-4)alkoxy, and heteroaryl(C1-4)alkoxy; Rc is
selected from the group consisting of hydrogen,
C1-6alkyl, C1- alkylcarbonyl, C1-6alkoxycarbonyl,
C1-6alkylcarbonylamino, aryl(C 1-6)alkyl, 



heteroaryl(C-i-6)alkyl, aryl, and heteroaryl; R4 is
aryl or heteroaryl; wherein R4 is optionally
substituted with one to five substituents
independently selected from the group R4 1; wherein R4
1 is (C-i. 6)alkyl, (C1-6)alkoxy, aryl(C1-6)alkoxy,
aryl(C i _6)alkylcarbonyloxy, heteroaryl(C
1-6)alkylcarbonyloxy, heteroaryl, hydroxy, halogen,
aminosulfonyl, formylamino, aminocarbonyl, C-i
-ealkylaminocarbonyl, (C-i- 6alkyl)2aminocarbonyl,
heterocyclylcarbonyl, carboxy, or cyano; and wherein
C1-6alkyl is optionally substituted with amino,
C1-6alkylamino, or (Ci- 6alkyl)2amino; and wherein the
aryl portion of aryl(C1-6)alkylcarbonyloxy is
optionally substituted with one to four substituents
independently selected from the group consisting of
(C1-6)alkyl, (C1-6)alkoxy, halogen, cyano, amino, and
hydroxy; R5 is a substituent on a nitrogen atom
contained in ring A selected from the group consisting
of hydrogen, C-|.4alkyl, and aryl; R6 is selected from
the group consisting of hydrogen and C1-6alkyl; R7 is
selected from the group consisting of hydrogen and
C1-6alkyl; Ra and Rb are substituents independently
selected from the group consisting of hydrogen and
C1-6alkyl; or, when Ra and Rb are other than hydrogen,
Ra andRb are optionally taken together with the
nitrogen to which they are both attached to form a
five to eight membered monocyclic ring; L is selected
from the group consisting of O, S, and N(Rd); wherein
Rd is hydrogen, C1-6alkyl, or aryl; and
pharmaceutically acceptable enantiomers,
diastereomers, racemates, and salts thereof. The
present invention is also directed to compounds of
Formula (I) Formula (I) wherein: R1 is selected from
the group consisting of hydrogen, C1-6alkyl,
cycloalkyl, heterocyclyl, aryl(C1-6)alkyl, and
heteroaryl(C 1-6)alkyl; wherein when R1 is
phenyl(C1-6)alkyl, phenyl is optionally fused to a
heterocyclyl or cycloalkyl; wherein when R1 is C
-i-2alkyl, said Ci .2alkyl is optionally substituted
with one to two substituents independently selected
from the group consisting of C-i- alkoxy, aryl,
cycloalkyl, heterocyclyl, hydroxy, cyano, amino, C1-
balkylamino, (C1-6alkyl)2amino, trifluoromethyl, and
carboxy; and further, wherein when R1 is C3-6alkyl,
said C3-6alkyl is optionally substituted with one to
three substituents independently selected from the
group consisting of C1- alkoxy, aryl, cycloalkyl,
heterocyclyl, hydroxy,cyano, amino, C1-6alkylamino,
(C1-6alkyl) 2annino, trifluoromethyl, and carboxy;
wherein the cycloalkyl and heterocyclyl of C-i-2alkyl
and C3-6alkyl are optionally substituted with one to
two substituents independently selected from the group
consisting of C1-6alkyl, hydroxy(C 1-6)alkyl, C1.
alkoxy, hydroxy, cyano, amino, C1-6alkylamino, (Ci-
ealkyl^amino, trifluoromethyl, carboxy,
aryI(C1-6)alkoxycarbonyl, Ci _6alkoxycarbonyl,
aminocarbonyl, C-i-ealkylaminocarbonyl,
(C1-6alkyl)2aminocarbonyl, and aminosulfonyl;
furthermore, wherein the cycloalkyl and heterocyclyl
of R1 are optionally substituted with one to two
substituents independently selected from the group
consisting of C1-6alkyl, hydroxy(C 1-6)alkyl, d -
alkoxy, hydroxy, cyano, amino, C1-6alkylamino,
(C1-6alkyl) 2amino, trifluoromethyl, carboxy, aryl(C
1-6)alkoxycarbonyl, C1- alkoxycarbonyl, aminocarbonyl,
C-i ealkylaminocarbonyl, (C1-6alkyl) 2aminocarbonyl,
and aminosulfonyl; furthermore, wherein the aryl and
heteroaryl portion of the R1 substituents aryl(C
1-6)alkyl and heteroaryl(C 1-6)alkyl, are optionally
substituted with one to three R1 1 substituents
independently selected from the group consisting of
C1-6alkyl; hydroxy(C i _6)alkyl; C1-6alkoxy; C6-i
oaryl(C i _6)alkyl; C6-i oaryl(C1-6)alkoxy; C -i
oaryl; heteroaryl optionally substituted with one to
two substituents independently selected from the group
consisting of C1-4alkyl, C1-4alkoxy, and carboxy;
cycloalkyl; heterocyclyl; C -i oaryloxy;
heteroaryloxy; cycloalkyloxy; heterocyclyloxy; amino;
C-i-6alkylamino; (C1-6alkyl) 2amino;
C3-6cycloalkylaminocarbonyl; hydroxy(C i .
6)alkylaminocarbonyl; C6-i oarylaminocarbonyl wherein
C-6-i oaryl is optionally substituted with carboxy or
C-i ^alkoxycarbonyl; heterocyclylcarbonyl; carboxy;
C1-6alkylcarbonyloxy; d - alkoxycarbonyl; C1-
alkylcarbonyl; Ci .6alkylcarbonylamino; aminocarbonyl;
C1- 6alkylaminocarbonyl; (Ci .6alkyl)2aminocarbonyl;
cyano; halogen; trifluoromethyl; trifluoromethoxy; and
hydroxy;provided that no more than one R11 substituent
is selected from the group consisting of C-6-i
oaryl(Ci .6)alkyl; C6-10aryl(C 1-6)alkoxy; C6-i oaryl;
heteroaryl optionally substituted with one to two
substituents independently selected from the group
consisting of C1-4alkyl, Ci _ 4alkoxy, and carboxy;
cycloalkyl; heterocyclyl; C6-i oaryloxy;
heteroaryloxy; cycloalkyloxy; C6-i oarylaminocarbonyl,
heterocyclylcarbonyl; and heterocyclyloxy; R2 is
hydrogen, C1-8alkyl, hydroxy(C 1-8)alkyl, C6-i
oaryl(C1-6)alkoxy(C i .6)alkyl, or C6-10aryl(C
1-8)alkyl; wherein the C6-i oaryl group in the C6-i0
aryl-containing substituents of R2 are optionally
substituted with one to two substituents independently
selected from the group consisting of C-i-6alkyl,
C1-6alkoxy, hydroxy, amino, Ci .6alkylamino,
(C1-6alkyl)2amino, aminocarbonyl, C1-
alkylaminocarbonyl, (C1-6alkyl)2aminocarbonyl, cyano,
fluoro, chloro, 



bromo, trifluoromethyl, and trifluoromethoxy; and,
wherein the C alky! and C1-6alkoxy substituents of
aryl are optionally substituted with hydroxy, amino,
C1-6alkylamino, (C1-6alkyl) 2amino, orC1-6 aryl; A is
selected from the group consisting of aryl, ring
system a-1 , a-2, a-3, and a-4, optionally substituted
with R3 and R5; a-1 a-2 a-3 a-4 wherein A-B is
selected from the group consisting of N-C, C-N, N-N
and C-C; D-E is selected from the group consisting of
O-C, S-C, and O-N; F-G is selected from the group
consisting of N-O and C-O;R3 is one to two
substituents independently selected from the group
consisting of C-|.6alkyl, aryl, aryl(C 1-6)alkyl,
aryl(C 2-6)alkenyl, aryl(C 2-6)alkynyl, heteroaryl,
heteroaryl(C 1-6)alkyl, heteroaryl(C 2-6)alkenyl,
heteroaryl(C 2- 6)alkynyl, amino, C1-6alkylamino,
(C1-6alkyl) 2amino, arylamino, heteroarylamino,
aryloxy, heteroaryloxy, trifluoromethyl, and halogen;
wherein the aryl, heteroaryl and the aryl and
heteroaryl of aryl(C1-6)alkyl, aryl(C 2-6)alkenyl,
aryl(C2-6)alkynyl, heteroaryl(C 1-6)alkyl,
heteroaryl(C 2- 6)alkenyl, heteroaryl(C 2-6)alkynyl,
arylamino, heteroarylamino, aryloxy, and
heteroaryloxy, are optionally substituted with one to
five fluoro substituents or one to three substituents
independently selected from the group consisting of
C1-6alkyl, hydroxy(C 1-6)alkyl, C1-6alkoxy, C6-i
oaryl(C-|. 6)alkyl, C6-i oaryl(Ci .6)alkoxy, C6-i
oaryl, C6-i oaryloxy, heteroaryl(C 1-6)alkyl,
heteroaryl(C 1-6)alkoxy, heteroaryl, heteroaryloxy,
C6-i oarylamino, heteroarylamino, amino,
C1-6alkylamino, (C1-6alkyl)2amino, carboxy(C 1-
6)alkylamino, carboxy, C-i - alkylcarbonyl,
C1-6alkoxycarbonyl, C1- 6alkylcarbonylamino,
aminocarbonyl, C^ealkylaminocarbonyl, (Ci _
6alkyl)2aminocarbonyl, carboxy(C
1-6)alkylaminocarbonyl, cyano, halogen,
trifluoromethyl, trifluoromethoxy, hydroxy, C1-
alkylsulfonyl, and C-|. 6alkylsulfonylamino; provided
that no more than one such substituent on the aryl or
heteroaryl portion of R3 is selected from the group
consisting of C6-i oaryl(Ci .6)alkyl, C6-i
oaryl(C1-6)alkoxy, C6-i oaryl, C6-i oaryloxy,
heteroaryl(C 1-6)alkyl, heteroaryl(C i _6)alkoxy,
heteroaryl, heteroaryloxy, C6-i oarylamino, and
heteroarylamino; and wherein C1-6alkyl, and C alky! of
aryl(C 1-6)alkyl and heteroaryl(C-|. 6)alkyl is
optionally substituted with a substituent selected
from the group consisting of hydroxy, carboxy,
d^alkoxycarbonyl, amino, Ci _ 6alkylamino,
(C1-6alkyl)2amino, aminocarbonyl, (Ci
_4)alkylaminocarbonyl, di(C i .4)alkylaminocarbonyl,
aryl, heteroaryl, arylamino, heteroarylamino, aryloxy,
heteroaryloxy, aryl(C 1-4)alkoxy, and heteroaryl(C
1-4)alkoxy;R4 is C6-i oaryl or a heteroaryl selected
from the group consisting of furyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, isoindolyl,
indolinyl, benzofuryl, benzothienyl, benzimidazolyl,
benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl; wherein R4 is
optionally substituted with one to three R4 1
substituents independently selected from the group
consisting of (C1-6)alkyl optionally substituted with
amino, C1-6alkylamino, or (C1- alkyl^amino; (Ci
^alkoxy; phenyl(C 1-6)alkoxy;
phenyl(C-i-6)alkylcarbonyloxy wherein the C1-6 alkyl
is optionally substituted with amino; a non fused
5-memberedheteroaryl( C 1-6)alkylcarbonyioxy; a non
fused 5-membered-heteroaryl; hydroxy; halogen;
aminosulfonyl; formylamino; aminocarbonyl; Ci _
alkylaminocarbonyl wherein C1-6alkyl is optionally
substituted with amino, C1-6alkylamino, or
(C1-6alkyl)2amino; (Ci .6alkyl) 2aminocarbonyl wherein
each Ci _6alkyl is optionally substituted with amino,
Ci _ 6alkylamino, or (C1-6alkyl) 2amino;
heterocyclylcarbonyl wherein heterocyclyl is a 5-7
membered nitrogen-containing ring and said
heterocyclyl is attached to the carbonyl carbon via a
nitrogen atom; carboxy; or cyano; and wherein the
phenyl portion of phenyl(C 1- 6)alkylcarbonyloxy is
optionally substituted with (C-i^alkyl (C-i-6)alkoxy,
halogen, cyano, amino, or hydroxy; provided that no
more than one R41 is (C1-6)alkyl substituted with C1-
6alkylamino or (C-i-6alkyl) 2amino; aminosulfonyl;
formylamino; aminocarbonyl; C1-6alkylaminocarbonyl;
(C1-6alkyl) 2aminocarbonyl; heterocyclylcarbonyl;
hydroxy; carboxy; or a phenyl- or heteroarylcontaining
substituent; R5 is a substituent on a nitrogen atom of
ring A selected from the group consisting of hydrogen
and C1-4alkyl; R6 is hydrogen or C alky!;R7 is
hydrogen or C1-6alkyl; Ra and Rb are independently
selected from the group consisting of hydrogen,
C1-6alkyl, and C1-6alkoxycarbonyl; alternatively, when
Ra and Rb are each other than hydrogen, Ra and Rb are
optionally taken together with the nitrogen atom to
which they are both attached to form a five to eight
membered monocyclic ring; L is selected from the group
consisting of O, S, and N(Rd) wherein Rd is hydrogen
or Ci 6alkyl; and pharmaceutically acceptable
enantiomers, diastereomers, racemates, and salts
thereof. Illustrative of the invention is a
pharmaceutically acceptable carrier and any of the
compounds described above. 



The present invention is also directed to methods for
producing the instant compounds of Formula (I) and
pharmaceutical compositions and medicaments thereof.
The present invention is further directed to methods
for treating opioid modulated disorders such as pain
and gastrointestinal disorders. Compounds of the
present invention are believed to provide advantages
over related compounds by providing improved
pharmacological profiles. Further specific embodiments
of preferred compounds are provided hereinafter. BRIEF
DESCRIPTION OF THE DRAWINGSFigure 1 shows a schematic
of the protocol to determine visceral hyperalgesia in
rats. Figure 2 and Figure 3 each show the effect in
rat of Cpd 18 on the hyperalgesic response to
colorectal balloon distention following zymosan.
DETAILED DESCRIPTION OF THE INVENTION Embodiments of
the present invention include those compounds wherein
R1 is selected from the group consisting of hydrogen,
C1-6alkyl, aryl(C 1-4)alkyl, and heteroaryl(C
1-4)alkyl; wherein the aryl and heteroaryl portion of
aryl(C i _4)alkyl and heteroaryl(C i . 4)alkyl are
optionally substituted with one to three R11
substituents independently selected from the group
consisting of d - alkoxy; heteroaryl optionally
substituted with one to two substituents independently
selected from the group consisting of C-ualkyl,
C1-4alkoxy, and carboxy; carboxy; C1- 4alkoxycarbonyl;
C1-4alkoxycarbonyloxy; aminocarbonyl; C1-
4alkylaminocarbonyl; C3-6cycloalkylaminocarbonyl;
hydroxy(C i . 6)alkylaminocarbonyl; C6-i
oarylaminocarbonyl wherein C6-i oaryl is optionally
substituted with carboxy or Ci ^alkoxycarbonyl;
heterocyclylcarbonyl; cyano; halogen;
trifluoromethoxy; or hydroxy; provided that no more
than one R11 is heteroaryl (optionally substituted
with one to two Ci ^alkyl substituents); C - i
oarylaminocarbonyl wherein C6-i oaryl is optionally
substituted with carboxy or Ci ^alkoxycarbonyl; or
heterocyclylcarbonyl. Embodiments of the present
invention include those compounds wherein R1 is
selected from the group consisting of C6.i
oaryl(C1-4)alkyl, pyridinyl(C i . 4)alkyl, and
furanyl(C 1-4)alkyl; wherein C6-i oaryl, pyridinyl,
and furanyl are optionally substituted with one to
three R1 1 substituents independently selected from
the group consisting of C1-3alkoxy; tetrazolyl;
carboxy; C1-4alkoxycarbonyl; aminocarbonyl;
C1-4alkylaminocarbonyl; C ecycloalkylaminocarbonyl;
hydroxyCCi ^alkylaminocarbonyl; C6-i
oarylaminocarbonyl wherein C -i oaryl isoptionally
substituted with carboxy or C1-4alkoxycarbonyl;
morpholin-4- ylcarbonyl; cyano; halogen; and
trifluoromethoxy; provided that that no more than one
R11 is C -i oarylaminocarbonyl. Embodiments of the
present invention include those compounds wherein R1
is selected from the group consisting of phenyl(C
1-3)alkyl, pyridinyl(C 1-3)alkyl, and furanyl(C
1-3)alkyl; wherein phenyl, pyridinyl, and furanyl are
optionally substituted with one to three R11
substituents independently selected from the group
consisting of C1-3alkoxy; tetrazolyl,
C3-6cycloalkylaiTiinocarbonyl; hydroxy(C
1-4)alkylaminocarbonyl; C -i oarylarninocarbonyl
wherein C6-i oaryl is optionally substituted with
carboxy or C1-4alkoxycarbonyl; morpholin-4-
ylcarbonyl; chloro; fluoro; trifluoromethoxy; C-i
^alkoxycarbonyl; and carboxy; provided that that no
more than one R11is C -i oarylaminocarbonyl.
Embodiments of the present invention include those
compounds wherein R1 is phenylmethyl, pyridinylmethyl,
or furanylmethyl; wherein phenyl, pyridinyl, and
furanyl are optionally substituted with one to three
R11 substituents independently selected from the group
consisting of methoxy; tetrazolyl;
cyclopropylaminocarbonyl; (2-hydroxyeth-1
-yl)aminocarbonyl; methoxycarbonyl;
phenylaminocarbonyl wherein phenyl is optionally
substituted with carboxy; morpholin-4-ylcarbonyl; and
carboxy; provided that that no more than one R11 is
phenylaminocarbonyl. Embodiments of the present
invention include those compounds wherein R2 is a
substituent selected from the group consisting of
hydrogen, C1-4alkyl, hydroxy(C i .4)alkyl, and
phenyl(C i _6)alkoxy(C 1-4)alkyl; wherein said phenyl
is optionally substituted with one to two substituents
independently selected from the group consisting of Ci
.3alkyl, C -i-3alkoxy, hydroxy, cyano, fluoro, chloro,
bromo, trifluoromethyl, and trifluoromethoxy.
Embodiments of the present invention include those
compounds wherein R2 is selected from the group
consisting of hydrogen and C -i-4alkyl.Embodiments of
the present invention include those compounds wherein
R2 is hydrogen or methyl. Embodiments of the present
invention include those compounds wherein ring A is
a-1 . Embodiments of the present invention include
those compounds wherein A-B of ring a-1 is selected
from the group consisting of N-C and O-N. Embodiments
of the present invention include those compounds
wherein A-B of ring a-1 is N-C. Embodiments of the
present invention include those compounds wherein R3
is one to two substituents independently selected from
the group consisting of C1-6alkyl, halogen, and aryl;
wherein aryl is optionally substituted with one to
three substituents independently selected from the
group consisting of halogen, carboxy, aminocarbonyl,
Ci _3alkylsulfonylamino, cyano, hydroxy, amino, Ci _
3alkylamino, and (C-i-aalkyl^amino. Embodiments of the
present invention include those compounds wherein R3
is one to two substituents independently selected from
the group consisting of C1-3alkyl, bromo, and phenyl;
wherein phenyl is optionally substituted with 



one to three substituents independently selected from
the group consisting of chloro, fluoro, iodo, carboxy,
aminocarbonyl, and cyano. Embodiments of the present
invention include those compounds wherein R3 is one to
two substituents independently selected from the group
consisting of methyl and phenyl; wherein phenyl is
optionally substituted with one to three substituents
independently selected from the group consisting of
chloro and carboxy.Embodiments of the present
invention include those compounds wherein at least one
R3 substituent is phenyl. Embodiments of the present
invention include those compounds wherein R3 is a
substituent selected from the group consisting of
methyl and phenyl optionally substituted with one to
two substituents independently selected from the group
consisting of chloro and carboxy. Embodiments of the
present invention include those compounds wherein R4
is C-6-i oaryl optionally substituted with one to
three R4 1 substituents independently selected from
the group consisting of (C1-3)alkyl, (C1-6)alkoxy,
phenyl(C-i-6)alkoxy; hydroxy; halogen; formylamino;
aminocarbonyl; C1- 6alkylaminocarbonyl;
(C1-6alkyl)2aminocarbonyl; heterocyclylcarbonyl
wherein heterocyclyl is a 5-7 membered
nitrogen-containing ring and said heterocyclyl is
attached to the carbonyl carbon via a nitrogen atom;
carboxy; and cyano; provided that no more than one R4
1 substituent is formylamino, aminocarbonyl,
C1-balkylaminocarbonyl, (C1-ealkyl^aminocarbonyl,
heterocyclylcarbonyl, hydroxy, carboxy, or a
phenyl-containing substituent. Embodiments of the
present invention include those compounds wherein R4
is phenyl substituted with one to three R4 1
substituents independently selected from the group
consisting of (C1-3)alkyl, (C1-3)alkoxy, phenyl(C i _
3)alkoxy, hydroxy, C^ealkylaminocarbonyl, and
aminocarbonyl; provided that no more than one R41
substitutent is aminocarbonyl, C1-6alkylaminocarbonyl,
hydroxy, or a phenyl-containing substituent.
Embodiments of the present invention include those
compounds wherein R4 is phenyl substituted at the
4-position with hydroxy, C1-3alkylaminocarbonyl, or
aminocarbonyl, and optionally substituted with one to
two substituents independently selected from the group
consisting of methyl, methoxy, and
benzyloxy.Embodiments of the present invention include
those compounds wherein R4 is phenyl substituted at
the 4-position with hydroxy, C1-3alkylaminocarbonyl,
or aminocarbonyl, and optionally substituted with one
to two methyl substituents. Embodiments of the present
invention include those compounds wherein R4 is phenyl
substituted at the 4-position with hydroxy,
C1-3alkylaminocarbonyl, or aminocarbonyl, and
substituted at the 2- and 6- positions with methyl
substituents. Embodiments of the present invention
include those compounds wherein R5 is hydrogen or
methyl. Embodiments of the present invention include
those compounds wherein R5 is hydrogen. Embodiments of
the present invention include those compounds wherein
R6 is hydrogen or methyl. Embodiments of the present
invention include those compounds wherein R6 is
hydrogen. Embodiments of the present invention include
those compounds wherein R7 is hydrogen or methyl.
Embodiments of the present invention include those
compounds wherein R7 is hydrogen. Embodiments of the
present invention include those compounds wherein Ra
and Rb are independently selected from the group
consisting of hydrogen and C1-3alkyl; or, when Ra and
Rb are each other than hydrogen or C1-6
alkoxycarbonyl, Ra and Rb are optionally taken
together with the nitrogen atomto which they are both
attached to form a five to seven membered monocyclic
ring. Embodiments of the present invention include
those compounds wherein Ra and Rb are independently
hydrogen or methyl. Embodiments of the present
invention include those compounds wherein Ra and Rb
are each hydrogen. Embodiments of the present
invention include those compounds wherein L is O.
Embodiments of the present invention include those
compounds that are present in their RR, SS, RS, or SR
configuration. Embodiments of the present invention
include those compounds that are present in their S,S
configuration. An aspect of the present invention
includes compounds of Formula (Ia):; Formula (Ia)
wherein: R1 is selected from the group consisting of
hydrogen, C1-6alkyl, aryl(C 1-4)alkyl, and
heteroaryl(C i _4)alkyl; wherein the aryl and
heteroaryl portion of aryl(C1-4)alkyl and heteroaryl(C
i . 4)alkyl are optionally substituted with one to
three R11 substituents independently selected from the
group consisting of C1-6alkoxy; heteroaryl optionally
substituted with one to two substituents independently
selectedfrom the group consisting of C1-4alkyl,
C1-4alkoxy, and carboxy; carboxy; C1-
4alkoxycarbonyloxy; C1-4alkoxycarbonyl; aminocarbonyl;
Ci . 4alkylaminocarbonyl; C ecycloalkylaminocarbonyl;
hydroxy(C 1- 6)alkylaminocarbonyl; C6-i
oarylaminocarbonyl wherein C6-i oaryl is optionally 



substituted with carboxy or C-t-4alkoxycarbonyl;
heterocyclylcarbonyl; cyano; halogen;
trifluoromethoxy; and hydroxy; provided that no more
than one R11 is heteroaryl (optionally substituted
with one to two C1-4alkyl substituents);
C6-10arylaminocarbonyl wherein C6-i oaryl is
optionally substituted with carboxy or d
4alkoxycarbonyl; or heterocyclylcarbonyl; R2 is
selected from the group consisting of hydrogen, Ci
^alkyl, hydroxy(C -i_ 4)alkyl, and phenyl(C i
_6)alkoxy(C 1-4)alkyl; wherein said phenyl is
optionally substituted with one to two substituents
independently selected from the group consisting of
C1-3alkyl, C1-3alkoxy, hydroxy, cyano, fluorine,
chlorine, bromine, trifluoromethyl, and
trifluoromethoxy; R3 is one to two substituents
independently selected from the group consisting of
C1-6alkyl, halogen, and aryl; wherein aryl is
optionally substituted with one to three substituents
independently selected from the group consisting of
halogen, carboxy, aminocarbonyl, Ci
.3alkylsulfonylamino, cyano, hydroxy, amino, Ci
_3alkylamino, and (Ci .3alkyl)2amino; R4 is C6-i oaryl
optionally substituted with one to three R4 1
substituents independently selected from the group
consisting of (C1-3)alkyl, (Ci . 6)alkoxy, phenyl(C
1-6)alkoxy; hydroxy; halogen; formylamino;
aminocarbonyl; C-i- alkylaminocarbonyl; (C1-6alkyl)
2aminocarbonyl; heterocyclylcarbonyl wherein
heterocyclyl is a 5-7 membered nitrogencontaining ring
and said heterocyclyl is attached to the carbonyl
carbon via a nitrogen atom; carboxy; and cyano;
provided that no more than one R4 1 substituent is
formylamino, aminocarbonyl, C1- alkylaminocarbonyl,
(C1-6alkyl)2aminocarbonyl, heterocyclylcarbonyl,
hydroxy, carboxy, or a phenyl-containing substituent.
R5 is hydrogen or methyl; Ra and Rb are independently
hydrogen or C1-3alkyl; or, when Ra and Rb are each
other than hydrogen, Ra and Rb are optionally taken
together with the nitrogen atom to which they are both
attached to form a five to seven membered monocyclic
ring; and pharmaceutically acceptable enantiomers,
diastereomers, racemates, and salts thereof. Another
aspect of the present invention is directed to a
compound of Formula (Ia) wherein: R1 is selected from
the group consisting of C6-i oaryl(C 1-4)alkyl,
pyridinyl(C i _ 4)alkyl, and furanyl(C 1-4)alkyl;
wherein C6-i oaryl, pyridinyl, and furanyl are
optionally substituted with one to three R1 1
substituents independently selected from the group
consisting of C1-3alkoxy; tetrazolyl; carboxy; C1-
3alkoxycarbonyl; aminocarbonyl; Ci
^alkylaminocarbonyl; C1- 3alkylaminocarbonyl;
Cs^cycloalkylaminocarbonyl; hydroxy(C i _
4)alkylaminocarbonyl; C6-i oarylaminocarbonyl wherein
C6-i oaryl is optionally substituted with carboxy or
Ci ^alkoxycarbonyl; morpholin-4-ylcarbonyl; cyano;
halogen; and trifluoromethoxy; provided that no more
than one R11 is C6-i oarylaminocarbonyl; R2 is
hydrogen or C^alkyl; R3 is one to two substituents
independently selected from the group consisting of
C1-3alkyl, bromo, and phenyl; wherein phenyl is
optionally substituted withone to three substituents
independently selected from the group consisting of
chloro, fluoro, carboxy, aminocarbonyl, and cyano; R4
is phenyl substituted with one to three R4 1
substituents independently selected from the group
consisting of (Ci _3)alkyl, (Ci .3)alkoxy, phenyl(C-i
. 3)alkoxy, hydroxy, C1-6alkylaminocarbonyl, and
aminocarbonyl; provided that no more than one R4 1 is
aminocarbonyl, C1-6alkylaminocarbonyl, hydroxy, or a
phenyl-containing substituent; R5 is hydrogen; Ra and
Rb are independently hydrogen or methyl; and
pharmaceutically acceptable enantiomers,
diastereomers, racemates, and salts thereof. Another
aspect of the present invention is directed to a
compound of Formula (Ia) wherein: R1 is selected from
the group consisting of phenyl(C 1-3)alkyl,
pyridinyl(C 1-3)alkyl, and furanyl(C 1-3)alkyl;
wherein phenyl, pyridinyl, and furanyl are optionally
substituted with one to three R11 substituents
independently selected from the group consisting of
C1-3alkoxy; tetrazolyl, C3-6cycloalkylaminocarbonyl;
hydroxy(C 1-4)alkylaminocarbonyl; C6-i
oarylaminocarbonyl wherein C -i oaryl is optionally
substituted with carboxy or d^alkoxycarbonyl;
morpholin-4- ylcarbonyl; chloro; fluoro;
trifluoromethoxy; and carboxy; R2 is hydrogen or
methyl; R3 is one to two substituents independently
selected from the group consisting of methyl and
phenyl; wherein phenyl is optionally substituted with
one tothree substituents independently selected from
the group consisting of chloro and carboxy; R4 is
phenyl substituted at the 4-position with hydroxy, Ci
.3alkylaminocarbonyl, or aminocarbonyl, and optionally
substituted with one to two substituents independently
selected from the group consisting of methyl, methoxy,
and benzyloxy; R5 is hydrogen; Ra and Rb are each
hydrogen; and pharmaceutically acceptable enantiomers,
diastereomers, racemates, and salts thereof. Another
embodiment is directed to compounds of Formula (Ib): 



Formula (Ib) wherein in one embodiment of this
invention the variables are as previously defined. In
another embodiment of the present invention L is
oxygen and R1, R2, R3 1, R3-2, R5, Ra, Rb, and R4 1
are dependency selected from the group consisting of:
Table ICpd R2 >3-1 ,3-2 R,'41 Ra / Rb 2-Aminocarbonyl-
2,6-dimethyl-4- 1 phenylmethyl methyl phenyl H H
aminocarbonyl H 2-Cyano-phenyl 2,6-dimethyl-4- 2
methyl methyl phenyl H H aminocarbonyl H
2-Bromo-phenyl 2,6-dimethyl-4- 3 methyl methyl phenyl
H H aminocarbonyl H 3-Carboxy-4- methoxy-phenyl 4
methyl methyl phenyl H H 4-aminocarbonyl H
3-Carboxy-4- methoxy-phenyl 5 methyl H phenyl H H
4-aminocarbonyl H 3-Carboxy-4- methoxy-phenyl
2,6-dimethyl-4- 6 methyl H phenyl H H aminocarbonyl H
3- Methoxycarbonyl- 4-methoxy- 2,6-dimethyl-4- 7
phenylmethyl H phenyl H H aminocarbonyl H
3-(1H-tetrazol-5- yl)-4-methoxy- 2,6-dimethyl-4- 8
phenylmethyl methyl phenyl H H aminocarbonyl H 3-
Methoxycarbonyl- 2,6-dimethyl-4- 9 phenylmethyl methyl
phenyl H H aminocarbonyl H 3-Methoxy carbonyl-
2,6-dimethyl-4- 10 phenylmethyl methyl naphthalen-1-yl
H H aminocarbonyl H 3-Carboxy- 2,6-dimethyl-4- 11
phenylmethyl methyl naphthalen-1-yl H H aminocarbonyl
H 3-Carboxy- 2,6-dimethyl-4- 12 phenylmethyl methyl
4-chlorophenyl Me H aminocarbonyl HCpd R R R 3-1 R 3-2
R 5 R 4 1 Ra / Rb 4-Carboxy- 2,6-dimethyl-4- 13
phenylmethyl methyl naphthalen-1-yl H H aminocarbonyl
H 3-Methoxy-4- carboxy- 2,6-dimethyl-4- 14
phenylmethyl methyl phenyl H H aminocarbonyl H
3,4-Dihydroxy- 2,6-dimethyl-4- 15 phenylmethyl methyl
phenyl H H hydroxy H Piperidin-4-yl 2,6-dimethyl-4- 16
methyl methyl phenyl H H hydroxy H 3-Methoxy
carbonyl-4- methoxy-- 2,6-dimethyl-4- 17 phenylmethyl
methyl phenyl H H aminocarbonyl H 3-Carboxy-4-
methoxy- 2,6-dimethyl-4- 18 phenylmethyl methyl phenyl
H H aminocarbonyl H 3,4-Dimethoxy- 2,6-dimethyl-4- 19
phenylmethyl methyl 3-bromophenyl H H aminocarbonyl H
3,4-Dimethoxy- 2,6-dimethyl-4- 20 phenylmethyl methyl
3-carboxyphenyl H H aminocarbonyl H 3,4-Dimethoxy-
benzyloxy- 2,6-dimethyl-4- 21 phenylmethyl methyl
phenyl H H hydroxy H 3,4-Dimethoxy- 3-aminocarbonyl
2,6-dimethyl-4- 23 phenylmethyl methyl phenyl H H
aminocarbonyl H 3,4-Dimethoxy- 2,6-dimethyl-4- 24
phenylmethyl methyl 3-cyanophenyl H H aminocarbonyl H
2,6-dimethyl-4- 25 lsopropyl H quinoxalin-8-yl Me H
hydroxy H 3,4-Dimethoxy- 2,6-dimethyl-4- 26
phenylmethyl methyl 2-bromophenyl H H aminocarbonyl HR
3-1 R 3-2 Cpd R1 R2 R5 R41 Re7 Rb 3,4-Dimethoxy-
2,6-dimethyl-4- 27 phenylmethyl methyl 2-cyanophenyl H
H aminocarbonyl H 3,4-Dimethoxy- 2-aminocarbonyl
2,6-dimethyl-4- 28 phenylmethyl methyl phenyl H H
aminocarbonyl H 3,4-Dimethoxy- 2,6-dimethyl-4- 29
phenylmethyl methyl 2-carboxyphenyl H H aminocarbonyl
H 3,4-Dibenzyloxy- 2,6-dimethyl-4- 30 phenylmethyl
methyl phenyl H H hydroxy H [1 ,3]benzo 2,6-dimethyl,
4- 31 dioxal-5-yl methyl phenyl H H hydroxy H
4-Methoxy- 2,6-dimethyl-4- 32 phenylmethyl methyl
phenyl H H hydroxy H 



3-Methoxy- 2,6-dimethyl-4- 33 phenylmethyl methyl
phenyl H H hydroxy H 2,4-Dimethoxy- 2,6-dimethyl-4- 34
phenylmethyl methyl phenyl H H hydroxy H
3,4-Dimethoxy- 2,6-dimethyl-4- 35 phenylmethyl H
phenyl H H hydroxy H 4-methylcarbonyl 2,6-dimethyl-4-
36 lsopropyl H phenyl H H hydroxy H 3-fluoro, 4-
2,6-dimethyl-4- 37 lsopropyl H carboxy-phenyl Me H
hydroxy H 2-phenyl- 2,6-dimethyl-4- 38 lsopropyl H
ethylen-1-yl Me H hydroxy H 4-hydroxymethyl
2,6-dimethyl-4- 39 lsopropyl H phenyl Me H hydroxy H
2,6-dimethyl-4- 40 Benzhydryl H phenyl H H hydroxy
HCpd R1 R3-1 3-2 r-,5 R41 Raa /; R' 2,6-dimethyl-4- 4
1 lsopropyl H 4-cyanophenyl Me H hydroxy H
4-trifluoromethyl 2,6-dimethyl-4- 42 Benzyl methyl
phenyl H H aminocarbonyl H 3- trifluoromethoxy
2,6-dimethyl-4- 43 lsopropyl H phenyl Me H hydroxy H
trmuoromethoxy 2,6-dimethyl-4- 44 lsopropyl H phenyl
Me H hydroxy H 3- methanesulfonyl 2,6-dimethyl-4- 45
lsopropyl H aminophenyl Me H hydroxy H 4-(2-
carboxyethyl) 2,6-dimethyl-4- 46 lsopropyl H phenyl Me
H hydroxy H 3-amino-5- 2,6-dimethyl-4- 47 lsopropyl H
carboxyphenyl Me H hydroxy H 3-Carboxy-
2,6-dimethyl-4- 48 phenylmethyl methyl phenyl H H
hydroxy H 4-Carboxy- 2,6-dimethyl-4- 49 phenylmethyl
methyl phenyl H H carboxy H 4-Carboxy- 2,6-dimethyl-4-
50 phenylmethyl methyl phenyl H H aminocarbonyl H
4-Methoxy carbonyl- 2,6-dimethyl-4- 51 phenylmethyl
methyl phenyl H H aminocarbonyl H 3-Methoxy carbonyl-
2,6-dimethyl-4- 52 phenylmethyl methyl phenyl H H
hydroxy HCpd R1 R2 R 3-1 R3-2 R5 R41 Ra / Rb
1-Benzyloxy carbonylpiperadin- 4- 2,6-dimethyl-4- 53
ylmethyl methyl phenyl H H hydroxy H Furan-2-yl
2,6-dimethyl-4- 54 methyl methyl phenyl H H hydroxy H
Furan-3-yl 2,6-dimethyl-4- 55 methyl methyl phenyl H H
hydroxy H Cyclohexyl 2,6-dimethyl-4- 56 methyl methyl
phenyl H H hydroxy H Pyridin-4-yl 2,6-dimethyl-4- 57
methyl methyl phenyl H H hydroxy H 2,6-dimethyl-4- 58
Benzyl methyl 4-chlorophenyl Me H aminocarbonyl H
2,6-dimethyl-4- 59 Benzyl methyl 3-fluorophenyl H H
aminocarbonyl H 2,6-dimethyl-4- 60 lsopropyl H
3-cyanophenyl Me H hydroxy H 2,5- 2,6-dimethyl-4- 61
lsopropyl H difluorophenyl Me H hydroxy H 4-
methanesulfonyl 2,6-dimethyl-4- 62 lsopropyl H phenyl
Me H hydroxy H benzyloxy 2,6-dimethyl-4- 64 Benzyl
methyl phenyl H H aminocarbonyl H 2,6-dimethyl-4- 65
lsopropyl H Br Me H hydroxy H 4-dimethylamino
2,6-dimethyl-4- 66 lsopropyl H phenyl Me H hydroxy
HCpcL R1 "3-1 3-2 R5 R,41 Raa /; R' 3-dimethylamino
2,6-dimethyl-4~ 67 lsopropyl H carbonylphenyl Me H
hydroxy H 2,6-dimethyl-4- 68 lsopropyl H
3-hydroxyphenyl Me H hydroxy H 4-aminocarbonyl
2,6-dimethyl-4- 69 lsopropyl H phenyl Me H hydroxy H 



2,6-dimethyl-4- 70 lsopropyl H 3-chlorophenyl Me H
hydroxy H 2,4- 2,6-dimethyl-4- 71 lsopropyl H
difluorophenyl Me H hydroxy H 3- methanesulfonyl
2,6-dimethyl-4- 72 lsopropyl H phenyl Me H hydroxy H
3-aminocarbonyl 2,6-dimethyl-4- 73 lsopropyl H phenyl
Me H hydroxy H 4-trifluoromethyl 2,6-dimethyl-4- 74
Benzyl methyl phenyl Me H aminocarbonyl H
3,4-Dimethoxy- 2,6-dimethyl-4- 75 phenylmethyl methyl
phenyl H H aminocarbonyl H 2,6-dimethyl-4- 76 Benzyl
methyl 4-fluorophenyl H H aminocarbonyl H
4-Dimethylamino- 2,6-dimethyl-4- 77 phenylmethyl
methyl phenyl H Me hydroxy H 4-Methylamino-
2,6-dimethyl-4- 78 phenylmethyl methyl phenyl H H
hydroxy H 4-Methylcarbonyl amino-phenyl
2,6-dimethyl-4- 79 methyl methyl phenyl H H hydroxy H
4-Carboxy- 2,6-dimethyl-4- 80 phenylmethyl methyl
phenyl H H hydroxy HCpd R1 "3-1 " 33--2.: r-,5 "41 Raa
// oRb' 4-Hydroxy- 2,6-dimethyl-4- 8 1 phenylmethyl
methyl phenyl H H hydroxy H 2,6-dimethyl-4- 83 Benzyl
methyl 4-fluorophenyl H H hydroxy H 2,6-dimethyl-4- 84
lsopropyl methyl 4-fluorophenyl H H hydroxy H hydroxy
2,6-dimethyl-4- 85 lsopropyl methyl phenyl H H
aminocarbonyl H 2,6-dimethyl, 4- 86 lsopropyl H phenyl
H H aminocarbonyl H 3,4-Dichloro- 2,6-dimethyl-4- 87
phenylmethyl H phenyl H H hydroxy H 4-Methylcarbonyl
oxy-phenyl 2,6-dimethyl-4- 88 methyl methyl phenyl H H
hydroxy H 4-Methoxy carbonyl- 2,6-dimethyl-4- 89
phenylmethyl methyl phenyl H H hydroxy H
3-Aminocarbonyl- 2,6-dimethyl-4- 90 phenylmethyl
methyl phenyl H H hydroxy H 3-Cyano-phenyl
2,6-dimethyl-4- 91 methyl methyl phenyl H H hydroxy H
Pyridin-3-yl 2,6-dimethyl-4- 92 methyl methyl phenyl H
H hydroxy H Pyridin-2-yl 2,6-dimethyl-4- 93 methyl
methyl phenyl H H hydroxy H 2,6-dimethyl-4- 94
1-(R)-Phenylethyl H phenyl H H aminocarbonyl HCpd R2
,3-1 R3-2 >41 Ra / Rb 2,6-dimethyl-4- 95
1-(S)-Phenylethyl H phenyl H H aminocarbonyl H
2-Methoxy- 2,6-dimethyl-4- 96 phenylmethyl methyl
phenyl H H hydroxy H 2,6-Dichloro- 2,6-dimethyl-4- 97
phenylmethyl methyl phenyl H H hydroxy H 3-Phenoxy-
2,6-dimethyl-4- 98 phenylmethyl methyl phenyl H H
hydroxy H Naphthalen-1-yl- 2,6-dimethyl-4- 99 methyl
methyl phenyl H H hydroxy H Naphthalen-2-yl-
2,6-dimethyl-4- 100 methyl methyl phenyl H H hydroxy H
3-Bromo-phenyl 2,6-dimethyl-4- 101 methyl methyl
phenyl H H hydroxy H 3,4-Dimethoxy- 2,6-dimethyl-4-
102 phenylmethyl methyl phenyl H H hydroxy H
2,4-Dichloro- 2,6-dimethyl-4- 103 phenylmethyl methyl
phenyl H H hydroxy H 2,6-dimethyl-4- 104 Benzyl
isobutyl phenyl H H hydroxy H 2,6-dimethyl-4- 105
Benzyl benzyl phenyl H H hydroxy H 2,6-dimethyl-4- 106
Benzyl isopropyl phenyl H H hydroxy H 2,6-dimethyl-4-
107 Benzyl H phenyl H H aminocarbonyl H 3-Phenyl
2,6-dimethyl-4- 108 prop-1-yl methyl phenyl H H
aminocarbonyl HCpd R1 R2 R 3-1 R 3-2 R5 R41 Ra / Rb 



2,6-dimethyl-4- 109 2-Phenylethyl methyl phenyl H H
aminocarbonyl H 1-Phenylethyl 2,6-dimethyl-4- 111
diastereomer A methyl phenyl H H aminocarbonyl H
1-Phenylethyl 2,6-dimethyl-4- 112 diasteromer B methyl
phenyl H H aminocarbonyl H 2,6-dimethyl-4- 114 Benzyl
methyl phenyl H H aminocarbonyl H 2,6-dimethyl-4- 115
lsopropyl H 4-biphenyl Me H hydroxy H 2,6-dimethyl-4-
116 lsopropyl H 3-fluorophenyl Me H hydroxy H
2,6-dimethyl-4- 117 lsopropyl H 2-fluorophenyl Me H
hydroxy H hydroxy 2,6-dimethyl-4- 118 lsopropyl methyl
phenyl H H hydroxy H hydroxy 2,6-dimethyl-4- 119 H
methyl phenyl H H hydroxy H 3-(amino methyl) phenyl
2,6-dimethyl-4- 120 lsopropyl methyl phenyl H H
hydroxy H 3-amino carbonyl phenyl 2,6-dimethyl-4- 121
lsopropyl methyl phenyl H H hydroxy H 3-cyano phenyl
2,6-dimethyl-4- 122 lsopropyl methyl phenyl H H
hydroxy HCpd R1 R2 "3-1 3-- 2 D 5 "41 Raa/I Rb
2,6-dimethyl-4- 123 lsopropyl H 4-carboxyphenyl Me H
hydroxy H 2,6-dimethyl-4- 124 lsopropyl H pyridin-3-yl
Me H hydroxy H 2,6-dimethyl-4- 125 lsopropyl H
4-methoxyphenyl Me H hydroxy H 3,5- 2,6-dimethyl-4-
126 lsopropyl H difluorophenyl Me H hydroxy H
2,6-dimethyl-4- 127 Cyclohexyl methyl phenyl H H
aminocarbonyl H 2,6-dimethyl-4- 129 Carboxymethyl H
phenyl H H hydroxy H 3-hydroxymethyl 2,6-dimethyl-4-
130 lsopropyl H phenyl Me H hydroxy H 2,6-dimethyl-4-
131 lsopropyl H pyrimidin-5-yl Me H hydroxy H 132
lsopropyl H pyrimidin-5-yl Me H 4-hydroxy H
2,6-dimethyl-4- 133 lsopropyl H 3-carboxyphenyl Me H
hydroxy H 2,6-dimethyl-4- 134 lsopropyl H 3-biphenyl
Me H hydroxy H 2,6-dimethyl-4- 135 lsopropyl H
2-methoxyphenyl Me H hydroxy H 136 lsopropyl benzyl
phenyl H H 3-aminocarbonyl H 137 lsopropyl isopropyl
phenyl H H 3-aminocarbonyl HCpd .3-1 R3-2 R,41 Raa //
nRb' benzyloxy 2,6-dimethyl-4- 138 lsopropyl methyl
phenyl H H hydroxy H 2,6-dimethyl-4-[2-
(2,6-dimethyl-4- hydroxyphenyl)-
1-aminoethylcarbonxyloxy 139 lsopropyl isobutyl phenyl
H H lphenyl H 2,6-dimethyl-4- 140 lsopropyl isobutyl
phenyl H H hydroxy H 3,5- 2,6-dimethyl-4- 141
lsopropyl H dichlorophenyl Me H hydroxy H
2,6-dimethyl-4- 142 lsopropyl H 3-methoxyphenyl Me H
hydroxy H 2,6-dimethyl-4- 143 lsopropyl methyl phenyl
H H aminocarbonyl H 2,6-dimethyl-4- 145 lsopropyl H
2-biphenyl Me H hydroxy H 2,6-dimethyl-4- 146
lsopropyl H thiophen-3-yl Me H hydroxy H
2,6-dimethyl-4- 147 lsopropyl H 4-chlorophenyl Me H
hydroxy H 3-methylcarbonyl 2,6-dimethyl-4- 148
lsopropyl H aminophenyl Me H hydroxy H
4-trifluoromethyl 2,6-dimethyl-4- 149 lsopropyl H
phenyl Me H hydroxy H 



2,6-dimethyl-4- 150 lsopropyl H naphthalen-2-yl Me H
hydroxy HCpd R1 ,3-1 R3-2 R41 Ra / R 2-trifluoromethyl
2,6-dimethyl-4- 151 lsopropyl H phenyl Me H hydroxy H
152 lsopropyl H thiophen-3-yl Me H 4-hydroxy H 153
lsopropyi H pyridin-3-yl Me H 4-hydroxy H 154
lsopropyl H phenyl Me H 4-hydroxy H 2,6-dimethyl-4-
155 lsopropyl H 2-chlorophenyl Me H hydroxy H
2,6-dimethyl-4- 156 lsopropyl H naphthalen-1-yl Me H
hydroxy H 157 lsopropyl benzyl phenyl H H 3-cyano H
158 lsopropyl benzyl phenyl H H 4-hydroxy H
2,6-dimethyl-4- 159 lsopropyl benzyl phenyl H H
hydroxy H 160 lsopropyl isopropyl phenyl H H 3-cyano H
161 lsopropyl isopropyl phenyl H H 4-hydroxy H
2,6-dimethyl-4- 162 lsopropyl isopropyl phenyl H H
hydroxy H 2,6-dimethyl-4- 163 lsopropyl H
4-fluorophenyl Me H hydroxy H 3,5-bistrifluoromethyl
2,6-dimethyl-4- 164 lsopropyl H phenyl Me H hydroxy Ha
Cpd R1 R2 "3-1 "3-2 R41 Ra /; cRb' 2,6-dimethyl-4- 165
lsopropyl H 2-methylphenyl Me H hydroxy H
2,6-dimethyl-4- 166 lsopropyl H phenyl Me H hydroxy H
2-Dimethylamino- 2,6-dimethyl-4- 167 1-methyl-eth-1-yl
H phenyl H H hydroxy H 168 Methyl isobutyl phenyl H H
3-aminocarbonyl H 169 Methyl isobutyl phenyl H H
3-cyano H 2,6-dimethyl-4- 170 Ethyl isopropyl phenyl H
H hydroxy H 171 Methyl isopropyl phenyl H H 4-hydroxy
H 3-amino carbonyl phenyl 2,6-dimethyl-4- 172 H methyl
phenyl H H hydroxy H 3-cyano phenyl 2,6-dimethyl-4-
173 H methyl phenyl H H hydroxy H 2,6-dimethyl-4- 174
Methyl isobutyl phenyl H H hydroxy H benzyloxy
2,6-dimethyl-4- 175 H methyl phenyl H H hydroxy H
2,6-dimethyl-4- 176 H isobutyl phenyl H H hydroxy H
2,6-dimethyl-4- 177 H benzyl phenyl H H hydroxy HCpd
"3-1 R3-2 ,41 Ra / R 2,6-dimethyI-4- 178 lsopropyl H
phenyl H H aminocarbonyl H 2,6-dimethyl-4-
morpholin-1- 179 Methyl methyl phenyl H H ylcarbonyl H
2,6-dimethyl-4- ethyl 181 Methyl methyl phenyl H H
aminocarbonyl H 2,6-dimethyl-4- methyl 183 Methyl
methyl phenyl H H aminocarbonyl H 185 H isopropyl
phenyl H H 3-aminocarbonyl H 186 H isopropyl phenyl H
H 3-cyano H 2,6-dimethyl-4- 187 H isopropyl phenyl H H
hydroxy H 188 H isopropyl phenyl H H 4-hydroxy H 189
Methyl methyl phenyl H H 4-aminosulfonyl H
2,6-dimethyl-4- 190 Cyclohexyl H phenyl H H hydroxy H
191 Cyclohexyl H phenyl H H 4-hydroxy H Cyclopropyl
2,6-dimethyl-4- 192 methyl H phenyl H H hydroxy H
Cyclopropyl 193 methyl H phenyl H H 4-hydroxy HCpd
-i-2 D 5 " R3-1 3- 41 Raa // Rp>b' 2,6-dimethyl-4- 194
lsopropyl H phenyl H H hydroxy H 195 lsopropyl H
phenyl H H 4-hydroxy H 2,6-dimethyl-4- 196 Methyl
methyl phenyl H H aminocarbonyl H 2,6-dimethyl-4- 



197 Ethyl methyl phenyl H H aminocarbonyl H 198 Methyl
H phenyl H H 4-hydroxy H 2,6-dimethyl-4- 199 Methyl H
phenyl H H hydroxy H 202 Methyl methyl phenyl H H
4-aminocarbonyl H 204 Methyl methyl benzyl H H
4-hydroxy H 2,6-dimethyl-4- 205 Methyl methyl benzyl H
H hydroxy H 2,6-dimethyl-4- 207 Methyl methyl phenyl H
H hydroxy H 2,6-dimethyl-4- 209 H methyl phenyl H H
hydroxy H 211 Methyl methyl phenyl H H 4-hydroxy H 213
H methyl phenyl H H 4-hydroxy H 215 Ethyl methyl
phenyl H H 4-hydroxy HCpd R3-1 ,3-2 R5 41 Raa /; Rb
2,6-dimethyl-4- 216 Ethyl methyl phenyl H H hydroxy H
2,6-dimethyl-4- 218 Benzyl methyl phenyl H H hydroxy H
219 Benzyl methyl phenyl H H 4-hydroxy H
2,6-dimethyl-4- 224 lsopropyl methyl phenyl H H
hydroxy H 225 lsopropyl methyl phenyl H H 4-hydroxy H
2-Carboxy-phenyl 2,6-dimethyl-4- 226 methyl methyl
phenyl H H aminocarbonyl H 3-Carboxy-phenyl
2,6-dimethyl-4- 227 methyl methyl phenyl H H
aminocarbonyl H 2-Bromo-4,5- dimethoxy-
2,6-dimethyl-4- 229 phenylmethyl methyl phenyl H H
aminocarbonyl H 2-Carboxy-4,5- dimethoxy-
2,6-dimethyl-4- 230 phenylmethyl methyl phenyl H H
aminocarbonyl H 3-Carboxy-4- methoxy-phenyl 231 methyl
methyl phenyl H H H H 3-Carboxy-4- methoxy-phenyl 232
methyl methyl phenyl H H 2,6-dimethyl H 3-
Methoxycarbonyl- 4-methoxy- 233 phenylmethyl methyl
phenyl H H 2,6-dimethyl HCpd R1 R2 R 3-1 R 3-2 R5 R41
Ra / Rb 3,4-Dimethoxy- 2,6-dimethyl-4- 234
phenylmethyl methyl phenyl H H imidazol-2-yl H
3,4-Dimethoxy- 236 phenylmethyl methyl phenyl H H
2,6-dimethyl H 3-Carboxy-4- methoxy-phenyl
2,6-dimethyl-4- 237 methyl methyl 4-chlorophenyl H H
aminocarbonyl H 3-Carboxy, 4- methoxy-phenyl
2,6-dimethyl-4- 238 methyl methyl 4-fluorophenyl H H
aminocarbonyl H 3-Carboxy-4- methoxy-phenyl
2,6-dimethyl-4- 239 methyl methyl 4-chlorophenyl Me H
aminocarbonyl H 4-Carboxy-phenyl 2,6-dimethyl-4- 240
methyl methyl 4-chlorophenyl Me H aminocarbonyl H
3-Carboxy-4- methoxy-phenyl 2,6-dimethyl-4- 241 methyl
methyl 4-chlorophenyl Cl H aminocarbonyl H
3-(1tf-tetrazol-5- 2,6-dimethyl-4- 242
yl)-phenylmethyl methyl phenyl H H aminocarbonyl H
3-Carboxy-4- trifluoromethoxy- 2,6-dimethyl-4- 243
phenylmethyl methyl phenyl H H aminocarbonyl H
Bis-3,4- trifluoromethoxy- 2,6-dimethyl-4- 244
phenylmethyl methyl phenyl H H aminocarbonyl H
3-Carboxy-phenyl 2,6-dimethyl-4- 245 methyl methyl
phenyl H H aminocarbonyl H Quinolin-4-yl
2,6-dimethyl-4- 246 methyl methyl phenyl H H hydroxy
HCpd R1 "3-1 R3-2 R,41 Ra / Rb 4-Methoxy naphthalen-1-
2,6-dimethyl-4- 247 ylmethyl methyl phenyl H H hydroxy
H ATrifluoromethoxy- 2,6-dimethyl-4- 248 phenylmethyl
methyl phenyl H H hydroxy H 



4-Trifluoromethyl- 2,6-dimethyl-4- 249 phenylmethyl
methyl phenyl H H hydroxy H 4-lsopropyloxy-
2,6-dimethyl-4- 250 phenylmethyl methyl phenyl H H
hydroxy H 3-Ethoxyphenyl- 2,6-dimethyl-4- 251 methyl
methyl phenyl H H hydroxy H 5- Methoxycarbonyl-
2,6-dimethyl-4- 252 pyridin-2-ylmethyl methyl phenyl H
H aminocarbonyl H 5-Carboxy- 2,6-dimethyl-4- 253
pyridin-2-ylmethyl methyl phenyl H H aminocarbonyl H
6-Carboxy- 2,6-dimethyl-4- 254 pyridin-3-ylmethyl
methyl phenyl H H aminocarbonyl H 6- Methoxycarbonyl-
2,6-dimethyl-4- 255 pyridin-3-ylmethyl methyl phenyl H
H aminocarbonyl H 5-Carboxy- 2,6-dimethyl-4- 256
furan-2-ylmethyl methyl phenyl H H aminocarbonyl H
Methoxycarbonyl- 2,6-dimethyl-4- 257 furan-2-ylmethyl
methyl phenyl H H aminocarbonyl H 3,4-Dimethoxy-
hydroxy 2,6-dimethyl-4- 258 phenylmethyl methyl phenyl
H H aminocarbonyl HCpd R2 R3-1 "3-2 "41 R3 R hydroxy
2,6-dimethyl-4- 259 Benzyl methyl phenyl H H
aminocarbonyl H 3-Carboxy-4- methoxy-phenyl
2,6-dimethyl-4- 260 methyl methyl phenyl H H hydroxy H
3~Carboxy-4- methoxy-phenyl 261 methyl methyl phenyl H
H 4-hydroxy H 3~Carboxy-4- methoxy-phenyl 262 methyl
methyl phenyl H H 4-hydroxy H/ Me 3-Carboxy-4-
methoxy-phenyl 263 methyl H phenyl H H 4-hydroxy H
3-Carboxy-4- methoxy-phenyl 264 methyl H phenyl H H
4-hydroxy H/ Me 3-Carboxy-4- methoxy-phenyl
2,6-dimethyl-4- 265 methyl H phenyl H H hydroxy H 3-
Methoxycarbonyl- 4-methoxy- 266 phenylmethyl methyl
phenyl H H H H 3-(1H-tetrazol-5- 267 yl)-phenylmethyl
methyl phenyl H H 4-aminocarbonyl H 3-
Methoxycarbonyl- 4-methoxy- 2,6-dimethyl-4- 268
phenylmethyl methyl phenyl H H hydroxy H 3- 269
Methoxycarbonyl methyl phenyl H H 4-aminocarbonyl HCpd
R3-1 R33 --2Z D 5 "41 Raa // oRb' 270 3-Carboxy methyl
phenyl H H 4-aminocarbonyl H 3- 2,6-dimethyl-4- 271
Methoxycarbonyl H phenyl H H aminocarbonyl H
2,6-dimethyl-4- 272 3-Carboxy H phenyl H H
aminocarbonyl H 3-Carboxy-4- methoxy- 274 phenylmethyl
methyl phenyl H H 4-benzyloxy H/ Me 3-Carboxy-4-
methoxy- 275 phenylmethyl methyl phenyl H H
4-aminocarbonyl H 277 3-Carboxy-phenyl methyl
4-chlorophenyl Me H 4-aminocarbonyl H 3-
Methoxycarbonyl- 4-methoxy- 279 phenylmethyl methyl
phenyl H H 4-hydroxy H 5- Methoxycarbonyl-
2,6-dimethyl-4- 286 furan-2-ylmethyl methyl phenyl H H
hydroxy H 5-Carboxy-furan- 2,6-dimethyl-4- 287
2-ylmethyl methyl phenyl H H hydroxy H 3-Carboxy-4-
methoxy- 2,6-dimethyl-4- 288 phenylmethyl methyl
3-bromophenyl H H aminocarbonyl H 



3-Carboxy-4- methoxy- 2,6-dimethyl-4- 289 phenylmethyl
methyl 4-iodophenyl H H aminocarbonyl H 3-Carboxy-4-
methoxy- 2,6-dimethyl-4- 290 phenylmethyl methyl
2-bromophenyl H H aminocarbonyl HCpd R1 R2 R 3-1 R3-2
R5 R41 Re7 Rb 3-Carboxy-4- methoxy- 2,6-dimethyl-4-
291 phenylmethyl methyl 4-bromophenyl H H
aminocarbonyl H 3-Carboxy-4- methoxy- 292 phenylmethyl
methyl phenyl H H 2,6-dimethyl H 3-Carboxy-4- methoxy-
met 293 phenylmethyl methyl 4-chlorophenyl hyl H
4-hydroxy H 3-Aminocarbonyl- 4-methoxy 2,6-dimethyl-4-
295 phenylmethyl methyl phenyl H H aminocarbonyl H
3-(Morpholin-4- ylcarbonyl)-4- methoxy 2,6-dimethyl-4-
296 phenylmethyl methyl phenyl H H aminocarbonyl H
-3-Aminocarbonyl- 4-methoxy- 297 phenylmethyl methyl
phenyl H H 4-hydroxy H 3-(Morpholin-4- ylcarbonyl)-4-
methoxy- 298 phenylmethyl methyl phenyl H H 4-hydroxy
H 3-(2-Hydroxy eth-1-ylaminocarbonyl)- 4- methoxy
2,6-dimethyl-4- 299 phenylmethyl methyl phenyl H H
aminocarbonyl H 3-(Cyclopropyl aminocarbonyl)-4-
methoxy- 2,6-dimethyl-4- 300 phenylmethyl methyl
phenyl H H aminocarbonyl HCpd R1 D- R2 R3-1 3-2 r>5
R41 Raa /; R' 3-(Phenylamino carbonyl)-4- methoxy-
2,6-dimethyl-4- 301 phenylmethyl methyl phenyl H H
aminocarbonyl H 5- Methoxycarbonyl- 303
furan-2-ylmethyl methyl phenyl H H 4-aminocarbonyl H
5-Carboxy-furan- 304 2-ylmethyl methyl phenyl H H
4-aminocarbonyl H 3-(Phenylamino carbonyl)-4- methoxy-
2,6-dimethyl-4- 305 phenylmethyl methyl phenyl H H
hydroxy H 3-(3- carboxyphenyl aminocarbonyl)-4-
methoxy- 2,6-dimethyl-4- 306 phenylmethyl methyl
phenyl H H hydroxy H 3-(1H-Tetrazol-5- yl)-4-methoxy-
2,6-dimethyl-4- 307 phenylmethyl methyl phenyl H H
hydroxy H 3-(4- Carboxyphenyl aminocarbonyl)-4-
methoxy- 2,6-dimethyl-4- 308 phenylmethyl methyl
phenyl H H hydroxy H 3-(2-f-Butyltetrazol- 5-yl)-4-
methoxy- 2,6-dimethyl-4- 309 phenylmethyl methyl
phenyl H H aminocarbonyl H 3- Methoxycarbonyl-
4-methoxy- 2,6-dimethyl-4- Methoxy 310 phenylmethyl
methyl phenyl H H aminocarbonyl carbonylR1 R2 R3-1
,3-2 Ri4 1 Ra / R 2- Methoxycarbonyl- 2,6-dimethyl-4-
3 11 pyridin-4-ylmethyl methyl phenyl H H
aminocarbonyl H 4- Methoxycarbonylp 2,6-dimethyl-4-
312 yridin-2-ylmethyl methyl phenyl H H aminocarbonyl
H 6- Methoxycarbonyl- 2,6-dimethyl-4- 



313 pyridin-2-ylmethyl methyl phenyl H H aminocarbonyl
H 3- Methoxycarbonyl- 4-methoxy- 2,6-dimethyl-4-
Methoxy 315 phenylmethyl methyl phenyl H H
aminocarbonyl carbonyl 2-Carboxy-pyridin-
2,6-dimethyl-4- 316 4-ylmethyl methyl phenyl H H
aminocarbonyl H 6-Carboxy-pyridin- 2,6-dimethyl-4- 317
2-ylmethyl methyl phenyl H H aminocarbonyl H
Exemplified compounds of the present invention include
compounds of Formula (Ic): Formula (Ic) wherein in one
embodiment of this invention the variables are as
previously defined. In another embodiment of the
present invention L is O and R1, R2, R3\ R3 2, R5, Ra,
Rb, and R4 1 are dependently selected from the group
consisting of: Table Il Cpd R1 "3-1 ,3-2 D 5 "41 Ra /
Rfc 3,4-Dimethoxy- benzyloxy 2,6-dimethyl-4- 22
phenylmethyl methyl phenyl H H hydroxy H hydroxy
2,6-dimethyl-4- 63 lsopropyl methyl phenyl H H hydroxy
H 2,6-dimethyl-4- 82 lsopropyl methyl 4-fluorophenyl H
H hydroxy H 2,6-dimethyl-4- 110 2-Phenylethyl methyl
phenyl H H aminocarbonyl H 2,6-dimethyl-4- 113 Benzyl
methyl phenyl H H aminocarbonyl H 2,6-dimethyl-4- 128
Cyclohexyl methyl phenyl H H aminocarbonyl H
2,6-dimethyl-4- 144 Methyl methyl phenyl H H
aminocarbonyl H 2,6-dimethyl-4- (morpholin-4- 180
Methyl methyl phenyl H H ylcarbonyl) H 2,6-dimethyl-4-
ethylamino 182 Methyl methyl phenyl H H carbonyl H
2,6-dimethyl-4- methylamino 184 Methyl methyl phenyl H
H carbonyl H 203 Methyl methyl phenyl H H
4-aminocarbonyl H 2,6-dimethyl-4- 206 Methyl methyl
phenyl H H hydroxy HCpd R2 .3-1 "3-2 ,41 Raa /i R'
2,6-dimethyl-4- 208 H methyl phenyl H H hydroxy H 210
Methyl methyl phenyl H H 4-hydroxy H 212 H methyl
phenyl H H 4-hydroxy H 214 Ethyl methyl phenyl H H
4-hydroxy H 2,6-dimethyl-4- 217 Ethyl methyl phenyl H
H hydroxy H 2,6-dimethyl-4- 220 Benzyl methyl phenyl H
H hydroxy H 221 Benzyl methyl phenyl H H 4-hydroxy H
222 lsopropyl methyl phenyl H H 4-hydroxy H
2,6-dimethyl-4- 223 lsopropyl methyl phenyl H H
hydroxy H 3-Carboxy-phenyl 2,6-dimethyl-4- 228 methyl
methyl 4-chloroph 276 3-Carboxy-phenyl methyl
4-chlorophenyl- Me H 4-aminocarbonyl H 3-Carboxy-4-
methoxy- 2,6-dimethyl-4- 278 phenylmethyl methyl
4-chlorophenyl Me H aminocarbonyl HCpd R1 R2 >3-1 "3-2
"41 Raa // Rb' _ Methoxycarbonyl- 4-methoxy-
2,6-dimethyl-4- 280 phenylmethyl methyl phenyl H H
aminocarbonyl H 3- Methoxycarbonyl- 4-methoxy- 281
phenylmethyl methyl phenyl H H 4-aminocarbonyl H
3-Carboxy-4- methoxy- 2,6-dimethyl-4- 282 phenylmethyl
methyl phenyl H H aminocarbonyl H 3-Carboxy-4-
methoxy- 283 phenylmethyl methyl phenyl H H
4-aminocarbonyl H 3-Carboxy-4- methoxy- 294
phenylmethyl methyl 4-chlorophenyl Me H 4-hydroxy H 



6- Methoxycarbonyl- 2,6-dimethyl-4- 314
pyridin-2-ylmethyl methyl phenyl H H aminocarbonyl H
3-Carboxy-4- methoxy- 318 phenylmethyl methyl
4-chlorophenyl H H 4-aminocarbonyl H Another
embodiment is directed to compositions comprised of a
compound of Formula (Id):Formula (Id) wherein in one
embodiment of this invention the variables are as
previously defined. In another embodiment of the
present invention L is oxygen and R1, R2, R3-1 , R3-2
, R5, Ra, Rb, and R4 1 are dependently selected from
the group consisting of: Table III Cpd R1 R2 R 3-1 R
3- R R41 Ra / Rb 3-Carboxy-4- methoxyphenyl 273 methyl
methyl phenyl H H 4-aminocarbonyl H Exemplified
compounds of the present invention include compounds
of Formula (Ie): Formula (Ie) wherein in one
embodiment of this invention the variables are as
previously defined. In another embodiment of the
present invention L is O and R1, R2, R3\ R3 2, R5, Ra,
Rb, and R4 1 are dependently selected from the group
consisting of: Table IV Cpd R1 "3-1 R3-2 >41 Raa //
cRb 3- Methoxycarbonyl- 4-methoxy- 284 phenylmethyl
methyl phenyl H H 4-aminocarbonyl H 3-Carboxy-4-
methoxy- 285 phenylmethyl methyl phenyl H H
4-aminocarbonyl H A further embodiment of the present
invention includes representative compounds shown in
Table V: Table VCACHED MEMORY SYSTEM AND CACHE
CO]SfTROLLER FOR EMBEDDED DIGITAL SIGNAL PROCESSOR
BACK&ROUND I. Field [0001] The present invention
relates generally to electronics, and more
specifically to a cached memory system and a cache
controller for an embedded digital signal processor
(DSP). II. Background [0002] DSPs are specialized
microprocessors that are specifically designed to
execute mathematical computations very rapidly. DSPs
are widely used in a variety of consumer electronic
devices such as cellular phones, personal digital
assistants (PDAs), and so on. For example, a cellular
phone typically includes an application specific
integrated circuit (ASIC) to perform signal processing
for wireless communication, and this ASIC may contain
an embedded microprocessor for general-purpose use and
an embedded DSP to perform computation-intensive
tasks. [0003] Microprocessors and DSPs both use memory
to hold instructions and data, so their performance is
highly dependent o n the characteristics of the memory
system. As microprocessors and DSPs scale upward in
clock speed to meet increasing processing demands, it
is necessary to use a . cached memory system so that
(1) memory accesses do not become a bottleneck and (2)
memory speed does not limit the processor clock speed.
The cache memory system typically includes an external
main memory and one or more cache memories. Cache
memories are small, fast memories located onchip and
close to the processors in order t o store
instructions and data used by these processors. The
fast cache memories improve processing speed because t
e processors can retrieve input data and store results
faster. The main memory is a large, slower memory
located off-chip and stores instructions and data for
the cache memories. [0004] The use of the cached
memory system can cause several problems for the
embedded DSP. First, reception of high-rate input data
is complicated because of overhead needed to determine
whether the data should be stored in the cache
memoriesor the external memory. Second, it may be
difficult to ensure completion of real-time processing
tasks within specified time deadlines. This difficulty
may result when the instructions and/or data needed by
the DSP is not in the cache memories, in which case
the DSP would need to wait for the instructions/data
to be fetched from the external memory. These two
problems are exacerbated when one or more other
processors share the external memory with the DSP, and
the DSP is not guaranteed instant access to the
external memory. [0005] There is therefore a need in
the art for a cached memory system that can address
the problems described above for an embedded DSP.
SUMMARY [0006] A cached memory system that can handle
high-rate input data and ensure that an embedded DSP
can meet real-time constraints is described herein. In
an embodiment, the cached memory system includes a
cache memory located close to a processor core, an
on-chip memory at the next higher memory level, and an
external main memory at the top memory level. A cache
controller handles paging of instructions and data
between the cache memory and the on-chip memory
whenever cache misses are encountered. A direct memory
exchange (DME) controller handles 



user-controlled paging between the on-chip memory and
the external memory. A user/programmer can arrange to
have the instructions and data required by a processor
core to be present in the on-chip memory well in
advance of when the instructions and data are actually
needed by the processor core. This ensures that the
DSP can meet real time constraints even though the DSP
is not guaranteed instant access to the external
memory. [0007] A cache controller that allows two
processing units (e.g., the processor core and a
direct memory access (DMA) controller) to
simultaneously access two memories at two different
levels in the cached memory system is also described
herein. In an embodiment, the cache controller has two
sets of input/output (JJO) ports, two address check
units, and a common hit/miss logic unit. Each address
check unit performs address check for a respective
processing unit to determine whether a target memory
address for a memory access by that processing unit is
currently in the cache memory. The hit/miss logic unit
decides which processing unit gets access to which
memory. Ifthe two processing units desire access to
two memories at two different levels, which is the
most likely scenario for some applications, then the
hit/miss logic unit can accommodate both memory
accesses simultaneously. This capability can
significantly reduce the likelihood of one processing
unit (e.g., the processor core) being stalled whenever
the other processing unit (e.g., the DMA controller)
is accessing memory. [0008] In one aspect, an
integrated circuit (IC) is presented comprising: a
processor core operable to perform data processing for
the integrated circuit; a cache memory operable to
store data for the processor core; and an on-chip
memory operable to store data for the cache memory,
wherein the cache memory is filled with data from the
onchip memory for cache misses, and wherein the
on-chip memory is filled with data from an external
memory under user control. [0009] In another aspect,
an IC is presented comprising: a first processor
operable to perform general-purpose processing for the
integrated circuit; a second processor operable to
perform data processing for the integrated circuit and
including a processor core operable to perform the
data processing, and a first cache memory operable to
store data for the processor core; an on-chip memory
operable to store data for the first cache memory,
wherein the first cache memory is filled with data
from the on-chip memory for cache misses, and wherein
the on-chip memory is filled with data from an
external memory under user control; and a first memory
bus coupling the first and second processors to the
external memory. [0010] In another aspect, an IC is
presented comprising a cache controller operable t o
handle memory transactions for a cache memory and a
second memory at two different levels of a cached
memory system, the cache controller including a first
address check unit coupled to a first processing unit
and operable to determine whether a first memory
address for a first memory access by the first
processing unit is currently in the cache memory, a
second address check unit coupled to a second
processing unit and operable to determine whether a
second memory address for a second memory access by
the second processing unit is currently in the cache
memory, and a logic unit coupled to the first and
second address check units and operable to handle
memory transactions for the first and second memory
accesses by the first and second processing units.
[0011] In another aspect, a method is presented for
handling memory transactions for a cached memory
system, comprising: determining whether a first memory
addressfor a first memory access by a first processing
unit is currently in a cache memory; determining
whether a second memory address for a second memory
access by a second processing unit is currently in the
cache memory; and allowing the first and second
processing units to concurrently access the cache
memory and a second memory, respectively, if the first
processing unit encounters a cache hit and the second
processing unit encounters a cache miss, wherein the
cache memory and the second memory are memories at two
different levels of the cached memory system. BRIEF
DESCRIPTION OF THE DRAWINGS [0012] The features and
nature of the present invention will become more
apparent from the detailed description set forth below
when taken in conjunction with the drawings in which
like reference characters identify correspondingly
throughout and wherein: [0013] FIG. 1 shows a
conventional 2-level cached memory system; [0014] FIG.
2 shows an ASIC with multiple embedded processors and
a single-level cached memory system; [0015] FIG. 3
shows the innovative cached memory system; [0016] FIG.
4 shows an ASIC with multiple embedded processors and
the innovative cached memory system; [0017] FIG. 5
shows a cache controller that can serve two processing
units; [0018] FIG. 6 shows an address checking process
performed by the cache controller in FIG. 5 ; [0019]
FIG. 7 shows a cache controller capable of allowing
two processing units to simultaneously access two
memories at two different levels in the memory system;
[0020] FIG. 8 shows an address checking process
performed by the cache controller in FIG. 7 ; and
[0021] FIG. 9 shows a wireless device in a wireless
communication system. DETAILED DESCRIPTION [0022] The
word "exemplary" is used herein to mean "serving as an
example, instance, or illustration." Any embodiment or
design described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other embodimentsor designs. As used
herein, "off-chip" and "external" refer to a unit
located outside of an integrated circuit (IC), and
"on-chip" refers to a unit located within an IC. An IC
includes one or more IC dies encapsulated within an IC
package, and all units fabricated on the IC die(s) are
considered to be on-chip. As used herein, "data" can
specifically refer to input data (e.g., operands) for
a processor and can also generically refer to any type
of data, depending on the context in which the term is
used. 



[0023] FIG. 1 shows a block diagram of a conventional
2-level cached memory system 100. In memory system
100, a level 1 cache memory 140 is the fastest but
also smallest memory and is located closest to a
processor core 130. A level 2 cache memory 150 is the
next larger but slower memory. A main memory 160 is
the largest but also slowest memory and is typically
located off-chip. Memories 140 through 160 are
typically random access memories (RAMs) and may be
fabricated with the same or different memory
technologies. In general, a cached memory system may
include any number of memory levels. Memory speed
decreases but memory size increases as one moves up
the memory hierarchy. [0024] Cache controllers 142 and
152 handle all memory transactions for cached memory
system 100 to ensure that the correct data is being
accessed at all times by processor core 130. Cache
controllers 142 and 152 also handle retrieval and
storage of instructions/data between different levels
of memories in the cached memory system. Level 1 cache
controller 142 is responsible for filling level 1
cache memory 140 with instructions/data from level 2
cache memory 150. Cache memory 140 is typically filled
with one or more cache lines whenever there is a
"cache miss", which simply means that the
instructions/data needed by processor core 130 is not
present in cache memory 140. A cache memory may be
viewed as a two-dimensional array of memory cells. A
cache line is one line of data in the cache memory and
has a dimension corresponding to the width of the
cache memory array. A cache line is also commonly
referred to as a block. Level 2 cache controller 152
is responsible for paging instructions/data for level
2 cache memory 150 from main memory 160. Cache memory
150 is typically paged with multiple blocks of
instructions/data whenever the instructions/data
needed by processor core 130 are not present in cache
memory 140 or 150. [0025] In general, "filling" and
"paging" are synonymous terms that refer to the
retrieval and storage of instructions/data between
different levels of memories in the cached memory
system. The cache controllers perform paging in a
manner to maintain"cache coherence" (or data
integrity) among the different levels of memories.
Cache coherence refers to the synchronization of the
different levels of memories so that no data is lost.
Data loss can occur, for example, if processor core
130 writes a new value into cache memory 140 and this
value does not get copied to main memory 160 when a
cache line containing the new value in cache memory
140 is replaced by a cache fill. [0026] FIG. 2 shows
an ASIC 200 with multiple embedded processors and a
singlelevel cached memory system. ASIC 200 includes a
microprocessor 210, a DSP 220, and a shared memory bus
258 that couples to an external main memory 260
located outside of ASIC 200. Microprocessor 210
implements a "Harvard" architecture, which uses
separate instruction cache 214a and data cache 214b to
store instructions and data, respectively. An
instruction cache controller 212a and a data cache
controller 212b are responsible for paging
instructions and data back and forth between external
memory 260 and cache memories 214a and 214b,
respectively. [0027] Similarly, DSP 220 includes
separate instruction cache 240a and data cache 240b to
store instructions and data, respectively. An
instruction cache controller 242a and a data cache
controller 242b are responsible for paging
instructions and data for cache memories 240a and
240b, respectively. A program sequencer 228 receives
instructions from instruction cache 240a and directs
the operation of a DSP core 230. DSP core 230 includes
various processing units (e.g., multiply-accumulate
units, arithmetic logic units, and so on) that perform
mathematical computation and other processing for DSP
220. Program sequencer 228 also identifies upcoming
instructions and sends back this information so that
instruction cache controller 242a can check to see if
these instructions are present in instruction cache
240a or need to be retrieved from external memory 260.
[0028] Whenever DSP 220 makes a memory access for
instruction or data, the appropriate cache controller
checks to see if the desired instruction/data is in
the cache. If the answer is 'yes', then a "cache hit"
has occurred, and DSP 220 uses the instruction/data
stored in the cache and continues processing.
Otherwise, if the answer is 'no', then a "cache miss"
has occurred, and DSP 220 is stalled while the cache
controller fetches a cache line containing the desired
instruction or data from external memory 260. Once the
"cache fill" is completed, DSP 220 resumes processing.
For both microprocessor 210 and DSP 220, the cache
controllers maintain cache coherence between their
cache memories and external memory 260.[0029] It is
desirable to have separate cache memories for
microprocessor 210 and DSP 220, as shown in FIG. 2, to
improve the performance of these processors. However,
due to cost constraints and IC pin limitations, the
embedded microprocessor and DSP typically share the
same memory bus 258 and external memory 260, as also
shown in FIG. 2. This forces microprocessor 210 and
DSP 220 to compete for access to external memory 260.
[0030] Processors with a cached memory system, such as
that shown in FIG. 2, are often needed to meet
processing speed requirements of many modern-day
applications such as wireless communication (e.g.,
cellular phone). However, the cached memory system can
create problems for the embedded DSP such as (1)
reception of high-rate input data and (2) completion
of real-time processing tasks within specified time
deadlines, as described below. These problems are more
acute when one or more other processors share the same
memory system with the DSP so that latency (i.e.,
delay) and bandwidth requirements cannot be guaranteed
for the DSP. [0031] An embedded DSP for cellular phone
applications often uses direct memory access (DMA)
channels to receive and/or send DMA data streams. DMA
data is typically real-time high-rate data exchanged
between the DSP and other processing units external to
the DSP. However, DMA data may also be instructions or
other types of data. Multiple DMA channels may be
operated in parallel to allow multiple data streams to
be processed by the DSP at the same time. The cached
memory system complicates reception of a high-rate DMA
data stream via a DMA channel. As the DSP receives
incoming DMA data via the DMA channel, the data cache
controller needs to 



determine whether a buffer used for storing the DMA
data currently resides in the data cache. If this is
the case, then the DSP can simply write the incoming
DMA data into the data cache and proceed onward.
However, if the buffer is currently not in the data
cache, then the DSP has two options for storing the
incoming DMA data. For the first option, the data
cache controller can execute a cache line fill to
bring the buffer from the external memory into the
data cache, and the DSP can then write the incoming
DMA data into the data cache. For the second option,
the DSP can write the incoming DMA data directly to
the buffer in the external memory. [0032] Typically,
the DSP is stalled whenever DMA data is received via
the DMA channels. Furthermore, both of the options
described above rely on the DSP obtaining access to
the external memory via the shared memory bus and
completing the data writebefore new DMA data arrives.
If the DSP shares the memory bus with one or more
other processors, then the DSP typically cannot be
guaranteed instant access to the external memory
because another processor may be using it. If the DSP
cannot gain access to the external memory in time,
then the incoming DMA data may be lost, which i s
highly undesirable. [0033] The cached memory system
also makes it difficult for the DSP to guarantee
completion of real-time processing tasks within
specified time deadlines. Cache memories normally use
"paging-on-demand", which means that instructions and
data are only fetched from the external memory when
they are discovered to be missing in the cache
memories. If the external memory happens t o busy when
a cache miss occurs, then the DSP will be stalled
until the external memory becomes free and can be
accessed by the DSP to complete its cache fill. Thus,
the DSP may not be able to perform/complete processing
on real-time input data due to (1) the wait for the
external memory to become free and/or (2) the overhead
and delay associated with performing a cache fill from
the external memory for a cache miss. Pre-fetch
techniques may be used t o try to fetch the next cache
line in advance and minimize the likelihood of a cache
miss. However, these techniques are often only
partially effective because the cache controllers
normally cannot see very far in advance. [0034] FIG. 3
shows a block diagram of an innovative cached memory
system 300 that can handle high-rate DMA data and
ensure that the DSP can meet real-time constraints.
Memory system 300 includes (1) a cache memory 340
located closest to a processor core 330, (2) an
on-chip memory 350 at the next higher memory level
above cache memory 340, and (3) an external main
memory 360 at the next higher memory level above
on-chip memory 350. A cache controller 342 handles
paging of instructions and data between cache memory
340 and on-chip memory 350 for cache misses, similar t
o the cache memory system described for FIG. 1. A DME
controller 352 handles usercontrolled paging between
on-chip memory 350 and external memory 360. Thus, a
human user/programmer takes care of paging
instructions and data between external memory 360 and
on-chip memory 350 via DME controller 352. [0035]
Cached memory system 300 utilizes a different type of
memory level in the memory hierarchy than cached
memory system 100. This is because on-chip memory 350
is different from a conventional level 2 cache memory.
One advantage of cached memory system 300 is that the
user/programmer can arrange to have the
instructionsand data required by processor core 330 to
be present in on-chip memory 350 well in advance of
when they are actually needed by the processor core. A
conventional level 2 cache controller would only fetch
instructions and data if and when they are needed by
the processor core, and the processor core is stalled
while the instructions/data are fetched from the
external memory. Cached memory system 300 can thus
ensure that the DSP can meet real-time constraints
even though it may not have guaranteed access and
bandwidth to external memory 360. [0036] FIG. 3 also
shows the storage of high-rate DMA data to the
memories within cached memory system 300. A DMA
controller 344 receives incoming data via one or more
DMA channels and can store the data to either cache
memory 340 or on-chip memory 350, depending on where
the buffer for the data is currently located. The
incoming data does not need to be stored to external
memory 360, which avoids data loss due to a busy
external memory. DMA controller 344 also operates with
cache controller 342 to maintain cache coherence, but
this is not shown in FIG. 3 for simplicity. An
exemplary ASIC design using cached memory system 300
is described below. [0037] FIG. 4 shows an ASIC 400
with multiple embedded processors and the cached
memory system shown in FIG. 3. ASIC 400 includes a
microprocessor 410, a DSP 420, an on-chip
instruction/data memory 450, and a shared memory bus
458 that couples to an external main memory 460.
Microprocessor 410 may implement the Harvard
architecture for its cache memories, as described
above for microprocessor 210 in FIG. 2. [0038] For the
embodiment shown in FIG. 4, DSP 420 includes an
instruction cache 440a that stores instructions and N
data caches 440b through 44Ox that store data for the
DSP. In general, N may be any integer one or greater
(e.g., N = 2 or 3). An instruction cache controller
442a is responsible for paging instructions back and
forth between onchip memory 450 and instruction cache
440a, and a data cache controller 442b is responsible
for paging data between on-chip memory 450 and data
caches 440b through 44Ox. DSP 420 also includes a
program sequencer 428 and a DSP core 430 that operate
as described above for FIG. 2. [0039] The cached
memory system for DSP 420 is composed of (1)
instruction and data caches 440 for level 1 cache
memories, (2) on-chip memory 450 for the next higher
level memory, and (3) external memory 460 for the
topmost level memory. (Thenumeral "440" can refer to
any one, any combination, or all of caches 440a
through 44Ox, depending on the context in which it is
used.) Caches 440 are filled with instructions/data
from on-chip memory 450, and on-chip memory 450 is
filled with instructions/data from external memory
460. On-chip memory 450 may be implemented as a RAM or
some other type of memory. On-chip memory 450 may also
be of any size and dimension. In an embodiment,
on-chip memory 450 is dimensioned 



with the same width as level 1 caches 440 to
facilitate data transfers. On-chip memory 450 may be
implemented as either an embedded memory (i.e.,
fabricated on the same IC die as DSP 420) or a stacked
memory (i.e., fabricated on a different IC die than
DSP 420). On-chip memory 450 can store instructions
and data for caches 440, exchange instructions/data
with external memory 460 under user/programmer
control, and store high-rate DMA data, as described
below. [0040] DSP 420 further includes an internal
memory bus 448 that couples instruction cache
controller 442a, data cache controller 442b, and a DMA
controller 444 to on-chip memory 450. Memory bus 448
facilitates paging of instructions and data between
on-chip memory 450 and caches 440. Memory bus 448
further facilitates storage of DMA- data from DMA
controller 444 to on-chip memory 450. Memory bus 448
may be designed as a high-capacity bus to provide high
bandwidth for data transfers and to ensure easy
accessibility of on-chip memory 450. In an embodiment,
memory bus 448 is implemented with a width that is
equal to a cache line for caches 440. However, other
memory bus widths may also be used. A bus arbiter 446
arbitrates the use of memory bus 448 among the DMA and
cache controllers. [0041] Cache controllers 442a and
442b can page caches 440 from on-chip memory 450 with
little overhead. For example, if on-chip memory 450,
memory bus 448, and the buses for cache controllers
442a and 442b have widths of one cache line, then a
cache line fill for instruction cache 440a or any one
of data caches 440b through 44Ox may be performed in
as little as one clock cycle. The latency for a cache
fill is thus bounded and not dependent on
accessibility of the shared memory bus 458 and
external memory 460. [0042] DMA controller 444 couples
to cache controllers 442a and 442b and internal memory
bus 448. DMA controller 444 has L DMA channels that
can receive high-rate DMA data from other processing
units external or internal to ASIC 400. In general, L
can be any integer one or greater. DMA controller 444
handles the storage of DMAdata received via the DMA
channels to either caches 440 or on-chip memory 450.
Whenever a DMA sample (or a group of DMA samples) is
received via a DMA channel, DMA controller 444
ascertains whether the sample(s) should be stored in
instruction cache 440a or one of the data caches 440b
through 44Ox, determines the memory address for the
DMA sample(s), and provides the address to the
appropriate cache controller. Each cache controller
442 maintains a cache tag RAM that stores the line
addresses of all lines of on-chip memory 450 currently
stored in the cache memory/ memories under its
control. The queried cache controller 442 checks its
cache tag RAM to see if the cache line being accessed
by DMA controller 444 is currently in cache 440. If
the answer is 'yes', then DMA controller 444 provides
the DMA sample(s) to cache controller 442, which then
writes the sample(s) into cache 440. Otherwise, if the
cache line being accessed is not in cache 440, then
DMA controller 444 provides the DMA sample(s) via
internal memory bus 448 for storage in on-chip memory
450. [0043] On-chip memory 450 ensures that DMA
transfers are not stalled and DMA data is not lost.
This is because DSP 420 can always write the DMA data
into on-chip RAM 450 rather than external memory 460,
which is shared with microprocessor 410. On-chip RAM
450 has guaranteed bandwidth and bounded latency. The
process of checking the cache tag RAM for each DMA
transfer ensures cache coherency between caches 440
and on-chip RAM 450. [0044] A DME controller 452
handles paging of instructions and data between onchip
memory 450 and external memory 460. For the embodiment
shown in FIG. 4, DME controller 452 couples to shared
memory bus 458 and to one DMA channel of DMA
controller 4-44. DME controller 452 may be programmed
by the user/ programmer to page blocks of
instructions/data between on-chip memory 450 and
external memory 460. Each DME transfer passes through
DMA controller 444, which performs the cache tag
checking process to ensure cache coherence between
on-chip memory 450 and caches 440 for the DME
transfer. [0045] With on-chip memory 450 and DME
controller 452, DSP 420 can meet real time constraints
since latency for cache fills can be bounded. Unlike a
conventional level 2 cache memory that is under the
(automatic) control of a level 2 cache controller,
which pages instruction/data on-demand for cache
misses, DME controller 452 can be controlled and
scheduled by the user/programmer to bring blocks of
instructions/data from external memory 460 into
on-chip memory 450 well in advance of when they
areneeded. Having the user/programmer act as an
anticipatory cache controller means that the level 1
caches 440 will always find the instructions and data
they need in on-chip memory 450. The worst-case
latency for a cache fill of any level 1 cache 440 is
then determined by the transfer between on-chip memory
450 and the cache 440 and is not dependent on the
availability of shared memory bus 458 and external
memory 460 at the time of the cache fill. The transfer
between on-chip memory 450 and any cache 440 can be
quite fast, as described above. By bounding the
worst-case latency in this manner, the user/programmer
can ensure that the DSP can meet real-time
constraints. [0046] FIG. 4 represents a specific
implementation of the cached memory system shown in
FIG. 3. In general, this cached memory system may be
implemented in various manners, with any number of
cache memories for instructions/data, using various
types and combinations of controllers, and so on.
Moreover, the memories and controllers may be coupled
in various manners, which may be different from that
shown in FIG. 4. For example, the DME controller may
couple directly to the instruction and data cache
controllers instead of to the DMA controller. [0047]
FIG. 5 shows an embodiment of a cache controller 442x,
which may be used for instruction cache controller
442a or data cache controller 442b in FIG. 4. For this
embodiment, cache controller 442x includes a
multiplexer 510, a cache arbiter 512, and a control
unit 520. Multiplexer 510 couples to DSP core 430 and
DMA controller 444 and facilitates memory transactions
for these two units. Cache arbiter 512 receives memory
access requests from DSP core 430 and DMA controller
444, controls access to cache controller 442x, and
decides whether DSP core 430 or DMA controller 444 can



obtain access to cache controller 442x if there is
contention. For simplicity, FIG. 4 shows DSP core 430
being coupled directly to data caches 440b though
44Ox. In actuality, DSP core 430 couples to data
caches 440 via data cache controller 442b. [0048]
Control unit 520 performs address checking for all
memory accesses of cache memory 440 to ensure that the
correct data is being accessed at all times. Within
control unit 520, a cache tag RAM 524 keeps track of
which lines in the on-chip memory are currently stored
in cache memory 440. Cache tag RAM 524 stores a table
that contains a tag for each of the cache line in
cache memory 440. The tag for each cache line
indicates the specific line i the on-chip memory being
stored in cache memory 440 for that cache line.[0049]
The size of a cache memory is typically much smaller
than the size of the on-chip memory. Consequently,
there are many possible lines in the on-chip memory
that may be mapped to each line in the cache memory.
As an example, the on-chip memory may be 256k words in
size, and the cache memory may be 4k words in size. A
full address for the on-chip memory would then contain
18 bits. If each cache line contains 8 words, then the
on-chip memory would contain 215 lines and the cache
memory would contain 29 or 512 lines. Each line in the
cache memory can be identified by a 9-bit cache line
address. For a direct mapped cache structure, each
line in the onchip memory can be mapped to only one
line in the cache memory, and each line in the cache
memory is associated with a 6-bit tag that identifies
the specific one of the 2 possible lines in the
on-chip memory that i s currently stored in the cache
memory for that cache line. For an M-way set associate
cache structure, each line in the on-chip memory can
be mapped to any one of Mpossible lines in the cache
memory. [0050] FIG. 6 shows a flow diagram of an
address checking process 600 performed by cache
controller 442x to determine whether a given memory
address being accessed (the "target" memory address)
is currently i n cache memory 440. One processing unit
(either DSP core 430 or DMA controller 44-4) is
selected for access by cache arbiter 512 (block 610).
A target memory address is received from the selected
processing unit by cache controller 442x (block 612)
and parsed to obtain a target tag and a cache line
address (block 614). For the example described above
with the direct mapped cache structure, an 18-bit
target memory address can be parsed into (1) a 6-bit
target tag formed by the 6 most significant bits of
the target memory address and (2) a 9-bit cache line
address formed by the 9 next most significant bits of
the target memory address. The tag stored in cache tag
RAM 524 for the cache line address is retrieved (block
616). The stored tag is then compared against the
target tag (block 618). If the two tags are equal
(i.e., the answer is 'yes' for block 620), then a
cache hit is declared (block 622). Otherwise, a cache
miss is declared (block 624). Multiple tags may be
retrieved from cache tag RAM 524 and compared against
the target tag for the M-way set associate cache
structure. [0051] Referring back to FIG. 5, cache tag
RAM 524 stores the tag for each cache line in cache
memory 440 and is continually updated whenever any
cache line in cache memory 440 is replaced. An address
parser 522 receives the target memory address from DSP
core 430 or DMA controller 4-44 for a memory access,
parses the targetmemory address to obtain the target
tag and the cache line address, provides the cache
line address to cache tag RAM 524, and provides the
target tag to a comparator 526. Cache tag RAM 524
provides the stored tag for the cache line address.
Comparator 526 compares the stored tag against the
target tag and indicates a cache hit if the tags are
equal and a cache miss if they are different. Cache
tag RAM 524 may be accessed multiple times if the
cached memory system implements the M-way set
associate cache structure. In any case, cache tag RAM
524- is accessed for every memory transaction in the
cached memory system. [0052] Hit/miss logic unit 528
handles access of cache memory 440 if there is a cache
hit. If the memory access is a read, then cache memory
440 is accessed to read the instruction/data stored at
the target imemory address. If the memory access is a
write, then cache memory 440 is written at the target
memory address and a cache "dirty bit" is updated to
indicate that the cache line has been written to, so
that the line will be written back to on-chip memory
450 (which is the next higher level memory) when the
line is replaced. Hit/miss logic unit 528 also directs
a cache fill of cache memory 440 from on-chip memory
450 if there is a cache miss. In this case, DSP core
430 and/or DMA controller 444 are stalled while time
target cache line is filled from on-chip memory 450
and cache tag RAM 524 i s updated to reflect the new
line in cache memory 440. [0053] Cache controller 442x
maintains coherence between cache memory 440 (a level
1 cache memory) and on-chip memory 450 (the next
higher level memory). Cache controller 442x uses its
cache tag RAM 524 to mark which lines are resident in
cache memory 440 at any given moment and which lines
need to be written back to on-chip memory 450 for a
cache fill. Having both DSP core 430 and DMA
controller 444 go through the same cache controller
442x ensures cache coherency. However, since cache
controller 442x can serve only one processing unit at
a time, DSP core 430 is stalled whenever DMA
controller 444 accesses cache memory 440 or on-chip
memory 450. [0054] Cache hit rates for DSP core 430
are typically on the order of 99%, so it is very
likely that the DSP core desires access to cache
memory 440. DMA data storage is typically handled
using double buffers, which means that the incoming
DMA data is written to one buffer (the "current"
buffer) and the DMA data stored in another buffer (a
"filled" buffer) is processed by the DSP. Thus, DSP
core 430 should not be accessing the same buffer that
DMA controller 444 is writing to (due to
synchronizationdifficulties). Furthermore, it is very
likely that the current buffer is not resident in
cache memory 440 and that DMA controller 444 desires
access to on-chip memory 450. Since the most common
case is for DSP core 430 to access cache memory 440
and for DMA controller 444 to access on-chip memory
450, a cache controller may be designed to allow both
accesses to occur simultaneously to minimize stalling
the DSP core for DMA memory accesses. [0055] FIG. 7
shows an embodiment of a cache controller 442y, which
allows two 



processing units to simultaneously access two memories
at two different levels in the cached memory system.
Cache controller 442y may also b e used for
instruction cache controller 442a or data cache
controller 442b in FIG. 4. For this embodiment, cache
controller 442y has two sets of I/O ports 710a and
710b, two address check units 720a and 720b, and a
common hit/miss logic unit 728. Cache controller 442y
interfaces with DSP core 430 via I/O ports 710a and
with DMA controller 444 via I/O ports 710b. Address
check unit 720a performs address check for E>SP core
430 to determine whether a target memory address for a
memory access by the DSP core is currently in cache
memory 440. Similarly, address check unit 720b
performs address check for DMA controller 444 to
determine whether a target memory address for a memory
access by the DMA controller is currently in cache
memory 440. [0056] Each address check unit 720
includes an address parser 722, a cache tag RAM 724,
and a comparator 726. For each address check unit 720,
address parser 722 receives and parses the target
memory address from the associated processing unit
(either DSP core 430 or DMA controller 444) into the
target tag and the cache line address. Cache tag RAM
724 provides the stored tag for the cache line
address. Comparator 726 compares the stored tag
against the target tag and provides the comparison
result to hit/miss logic unit 728. [0057] Hit/miss
logic unit 728 includes a cache arbiter that decides
which processing unit gets access to which memory. For
the most common scenario, DSP core 430 desires access
to cache memory 440 and DMA controller 444 desires
access to on-chip memory 450. This event is indicated
by DSP core 430 encountering a cache hit and DMA
controller 444 encountering a cache miss for the same
access cycle. In this case, hit/miss logic unit 728
can accommodate both memory accesses simultaneously,
so that DSP core 430 can access cache memory 440 and
DMA controller 444 can accesson-chip memory 450 in the
same cycle. This capability can significantly reduce
the frequency/likelihood of the DSP core stalling due
toDMA memory accesses. [0058] Hit/miss logic unit 728
also handles contention between DSP core 430 and DMA
controller 444. For example, if both DSP core 430 and
DMA controller 444 desire access to the same memory,
then hit/miss logic unit 728 may allow one of the
processing units to access the memory and stall the
other processing unit. If DSP core 430 desires access
to cache memory 440 but encounters a cache miss, then
hit/miss logic unit 728 may stall one or both
processing units. These two scenarios are typically
low probability events so performance is not severely
impacted by these events. [0059] Hit/miss logic unit
728 also maintains cache tag RAMs 724a and 724b for
address check units 720a and 720b, respectively. Cache
tag RAMs 724a and 724b may be accessed independently
but are updated simultaneously. Hit/miss logic unit
728 updates both cache tag RAMs 724a and 724b whenever
the contents of cache memory 440 are updated, so that
the cache tag RAMs are current and synchronized with
the cache. Whenever a processing unit encounters a
cache miss, hit/miss logic unit 728 may stall both
processing units in order to fill cache memory 440 and
update cache tag RAMs 724a and 724b. [0060] FIG. 8
shows a flow diagram of a process 800 performed by
cache controller 442y for concurrent memory accesses
by DSP core 430 and DMA controller 444. In process
800, blocks 810a and 810b are performed by address
check units 720a and 720b, respectively, and block 820
is performed by hit/miss logic unit 728. For each of
blocks 810a and 810b, a target memory address i s
received from the associated processing unit (block
812) and parsed to obtain a target tag and a cache
line address (block 814). The tag stored in the cache
tag RAM for the cache line address is retrieved (block
816) and compared against the target tag (block 818).
The results of the comparison for both blocks 810a and
810b are provided to hit/miss logic unit 728. [0061]
For block 820, if a cache hit is declared for one
processing unit (e.g., the DSP core) and a cache miss
is declared for the other processing unit (e.g., the
DMA controller) (i.e., the answer is 'yes' for block
822), then one unit is allowed to access the cache
memory and the other unit is allowed to access the
on-chip memory (block 824). Otherwise, if cache hits
are declared for both processing units (i.e., the
answer is 'yes' for block 826), then one processing
unit is selected to access the cache memory and the
other processing unit is stalled. Otherwise, if cache
misses are declared for bothprocessing units (i.e.,
the answer is 'no' for block 826), then either (1) one
processing unit is allowed to access the on-chip
memory or (2) both processing units are stalled to
perform a cache fill of the cache memory (block 830).
[0062] Cache controller 442y can provide improved
performance over a conventional cache controller with
a single address check unit. The conventional cache
controller would normally stall the DSP core whenever
the DMA controller accesses the memory. The DMA data
rate may be a significant fraction of the DSP clock
rate for many applications (e.g., image and video
processing, 3-D gaming, and so on, for cellular
phones). For the conventional cache controller, the
high-rate DMA would cause the DSP core to stall and
remain idle for a large fraction of the time. DMA
memory accesses would then represent a large overhead
for the DSP core, and a significant portion of the DSP
processing capability would be wasted in stalls due to
DMA. In contrast, with cache controller 442y, both DSP
core 430 and DMA controller 444 can be served
simultaneously via two I/O ports 710a and 710b, two
address check units 720a and 720b, and hit/miss logic
unit 728 that support parallel accesses to level 1 and
2 memories. A large portion of the overhead for the
DSP core can thus be avoided. [0063] The innovative
cached memory system and cache controller described
herein may be used for various applications including
wireless communication, computing, networking,
personal electronics, and so on. An exemplary use for
wireless communication is described below. [0064] FIG.
9 shows a block diagram of a wireless device 900 in a
wireless communication system. Wireless device 900 may
be a cellular phone, a handset, a terminal, a mobile
station, or some other devices or designs. The
wireless communication system may be a Code Division
Multiple Access (CDMA) system, a 



Global System for Mobile Communications (GSM) system,
a multiple-input multipleoutput (MIMO) system, an
orthogonal frequency division multiplexing (OFDM)
system, an orthogonal frequency division multiple
access (OFDMA) system, and so on. Wireless device 900
is capable of providing bi-directional communication
via a receive path and a transmit path. [0065] For the
receive path, signals transmitted by base stations in
the system are received by an antenna 912, routed
through a duplexer (D) 914, and provided to a receiver
unit (RCVR) 916. Receiver unit 916 conditions (e.g.,
filters, amplifies, and frequency downconverts) the
received signal, digitizes the conditioned signal,
andprovides data samples to an ASIC 920 for further
processing. For the transmit path, data to be
transmitted from wireless device 900 is provided by
ASIC 920 to a transmitter unit (TMTR) 918. Transmitter
unit 918 conditions (e.g., filters, amplifies, and
frequency upconverts) the data and generates a
modulated signal, which is routed through duplexer 914
and transmitted via antenna 912 to the base stations.
[0066] ASIC 920 includes various units such as, for
example, a microprocessor 922, a DSP 924, an on-chip
memory 926, a shared memory bus 928, and an internal
controller 930. Microprocessor 922 may be used for
general-purpose processing. DSP 924 may perform data
processing for the transmit path (e.g., encoding,
interleaving, modulation, code channelization,
spectral spreading, filtering, and so on). DSP 924 may
also perform data processing for the receive path
(e.g., filtering, despreading, channelization,
demodulating, deinterleaving, decoding, and so on).
These various operations are known in the art. The
specific processing to be performed by DSP 924 is
dependent on the communication system. On-chip memory
926 provides data for the cache memories within DSP
924. Shared memory bus 928 interfaces microprocessor
922 and DSP 924 with other units external to ASIC 920.
Internal controller 930 controls the operation of
various processors within ASIC 920. [0067] Controller
950 controls the operation of ASIC 920 and other units
within wireless device 900 (not shown in FIG. 9 for
simplicity). Memory unit 952 stores program code and
data used by controller 950. [0068] FIG. 9 shows an
exemplary design of a wireless device in which the
innovative cached memory system and cache controller
described herein may be used. The cached memory system
and cache controller may also be used in other
electronic devices. [0069] The innovative cached
memory system and cache controller described herein
may be implemented in various hardware units. For
example, the cached memory system and cache controller
may be implemented in an ASIC, a digital signal
processing device (DSPD), a programmable logic device
(PLD), a field programmable gate array (FPGA), a
controller, a processor, and other electronic units.
[0070] The previous description of the disclosed
embodiments is provided to enable any person skilled
in the art to make or use the present invention.
Various modifications to these embodiments will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
other embodiments withoutdeparting from the spirit or
scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown
herein but is to be accorded the widest scope
consistent with the principles and novel features
disclosed herein. WHAT IS CLAIMED IS:CLAIMS 1. An
integrated circuit (IC) comprising: a processor core
operable to perform data processing for the integrated
circuit; a cache memory operable to store data for the
processor core; and an on-chip memory operable to
store data for the cache memory, wherein the cache
memory is filled with data from the on-chip memory for
cache misses, and wherein the on-chip memory is filled
with data from an external memory under user control.
2. The integrated circuit of claim 1, further
comprising: a cache controller operable to handle
memory transactions for the cache memory. 3. The
integrated circuit of claim 2, further comprising: a
direct memory exchange (DME) controller operable to
handle data transfers between the on-chip memory and
the external memory. 4. The integrated circuit of
claim 3, wherein the DME controller further operates
with the cache controller to maintain data integrity
for the cache memory. 5. The integrated circuit of
claim 2, further comprising: a direct memory access
(DMA) controller operable to handle storage of DMA
data received via at least one DMA channel to the
cache memory or the on-chip memory. 6. The integrated
circuit of claim 5, wherein the DMA controller further
operates with the cache controller to maintain data
integrity for the cache memory. 7. The integrated
circuit of claim 5, further comprising:a direct memory
exchange (DME) controller operable to handle data
transfers between the on-chip memory and the external
memory, wherein the DME controller couples to the DMA
controller via one DMA channel. 8. The integrated
circuit of claim 5, further comprising: an internal
memory bus coupling the on-chip memory, the cache
controller, and the DMA controller. 9. The integrated
circuit of claim 8, wherein the internal memory bus
has a width that is equal to a line in the cache
memory. 10. The integrated circuit of claim 1, wherein
the cache memory and the onchip memory are fabricated
on same integrated circuit die. 11. The integrated
circuit of claim 1, wherein the cache memory and the
onchip memory are fabricated on different integrated
circuit dies encapsulated within an IC package for the
integrated circuit. 12. A wireless apparatus
comprising: an integrated circuit including 



a processor core operable to perform data processing,
a cache memory operable to store data for the
processor core, and an on-chip memory operable to
store data for the cache memory; and an external
memory operable to store data for the on-chip memory,
wherein the cache memory is filled with data from the
on-chip memory for cache misses, and wherein the
on-chip memory is filled with data from the external
memory under user control. 13. The integrated circuit
of claim 12, further comprising: a direct memory
access (DMA) controller operable to handle storage of
DMA data received via at least one DMA channel to the
cache memory or the on-chip memory.14. An integrated
circuit comprising: a first processor operable to
perform general-purpose processing for the integrated
circuit; a second processor operable to perform data
processing for the integrated circuit and including a
processor core operable to perform the data
processing, and a first cache memory operable to store
data for the processor core; an on-chip memory
operable to store data for the first cache memory,
wherein the first cache memory is filled with data
from the on-chip memory for cache misses, and wherein
the on-chip memory is filled with data from an
external memory under user control; and a first memory
bus coupling the first and second processors to the
external memory. 15. The integrated circuit of claim
14, wherein the second processor further includes a
second cache memory operable to store instructions for
the processor core, and wherein the second cache
memory is filled with instructions from the on-chip
memory for cache misses. 16. The integrated circuit of
claim 15, wherein the second processor further
includes a first cache controller operable to handle
memory transactions for the first cache memory, a
second cache controller operable to handle memory
transactions for the second cache memory, a direct
memory access (DMA) controller operable to handle
storage of DMA data received via at least one DMA
channel to the first cache memory, the second cache
memory, or the on-chip memory, and a direct memory
exchange (DME) controller operable to handle data
transfers between the on-chip memory and the external
memory.17. The integrated circuit of claim 16, wherein
the DMA controller and the DME controller further
operate with the first and second cache controllers to
maintain data integrity for the first and second cache
memories. 18. The integrated circuit of claim 16,
wherein the second processor further includes a second
memory bus coupling the on-chip memory, the first and
second cache controllers, and the DMA controller, and
wherein the DME controller couples to the DMA
controller via one DMA channel. 19. An integrated
circuit comprising a cache controller operable to
handle memory transactions for a cache memory and a
second memory at two different levels of a cached
memory system, the cache controller including a first
address check unit coupled to a first processing unit
and operable to determine whether a first memory
address for a first memory access by the first
processing unit is currently in the cache memory, a
second address check unit coupled to a second
processing unit and operable to determine whether a
second memory address for a second memory access by
the second processing unit is currently in the cache
memory, and a logic unit coupled to the first and
second address check units and operable to handle
memory transactions for the first and second memory
accesses by the first and second processing units. 20.
The integrated circuit of claim 19, wherein the logic
unit is operable to allow the first processing unit to
access the cache memory and the second processing unit
to access the second memory, concurrently, if the
first processing unit encounters a cache hit and the
second processing unit encounters a cache miss. 21.
The integrated circuit of claim 19, wherein each of
trie first and second address check units includes an
address parser operable to parse the first or second
memory address to obtain a target tag and a cache line
address,a cache tag RAM operable to provide a stored
tag fox the cache line address, the stored tag
indicating a line in an external memory currently
stored in the cache memory at the cache line address,
and a comparator operable to compare the target tag
against the stored tag and provide an indication of a
cache miss or a cache hit for the first or second
memory address. 22. The integrated circuit of claim
21, wherein the first and second address check units
are operated independently. 23. The integrated circuit
of claim 22, wherein the cache tag RAMs for the first
and second address check units are updated
concurrently whenever the cache memory is filled with
data from the second memory. 24. The integrated
circuit of claim 19, wherein the cache controller
further includes a first set of input/output (I/O)
ports for interface to the first processing unit, and
a second set of I/O ports for interface to the second
processing unit. 25. The integrated circuit of claim
19, wherein trie cache memory is a level 1 memory and
the second memory is a level 2 memory in the cached
memory system. 



26. The integrated circuit of claim 19, wherein the
second memory is an onchip memory, wherein the cache
memory is filled with data from the on-chip memory for
cache misses, and wherein the on-chip memory is filled
with data from an external memory under user control.
27. The integrated circuit of claim 19, wherein the
first processing unit is a processor core and the
second processing unit is a direct memory access (DMA)
controller. 28. A method of handling memory
transactions for a cached memory system,
comprising:determining whether a first memory address
for a first memory access by a first processing unit
is currently in a cache memory; determining whether a
second memory address for a second memory access by a
second processing unit is currently in the cache
memory; and allowing the first and second processing
units to concurrently access the cache memory and a
second memory, respectively, if the first processing
unit encounters a cache hit and the second processing
unit encounters a cache miss, wherein the cache memory
and the second memory are memories at two different
levels of the cached memory system. 29. The method of
claim 28, wherein the determining for each of the
first and second memory addresses includes parsing the
memory address to obtain a target tag and a cache line
address, obtaining a stored tag from a cache tag RAM
for the cache line address, the stored tag indicating
a line in an external memory currently stored in the
cache memory at the cache line address, and comparing
the target tag against the stored tag to determine
whether the memory address is currently in the cache
memory. 30. The method of claim 29, further
comprising: updating first and second cache tag RAMs,
used to determine whether the first and second memory
addresses are in the cache memory, whenever the cache
memory is filled with data from the second memory. 31.
The method of claim 28, further comprising: if the
first and second processing units both encounter cache
hits, selecting one of the processing units to access
the cache memory, and stalling the other processing
unit. 32. An apparatus comprising: means for
determining whether a first memory address for a first
memory access by a first processing unit is currently
in a cache memory;means for determining whether a
second memory address for a second memory access by a
second processing unit is currently in the cache
memory; and means for allowing the first and second
processing units to concurrently access the cache
memory and a second memory, respectively, if the first
processing unit encounters a cache hit and the second
processing unit encounters a cache miss, wherein the
cache memory and the second memory are memories at two
different levels of a cached memory system. 33. The
apparatus of claim 32, wherein the means for
determining for each of the first and second memory
addresses includes means for parsing the memory
address to obtain a target tag and a cache line
address, means for obtaining a stored tag from a cache
tag RAM for the cache line address, the stored tag
indicating a line in an external memory currently
stored in the cache memory at the cache line address,
and means for comparing the target tag against the
stored tag to determine whether the memory address is
currently in the cache memory. 34. The apparatus of
claim 33, further comprising: means for updating cache
tag RAMs, used to determine whether the first and
second memory addresses are in the cache memory,
whenever the cache memory is filled with data from the
second memory. 


