
Case 23950 OCTAHYDROPYRROLO.S^-C] PYRROLE DERIVATIVES
AN THEIR USE AS ANTIVIRAL AGENTS. This invention
relates to octahydro-pyrrolo[3,4-c]pyrrole derivatives
useful in the treatment of a variety of disorders,
including those in which the modulation of CCR5
receptors is desirable. More particularly, the present
invention relates to (4,6-dimethylpyrimidin-
5-yl)-[5-(3-phenyl-propyl)-hexahydro-pyrrolo[3,4-c]pyr
rol-2-yl]-methanone 5 compounds and related
derivatives more fully described herein, to
compositions containing, to uses of such derivatives
and to processes for preparing said compounds.
Disorders that may be treated or prevented by the
present derivatives include HIV and HIV-mediated
retroviral infections (and the resulting acquired
immune deficiency syndrome, AIDS), diseases of the
immune system and inflammatory diseases. 10 A-M.
Vandamme et al. (Antiviral Chemistry &Chemotherapy,
1998 9:187-203) disclose current HAART clinical
treatments of HIV- 1 infections in man including
triple drug combinations. Highly active anti-
retroviral therapy (HAART) has traditionally consisted
of combination therapy with nucleoside reverse
transcriptase inhibitors (NRTI), non-nucleoside
reverse transcriptase inhibitors (NNRTI) and protease
inhibitors 15 (PI). These compounds inhibit
biochemical processes required for viral replication.
In compliant drug-naive patients, HAART is effective
in reducing mortality and progression of HIV-I to
AIDS. While HAART has dramatically altered the
prognosis for HIV infected persons, there remain many
drawbacks to the current therapy including highly
complex dosing regimes and side effects which can be
very severe (A. Carr and D. A. 20 Cooper, Lancet 2000
356(9239): 1423- 1430). Moreover, these multidrug
therapies do not eliminate HIV- 1 and long-term
treatment usually results in multidrug resistance,
thus limiting their utility in long term therapy.
Development of new drug therapies to provide better
HIV- 1 treatment remains a priority. The chemokines, a
subset of the cytokine family of soluble immune
modulators, are 25 a large family of pro-inflammatory
peptides that exert their pharmacological effect
through G-protein-coupled receptors. The name
"chemokine", is a contraction of "chemotactic
cytokines". The chemokines are leukocyte chemotactic
proteins capable of attracting leukocytes to various
tissues, which is an essential response to
inflammation and infection. Human chemokines include
approximately 50 structurally homologoussmall proteins
comprising 50-120 amino acids. (M. Baggiolini et al,
Ann. Rev. Immunol. 1997 15:675-705) The CCR5 receptor
is one member of this family. Chemokine receptors are
seven membrane-spanning receptors that signal through
heterotrimeric G protein when bound to an agonist.
Human CCR5 is composed of 352 amino acids with an
intra- cellular C-terminus containing structural
motifs for G-protein association and ligand-dependent
signaling (M. Oppermann Cellular Signaling 2004
16:1201-1210). The extracellular N-terminal domain
contributes to high-affinity chemokine binding and
interactions with the gpl20 HIV protein (T. Dragic / .
Gen. Virol. 2001 82:1807-1814; C. Blanpain et al. J.
Biol. Chem.1999 274:34719-34727). The natural ligands
for the CCR5 are the macrophage inflammatory proteins
(MIP) designated MIPIa and MIP-Ib and RANTES. The
binding site for RANTES (Regulated upon Activation and
is Normal T-cell Expressed and Secreted) has been
shown to be on the N-terminal domain and HIV gpl20 has
been suggested to interact initially with the
N-terminal domain and also with the ECL2 (extra-
cellular loop 2). (B. Lee, et al. J. Biol. Chem. 1999
274:9617-26) Modulators of the CCR5 receptor may be
useful in the treatment of various inflammatory
diseases and conditions, and in the treatment of
infection by HIV- 1 and genetically related
retroviruses. As leukocyte chemotactic factors,
chemokines play an indispensable role in the
attraction of leukocytes to various tissues of the
body, a process which is essential for both
inflammation and the body's response to infection.
Because chemokines and their receptors are central to
the pathophysiology of inflammatory, autoimmune and
infectious diseases, agents which are active in
modulating, preferably antagonizing, the activity of
chemokines and their receptors, are useful in the
therapeutic treatment of these diseases. The CCR5
receptor is of particular importance in the context of
treating inflammatory and infectious diseases. HIV-I
infects cells of the monocyte-macrophage lineage and
helper T-cell lymphocytes by exploiting a high
affinity interaction of the viral enveloped
glycoprotein (Env) with the CD4 antigen. The CD4
antigen, however, appeared to be a necessary, but not
sufficient requirement for cell entry and at least one
other surface protein was required to infect the cells
(E. A. Berger et al, Ann. Rev. Immunol. 1999
17:657-700). 



Two chemokine receptors, either the CCR5 (M-trophic
strains) or the CXCR4 (T-trophic strains) receptor
were subsequently found to be co-receptors which are
required, along with CD4, for infection of cells by
the human immunodeficiency virus (HIV). The central
role of CCR5 in the pathogenesis of HIV was inferred
by epidemiologicalidentification of powerful disease
modifying effects of the naturally occurring null
allele CCR5 D32. The D32 mutation has a 32-base pair
deletion in the CCR5 gene resulting in a truncated
protein designated D32. Relative to the general
population, D32/D32 homozygotes are significantly
common in exposed/uninfected individuals suggesting
the role of CCR5 in HIV cell entry (R. Liu et al, Cell
1996 86(3):367-377; M. Samson et al., Nature 1996
382(6593):722-725). The HIV-I envelope protein is
comprised of two subunits: gpl20, the surface subunit
and gp41, the transmembrane subunit. The two subunits
are non-covalently associated and form homotrimers
which compose the HIV envelope. Each gp41 subunit
contains two helical heptad repeat regions, HRl and
HR2 and a hydrophobic fusion region on the C-terminus.
Viral fusion and cell entry is a complex multi-step
process and each step affords the potential for
therapeutic intervention. The CD4 binding site on the
gpl20 of HIV appears to first interact with the CD4
molecule on the cell surface inducing a conformation
change in gpl20 which creates or exposes a cryptic
CCR5 (or CXCR4) binding site, and undergoes
conformational changes which permits binding of gpl20
to the CCR5 and/or CXCR4 cell-surface receptor. The
bivalent interaction brings the virus membrane into
close proximity with the target cell membrane and the
hydrophobic fusion region can insert into the target
cell membrane. A conformation change in gp41 creates a
contact between the outer leaflet of the target cell
membrane and the viral membrane which produces a
fusion pore whereby viral core containing genomic RNA
enters the cytoplasm. The conformational changes
induced by these steps expose additional targets for
chemotherapeutic intervention. Each of these steps
affords an opportunity for therapeutic intervention in
preventing or slowing HIV infection. Small molecules
(Q. Guo et al. J. Virol. 2003 77:10528-63) and
antibodies (D. R. Kuritzkes et al. 10 Conference on
Retroviruses and Opportunistic Infections, February
10- 14, 2003, Boston, MA. Abstract 13; K. A. Nagashima
et al. J. Infect. Dis. 2001 183:1 121-25) designed to
prevent the gpl20/CD4 interaction have been disclosed.
Small molecule antagonists of, and antibodies to, CCR5
are discussed below. A small molecular weight
antagonist of CXCR4 has been explored (J. Blanco et
al. Antimicrob. Agents Chemother. 2000 46:1336-39).
Enfuvirtide (T20, ENF or FUZEON ) is a 36 amino acid
peptide corresponding to residues 643-678 in the HR2
domain of gp41. Enfuvirtide binds to the trimeric
coiled-coil by the HRl domains and acts in a dominant
negative manner to block the endogenous six helix
bundle formation thus inhibiting viral fusion. (J. M.
Kilby- A - et al, New Eng. J. Med. 1998 4(1
1):1302-1307). Enfuvirtide has been approved for
clinical use. Potential CCR5 antagonists have been
reviewed. (A. Palani and J. R. Tagat, "Discovery and
Development of Small-Molecule Chemokine Coreceptor
CCR5 Antagonists" / . Med. Chem. 2006
49(10):2851-2857; J. D. Reeves and A. J. Piefer,
"Emerging Drug Targets for Antiviral Therapy" Drugs
2005 65(13):1747-1766; M. Westby and E. van der Ryst,
"CCR5 antagonists : Host-targeted antivirals for the
treatment of HIV infection" Antiviral Chem. Chemother.
2005 16(6):339-354; B. Juelg and F.-D., "CCR5
antagonists : a new tool in fighting HIV" / . HIV
Ther. Current Trends 2005 10(4):68-71). Takeda
identified TAK-779 as a potential CCR5 antagonist. (M.
Shiraishi et al, J. Med. Chem. 2000 43(10):2049-2063;
M. Babba et al. Proc. Nat. Acad. ScL USA 1999
96:5698-5703) and TAK-220 (C. Tremblay et al.
Antimicrob. Agents Chemother. 2005 49(8):3483-3485).
WO0039125 (D. R. Armour et al.) and WO0190106 (M.
Perros et al.) disclose heterocyclic compounds that
are potent and selective CCR5 antagonists. Pfizer has
advanced miraviroc (UK-427,857; MVC) through phase III
clinical trials and shown activity against HIV-I
isolates and laboratory strains (P. Dorr et al.,
Antimicrob. Agents Chemother. 2005 49(ll):4721-4732;
A. Wood and D. Armour, Prog. Med. Chem. 2005
43:239-271; C. Watson et al, MoI Pharm. 2005
67(4):1268-1282; M. J. Macartney et al, 43rd Intersci.
Conf. Antimicrob. Agents Chemother. September 14-17,
2003, Abstract H- 875). Schering has advanced Sch-351
125 (SCH-C) into Phase I/II clinical studies and
reported the advance of a more potent follow-up
compound, Vicroviroc (Sch-4 17690, SCH-D) into Phase I
studies (S. W. McCrombie et al, WO00066559; B. M.
Baroudy et al 



WO00066558; A. Palani et al, J. Med. Chem. 2001
44(21):3339-3342; J. R. Tagat et al, J. Med. Chem.
2001 44(21):3343-3346; J. A. Este, Cur. Opin. Invest.
Drugs 2002 3(3):379- 383; J. M. Struzki et al Proc.
Nat. Acad ScL USA 2001 98:12718-12723). Merck has
disclosed the preparation of
(2S)-2-(3-chlorophenyl)-l-N-(methyl)-N-
(phenylsulfonyl)amino]-4-[spiro(2,3-dihydrobenzothioph
ene-3,4'-piperidin-ryl) butane S-oxide and related
derivatives with good affinity for the CCR5 receptor
and potent-HIV activity. (P. E. Finke et al, Bioorg.
Med. Chem. Lett., 2001 11:265-270; P. E. Finke et al,
Bioorg. Med. Chem. Lett, 2001 11:2469-2475; P. E.
Finke et al, Bioorg. Med. Chem. Lett., 2001
11:2475-2479; J. J. Hale et al, Bioorg. Med. Chem.
Lett., 2001 11:2741- 22745; D. Kim et al, Bioorg. Med.
Chem. Lett., 2001 11:3099-3102) C. L. Lynch et al Org
Lett. 2003 5:2473-2475; R. S. Veazey et al J. Exp.
Med. 2003198:1551-1562. GSK-873140 (ONO-4128, E-913,
AK-602) was identified in a program initiated at
KumamotoUniversity (K. Maeda et al. J. Biol. Chem.
2001 276:35194-35200; H. Nakata et al. J. Virol. 2005
79(4):2087-2096) and has been advanced to clinical
trials. In WO2004/054974 published July 1, 2004 and in
WO2004/055016 published July 1, 2004, W.M. Kazmierski
et al. disclose CCR5 antagonists. In WOOO/166525;
WOOO/187839; WO02/076948; WO02/076948; WO02/079 156,
WO2002070749, WO2003080574, WO2003042 178,
WO2004056773, WO20040 18425 and WO2006/001751
AstraZeneca disclose 4-amino piperidine compounds
which are CCR5 antagonists. In U.S. Publication No.
20050176703 published August 11, 2005, S. D. Gabriel
and D. M. Rotstein disclosed heterocyclic CCR5
antagonist capable of prevent HIV cell entry. Related
octahydro-pyrrolo[3,4-c] pyrrole compounds which are
antagonists of the CCR5 receptor have been disclosed
in Assignee's copending non-provisional application US
20060014767 filed June 8, 2005 (WO 2005121145,
published December 22, 2005) entitled
HeterocyclicAntiviral Compounds, in the names of E. K.
Lee et al. published December 22, 2005; U. S. Ser No.
11/706,807, filed February 15, 2007, entitled
Heterocyclic Antiviral Compounds in the names of R.
Lemoine et al.; and U.S. Ser. No. 11/706,728, filed
February 15, 2007, entitled HeterocyclicAntiviral
Compounds in the names of R. Lemoine et al. which are
all hereby incorporated by reference in their
entirety.In addition to the potential for CCR5
modulators in the management of HIV infections, the
CCR5 receptor is an important regulator of immune
function and compounds of the present invention may
prove valuable in the treatment of disorders of the
immune system. Treatment of solid organ transplant
rejection, graft v. host disease, arthritis,
rheumatoid arthritis, inflammatory bowel disease,
atopic dermatitis, psoriasis, asthma, allergies or
multiple sclerosis by administering to a human in need
of such treatment an effective amount of a CCR5
antagonist compound of the present invention is also
possible. (M. A. Cascieri and M. S. Springer, Curr.
Opin. Chem. Biol. 2000 4:420-427; A. Proudfoot et al,
Immunol. Rev. 2000 177:246-256; P. Houshmand and A.
Zlotnik, Curr. Opin. Chem. Biol. 2003 7:457-460) The
present invention relates to a compounds according to
formula I which are CCR5 receptor antagonists, methods
for treating an HIV- 1 infection, or preventing an
HIV- 1 infection, or treating AIDS or ARC, or diseases
alleviated by administration of a compound according
to formula I and pharmaceutical compositions for
treating diseases containing a compound according to
formula I admixed with at least one carrier, diluent
or excipient,(I) A l A2 A3 wherein R1 is selected from
the group consisting of (a) phenyl, (b) pyridinyl, (c)
pyrimidinyl, each optionally substituted with Ci-6
alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, hydroxy, cyano,
NHSO 2Ci-6 alkyl, SO2NR9aR10a, -NR 9bR10b, and
halogen, and (d) Bl wherein R8 is C3-7 cycloalkyl,
phenyl or heteroaryl selected from the group
consisting of pyridine, pyrimidine, pyrazine and
pyridazine said heteroaryl or said phenyl optionally
substituted with C1-3 alkyl or C1-3 haloalkyl; One of
R2 and R3 is hydrogen and the other of R2 and R3 is
Al, A2 or A3, or R2 and R3 together are (CH 2)mNR4(CH
2)n; R4 is C1-6 alkyl, C1-6 haloalkyl, CH2CN, -C(=O)R
5 or -SO 2R5; R5 is (a) Ci-6 alkyl, (b) C3-6
cycloalkyl optionally independently substituted with
one or two Ci-6 alkyl, halogen, hydroxy, cyano, oxo or
Ci-6 haloalkyl, (c) Ci-6 haloalkyl, (d) Q - 6
hydroxyalkyl, (e) C1-3 alkoxy-Ci-3 alkyl, (f) C3-6
cycloalkyl-Ci- 6 alkyl, (g) Ci-6 alkoxy, (h) amino,
(i) Ci-6 alkylamino, (j) di-Ci- 6 alkylamino (k) C3-6
cycloalkylamino, (1) phenyl-Q- 3 alkyl or (m) phenyl
said phenyl optionally substituted with one to three
groups independently selected in each occurrence form
the group consisting of Ci-6 alkyl, Ci-6 



alkoxy, halogen, -SO 2NR6aR6b and -NHSO 2Ci-6 alkyl;
(n) tetrahydropyranyl, (o) tetrahydrofuranyl; (p)
cycloalkoxy optionally independently substituted with
one or two halogen, hydroxy or oxo, (q) C4-6
cycloalkyl-amino, (r) tetrahydopyranyl-methyl, (s)
pyridinyl or (t) cyanomethyl; R6a and R6b are
independently hydrogen, Ci-6 alkyl or Ci-6 acyl;R7 is
hydrogen or C1-3 alkyl; R9a and R1Oa are (i) taken
independently, one of R9a and R1Oa is hydrogen or d-6
alkyl and the other of R9a and R1Oa is selected from
the group consisting of hydrogen, Ci-6 alkyl and
-C(=O)R 7; (ii) taken together with the nitrogen atom
to which they are attached form an azetidine,
pyrrolidine, piperidine or azepine ring said
azetidine, pyrrolidine, piperidine or azepine ring
optionally substituted with hydroxy, amino, C1-3
alkylamine or C1-3 dialkylamine; or, (iii) taken
together are (CH 2)2-X-(CH 2)2; R9b is defined as R9a
and R10b is defined as R1Oa; R11 is hydrogen, d-6
alkyl or d-6 acyl; X is O, S(O) P or NR11 wherein p is
an integer from 0 to 2; Ar is phenyl optionally
substituted with one to three substituents
independently selected in each occurrence from the
group consisting of halogen, Ci-6 alkyl, Ci-6 alkoxy,
cyano and nitro; m and n are independently one or two;
or, pharmaceutically acceptable salts thereof. The
present invention further provides for a method for
treating an HIV- 1 infection, or preventing an HIV- 1
infection, or treating AIDS or ARC which consists of
co-administering compounds according to formula I and
one or more other agents beneficial in treating or
preventing an HIV-infection or preventing the
progression of the disease. The phrase "a" or "an"
entity as used herein refers to one or more of that
entity; for example, a compound refers to one or more
compounds or at least one compound. As such, the terms
"a" (or "an"), "one or more", and "at least one" can b
e used interchangeably herein.As used in this
specification, whether in a transitional phrase or in
the body of the claim, the terms "comprise(s)" and
"comprising" are to be interpreted as having an
openended meaning. That is, the terms are to be
interpreted synonymously with the phrases "having at
least" or "including at least". When used in the
context of a process, the term "comprising" means that
the process includes at least the recited steps, but
may include additional steps. When used in the context
of a compound or composition, the term "comprising"
means that the compound or composition includes at
least the recited features or components, but may also
include additional features or components. As used
herein, unless specifically indicated otherwise, the
word "or" is used in the "inclusive" sense of "and/or"
and not the "exclusive" sense of "either/or". The term
"independently" is used herein to indicate that a
variable is applied in any one instance without regard
to the presence or absence of a variable having that
same or a different definition within the same
compound. Thus, in a compound in which R" appears
twice and is defined as "independently carbon or
nitrogen", both R"s can be carbon, both R"s can be
nitrogen, or one R" can be carbon and the other
nitrogen. The symbols "*" at the end of a bond or " "
drawn through a bond each refer to the point of
attachment of a functional group or other chemical
moiety to the rest of the molecule of which it is a
part. Thus, for example: MeC(=0)0R4 wherein R4 = -< or
-j-<] > MeC(O)O- < ] A bond drawn into ring system (as
opposed to connected at a distinct vertex) indicates
that the bond may be attached to any of the suitable
ring atoms. Compounds of formula I exhibit
tautomerism. Tautomeric compounds can exist as two or
more interconvertable species. Prototropic tautomers
result from the migration of a covalently bonded
hydrogen atom between two atoms. Tautomers generally
exist in equilibrium and attempts to isolate an
individual tautomers usually produce a mixture whose
chemical and physical properties are consistent with a
mixture of compounds. The position of the equilibrium
is dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=0)-CH-
(r)-C(-0H)=CH-), amide/imidicacid (-C(=O)-NH-
-C(-OH)=N-) and amidine (-C(=NR)-NH- -C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings 



and the present invention encompasses all tautomeric
forms of the compounds. In one embodiment of the
present invention there is provided a compound
according to formula I wherein R1, R2, R3, R4, R5,
R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11, Al, A2,
A3, B1, Ar, X, m, n and p are as defined herein above.
The phrase "as defined herein above" refers to the
broadest definition for each group as provided in the
Summary of the Invention. In other embodiments
provided below, substituents present in each
embodiment which are not explicitly defined retain the
broadest definition provided in the Summary of the
Invention. In another embodiment of the present
invention there is provided a compound according to
formula I wherein Ar is phenyl optionally substituted
with one to three halogen substituents and, and R1,
R2, R3, R4, R5, R6a, R6b, R7, R8, R9a, R9b, R1Oa,
R10b, R11, Al, A2, A3, Bl, X, m, n and p are as
defined herein above. In a second embodiment of the
present invention there is provided a compound
according to formula I wherein R1 is selected from the
group consisting of phenyl, pyridinyl and pyrimidinyl
optionally substituted with C1-6 alkyl, C1-6
haloalkyl, C1-6 alkoxy, hydroxy, cyano and halogen;
one of R2 and R3 is hydrogen and the other of R2 and
R3 is Al, A2 or A3, or R2 and R3 together are (CH
2)mNR4(CH 2)n; R4 is C1-6 alkyl, C1-6 haloalkyl,
CH2CN, -C(=O)R 5 or -SO2R5; R5 is (a) C1-6 alkyl, (b)
C3-6 cycloalkyl optionally independently substituted
with one or two C1-6 alkyl, halogen, hydroxy, cyano,
oxo or Ci-6 haloalkyl, (c) C1-6 haloalkyl, (d) C1-6
hydroxyalkyl, (e) C1 alkoxy-Ci- 3 alkyl, (f) C3-6
cycloalkyl-Ci-6 alkyl, (g) C1-6 alkoxy, (h) amino, (i)
C1-6 alkylamino, (j) -C1-6 alkylamino (k) C3-6
cycloalkylamino, (1) phenyl-Ci-3 alkyl or (m) phenyl
said phenyl optionally substituted with one to three
groups independently selected in each occurrence form
the group consisting of C1-6 alkyl, C1-6 alkoxy,
halogen, -SO2NR6aR6b and - NHSO 2Ci-6 alkyl; (n)
tetrahydropyranyl, (o) tetrahydrofuranyl; (p)
cycloalkoxy optionally independently substituted with
one or two halogen, hydroxy or oxo, (q) C4-6
cycloalkyl-amino, (r) tetrahydopyranyl-methyl, (s)
pyridinyl or (t) cyanomethyl; R6a and R6b are
independently hydrogen, C1-6 alkyl or C1-6 acyl; Ar is
phenyl optionally substituted with one to three
substituents independently selected in each occurrence
from the group consisting of halogen, C1-6 alkyl, C1-6
alkoxy, cyano and nitro; m and n are independently one
or two; or, pharmaceutically acceptable salts
thereof.In another embodiment of the present invention
there is provided a compound according to formula I
wherein R1 is selected from the group consisting of
phenyl, pyridinyl and pyrimidinyl optionally
substituted with Ci-6 alkyl, Ci-6 haloalkyl, C1-6
alkoxy, hydroxy, cyano and halogen; one of R2 and R3
is hydrogen and the other of R2 and R3 is Al, A2 or
A3, or R2 and R3 together are (CH 2)mNR4(CH 2)n; R4 is
C1-6 alkyl, C1-6 haloalkyl, CH2CN, -C(=O)R 5 or
-SO2R5; R5 is (a) C1-6 alkyl, (b) C3-6 cycloalkyl
optionally independently substituted with one or two
C1-6 alkyl, halogen, hydroxy, cyano, oxo or Ci-6
haloalkyl, (c) C1-6 haloalkyl, (d) C1-6 hydroxyalkyl,
(e) C1-3 alkoxy-Ci-3 alkyl, (f) C3-6 cycloalkyl-Ci-6
alkyl, (g) C1-6 alkoxy, (h) amino, (i) C1-6
alkylamino, (j) -C1-6 alkylamino (k) C3-6
cycloalkylamino, (1) phenyl-Ci-3 alkyl or (m) phenyl
said phenyl optionally substituted with one to three
groups independently selected in each occurrence form
the group consisting of C1-6 alkyl, C1-6 alkoxy,
halogen, -SO2NR6aR6 and - NHSO 2Ci-6 alkyl; (n)
tetrahydropyranyl, (o) tetrahydrofuranyl; (p)
cycloalkoxy optionally independently substituted with
one or two halogen, hydroxy or oxo, (q) C4-6
cycloalkyl-amino, (r) tetrahydopyranyl-methyl, (s)
pyridinyl or (t) cyanomethyl; R6a and R6b are
independently hydrogen, C1-6 alkyl or C1-6 acyl; Ar is
phenyl optionally substituted with one to three
halogen substituents; and, m and n are independently
one or two; or, pharmaceutically acceptable salts
thereof. In another embodiment of the present
invention there is provided a compound according to
formula I wherein R is 2,4-dimethyl-pyridin-3-yl,
2,4-dimethyl-6-cyanopyridin- 3-yl,
4,6-dimethyl-pyrimidin-5-yl,
4,6-dimethyl-2-trifluoromethyl-pyrimidin-5- yl; one of
R2 and R3 is hydrogen and the other of R2 and R3 is
Al, A2 or A3, or R2 and R3 together are (CH 2)mNR4(CH
2)n; R4 is C1-6 alkyl, C1-6 haloalkyl, CH2CN, -C(=O)R
5 or - SO2R5; R5 is (a) C1-6 alkyl, (b) C3-6
cycloalkyl optionally independently substituted with
one or two C1-6 alkyl, halogen, hydroxy, cyano, oxo or
C1-6 haloalkyl, (c) C1-6 haloalkyl, (d) C1-6
hydroxyalkyl, (e) C1-3 alkoxy-Ci-3 alkyl, (f) C3-6
cycloalkyl-Ci- 6 alkyl, (g) C1-6 alkoxy, (h) amino,
(i) C1-6 alkylamino, (j) di-C 1-6 alkylamino (k) C3-6
cycloalkylamino, (1) phenyl-Ci-3 alkyl or (m) phenyl
said phenyl optionally substituted with one to three
groups independently selected in each occurrence form
the group consisting of C1-6 alkyl, C1-6 alkoxy,
halogen, -SO2NR6aR6b and -NHSO 2Ci-6 alkyl; (n)
tetrahydropyranyl, (o) 



tetrahydrofuranyl; (p) cycloalkoxy optionally
independently substituted with one or two halogen,
hydroxy or oxo, (q) C4-6 cycloalkyl-amino, (r)
tetrahydopyranyl-methyl, (s) pyridinyl or (t)
cyanomethyl; R6a and R6b are independently hydrogen,
C1-6 alkyl or C1-6 acyl; Ar is phenyl optionally
substituted with one to three halogen substituents;
and, m and n are independently one or two; or,
pharmaceutically acceptable salts thereof.In a third
embodiment of the present invention there is provided
a compound according to formula I wherein R1 is
2,6-dimethylphenyl, 2,4-dimethyl-pyridin-3-yl, 2,4-
dimethyl-6-cyano-pyridin-3-yl,
4,6-dimethyl-pyrimidin-5-yl or 4,6-dimethyl-2-
trifluoromethyl-pyrimidin-5-yl; R2 is A3; R3 is
hydrogen; R4 is -C(=O)R 5 or -SO2R5; Ar is phenyl
optionally substituted with one to three halogens; and
R5, R6a, R6 , A3, m and n are as defined herein above
or pharmaceutically acceptable salts thereof. In a
fourth embodiment of the present invention there is
provided a compound according to formula I wherein R1
is 2,4-dimethyl-pyridin-3-yl,
2,4-dimethyl-6-cyanopyridin- 3-yl,
4,6-dimethyl-pyrimidin-5-yl or
4,6-dimethyl-2-trifluoromethyl-pyrimidin- 5-yl; R2 is
A3; R3 is hydrogen; R4 is -SO2R5; R5 is (a) C1-6
alkyl, (b) C3-6 cycloalkyl optionally substituted with
one or two groups independently selected in each
occurrence from the group consisting of hydroxyl,
halogen, C1-6 alkyl, C1-6 haloalkyl and oxo, (c)
optionally substituted phenyl or (d) optionally
substituted phenyl-Ci-3 alkyl; Ar is phenyl optionally
substituted with one to three halogens; and R6a, R6b,
A3, m and n are as defined herein above, or
pharmaceutically acceptable salts thereof. In fifth
embodiment of the present invention there is provided
a compound according to formula I wherein R1 is
2,4-dimethyl-pyridin-3-yl,
2,4-dimethyl-6-cyanopyridin- 3-yl,
4,6-dimethyl-pyrimidin-5-yl or
4,6-dimethyl-2-trifluoromethyl-pyrimidin- 5-yl; R2 is
A3; R3 is hydrogen; R4 is -CO 2R5; R5 is (a) C1-6
alkyl, (b) C1-6 alkoxy, (c) C1-6 hydroxyalkyl, (d)
C3-6 cycloalkyl optionally substituted with one or two
groups independently selected in each occurrence from
the group consisting of hydroxyl, halogen, C1-6 alkyl,
C1-6 haloalkyl and oxo, or (e) C1-3 alkoxy-Ci-3 alkyl;
and Ar is phenyl optionally substituted with one to
three halogens; and R6a, R6b, A3, m and n are as
defined herein above, or pharmaceutically acceptable
salts thereof. In sixth another embodiment of the
present invention there is provided a compound
according to formula I wherein R1 is
2,6-dimethylphenyl, 2,4-dimethylpyridin- 3-yl,
2,4-dimethyl-6-cyano-pyridin-3-yl,
4,6-dimethyl-pyrimidin-5-yl or 4,6-
dimethyl-2-trifluoromethyl-pyrimidin-5-yl; R is Al or
A2; R is hydrogen; R is - C(=O)R 5 or -SO2R5; Ar is
phenyl optionally substituted with one to three
halogens; and R5, R6a, R6 , Al, A2, m and n are as
defined herein above or pharmaceutically acceptable
salts thereof. In a seventh embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is 2,6-dimethylphenyl,
2,4-dimethyl-pyridin-3-yl,
2,4-dimethyl-6-cyano-pyridin-3-yl,
4,6-dimethyl-pyrimidin-5-yl or 4,6-dimethyl-2-
trifluoromethyl-pyrimidin-5-yl; R2 and R3 together are
(CH 2)mNR4(CH 2)n; R4 is - C(=O)R 5 or -SO2R5; Ar is
phenyl optionally substituted with one to three
halogens; and R5 R6a, R6b, m and n are as defined
herein above or pharmaceutically acceptable salts
thereof. In another embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is 2,4-dimethyl-pyridin-3-yl,
2,4-dimethyl-6-cyanopyridin- 3-yl,
4,6-dimethyl-pyrimidin-5-yl or
4,6-dimethyl-2-trifluoromethyl-pyrimidin- 5-yl; R2 and
R3 together are (CH 2)mNR4(CH 2)n; R4 is -C(=O)R 5 or
-SO2R5; Ar is phenyl optionally substituted with one
to three halogens; and R5, R6a, R6b, m and n are as
defined herein above or pharmaceutically acceptable
salts thereof. In an eighth embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is 2,6-dimethylphenyl,
2,4-dimethyl-pyridin-3-yl, 2,4-
dimethyl-6-cyano-pyridin-3-yl,
4,6-dimethyl-pyrimidin-5-yl or 4,6-dimethyl-2-
trifluoromethyl-pyrimidin-5-yl; R2 and R3 together are
(CH 2)mNR4(CH 2)n; m and n are one; R4 is -C(=O)R 5 or
-SO2R5; Ar is phenyl optionally substituted with one
to three halogens; R5 is (a) C1 alkyl, (b) C1
haloalkyl, (c) C3-6 cycloalkyl optionally
independently substituted with one or two C1 alkyl,
halogen, hydroxy, cyano, oxo or C1- 6 haloalkyl, (d)
tetrahydropyranyl, (c) tetrahydrofuranyl, R6a, R6 are
as defined herein above or pharmaceutically acceptable
salts thereof. In a ninth embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is 2,6-dimethylphenyl,
2,4-dimethyl-pyridin-3-yl, 2,4-
dimethyl-6-cyano-pyridin-3-yl,
4,6-dimethyl-pyrimidin-5-yl or 4,6-dimethyl-2-
trifluoromethyl-pyrimidin-5-yl; R2 and R3 together are
(CH 2)mNR4(CH 2)n; R4 is C1 alkyl 



or Ci-6 haloalkyl; Ar is phenyl optionally substituted
with one to three halogens; and R5, R6a, R6b, m and n
are as defined herein above or pharmaceutically
acceptable salts thereof. In a tenth embodiment of the
present invention there is provided a compound
according to formula I which compound is a free base
or a pharmaceutically acceptable salt form of
compounds 1-1 to 1-45 of TABLE I, compounds II- 1 to
11-40 of TABLE II, compounds III- 1 to III- 12 of
TABLE III, compounds IV- 1 to IV-20 of TABLE IV, or
compounds V-I to V-31 of TABLE V.In an eleventh
embodiment of the present invention there is provided
a method for treating an HIV- 1 infection, or
preventing an HIV- 1 infection, or treating AIDS or
ARC, comprising administering to a host in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5, R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11,
Al, A2, A3, Bl, Ar, X, m, n and p are as defined
herein above, or pharmaceutically acceptable salts
thereof. In still another embodiment of the present
invention there is provided a method for treating an
HIV- 1 infection, or preventing an HIV- 1 infection,
or treating AIDS or ARC, comprising administering to a
host in need thereof a therapeutically effective
amount of a compound according to formula I wherein R1
is selected from the group consisting of phenyl,
pyridinyl and pyrimidinyl optionally substituted with
Ci-6 alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, hydroxy,
cyano and halogen; one of R2 and R3 is hydrogen and
the other of R2 and R3 is Al, A2 or A3, or R2 and R3
together are (CH 2)mNR4(CH 2)n; R4 is C1-6 alkyl, C1-6
haloalkyl, CH2CN, -C(=O)R 5 or -SO2R5; R5 is (a) C1-6
alkyl, (b) C3-6 cycloalkyl optionally independently
substituted with one or two C1-6 alkyl, halogen,
hydroxy, cyano, oxo or Ci-6 haloalkyl, (c) C1-6
haloalkyl, (d) C1-6 hydroxyalkyl, (e) C1-3 alkoxy-Ci-3
alkyl, (f) C3-6 cycloalkyl-Ci-6 alkyl, (g) C1-6
alkoxy, (h) amino, (i) C1-6 alkylamino, (j) -C1-6
alkylamino (k) C3-6 cycloalkylamino, (1) phenyl-Ci-3
alkyl or (m) phenyl said phenyl optionally substituted
with one to three groups independently selected in
each occurrence form the group consisting of C1-6
alkyl, C1-6 alkoxy, halogen, -SO2NR6aR6b and - NHSO
2Ci-6 alkyl; (n) tetrahydropyranyl, (o)
tetrahydrofuranyl; (p) cycloalkoxy optionally
independently substituted with one or two halogen,
hydroxy or oxo, (q) C4-6 cycloalkyl-amino, (r)
tetrahydopyranyl-methyl, (s) pyridinyl or (t)
cyanomethyl; R6a and R6 are independently hydrogen,
C1-6 alkyl or C1-6 acyl; Ar is phenyl optionally
substituted with one to three substituents
independently selected in each occurrence from the
group consisting of halogen, C1-6 alkyl, C1-6 alkoxy,
cyano and nitro; m and n are independently one or two;
or, pharmaceutically acceptable salts thereof. In a
twelfth embodiment of the present invention there is
provided a method for treating an HIV- 1 infection, or
preventing an HIV- 1 infection, or treating AIDS or
ARC, comprising co-administering to a host in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5, R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11,
Al, A2, A3, Bl, Ar, X, m, n and p are as defined
herein above, or pharmaceutically acceptable salts
thereof, and at least one compound selected from the
group consisting of HIV- 1 protease inhibitors,
nucleoside reverse transcriptase
inhibitors,non-nucleoside reverse transcriptase
inhibitors, CCR5 antagonists and viral fusion
inhibitors. In another embodiment of the present
invention there is provided a method for treating an
HIV- 1 infection, or preventing an HIV- 1 infection,
or treating AIDS or ARC, comprising co-administering
to a host in need thereof a therapeutically effective
amount of a compound according to formula I wherein R1
is selected from the group consisting of phenyl,
pyridinyl and pyrimidinyl optionally substituted with
Ci-6 alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, hydroxy,
cyano and halogen; or pharmaceutically acceptable
salts thereof, and at least one compound selected from
the group consisting of HIV- 1 protease inhibitors,
nucleoside reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors, CCR5
antagonists and viral fusion inhibitors. In a
thirteenth embodiment of the present invention there
is provided a method for treating an HIV- 1 infection,
or preventing an HIV- 1 infection, or treating AIDS or
ARC, comprising co-administering to a host in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5,R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11,
Al, A2, A3, Bl, Ar, X, m, n and p are as defined
herein above, or pharmaceutically acceptable salts
thereof, and at least one compound selected from the
group consisting of zidovudine, lamivudine,
didanosine, zalcitabine, stavudine, rescriptor,
sustiva and viramune, efavirenz, nevirapine or
delavirdine, saquinavir, ritonavir, nelfinavir,
indinavir, amprenavir, lopinavir and enfuvirtide. In
yet another embodiment of the present invention there
is provided a method for 



treating an HIV- 1 infection, or preventing an HIV- 1
infection, or treating AIDS or ARC, comprising
co-administering to a host in need thereof a
therapeutically effective amount of a compound
according to formula I wherein R1 is selected from the
group consisting of phenyl, pyridinyl and pyrimidinyl
optionally substituted with Ci-6 alkyl, Ci-6
haloalkyl, Ci-6 alkoxy, hydroxy, cyano and halogen; or
pharmaceutically acceptable salts thereof, and at
least one compound selected from the group consisting
of zidovudine, lamivudine, didanosine, zalcitabine,
stavudine, rescriptor, sustiva and viramune,
efavirenz, nevirapine or delavirdine, saquinavir,
ritonavir, nelfinavir, indinavir, amprenavir,
lopinavir and enfuvirtide In a fourteenth embodiment
of the present invention there is provided a method
for treating a mammal with a disease state that is
alleviated by a CCR5 receptor antagonist wherein said
disease is solid organ transplant rejection, graft v.
host disease,arthritis, rheumatoid arthritis,
inflammatory bowel disease, atopic dermatitis,
psoriasis, asthma, allergies or multiple sclerosis
which comprises administering to the mammal in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5,R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11,
Al, A2, A3, Bl, Ar, X, m, n and p are as defined
herein above, or pharmaceutically acceptable salts
thereof. In another embodiment of the present
invention there is provided a method for treating a
mammal afflicted with arthritis or rheumatoid
arthritis which comprises administering to the mammal
in need thereof a therapeutically effective amount of
a compound according to formula I wherein R1, R2, R3,
R4, R5,R6a, R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11,
Al, A2, A3, Bl, Ar, X, m, n and p are as defined
herein above, or pharmaceutically acceptable salts
thereof. In still another embodiment of the present
invention there is provided a method for treating a
mammal afflicted with solid organ transplant rejection
or graft v. host disease which comprises administering
to the mammal in need thereof a therapeutically
effective amount of a compound according to formula I
wherein R1 is selected from the group consisting of
phenyl, pyridinyl and pyrimidinyl optionally
substituted with Ci-6 alkyl, Ci-6 haloalkyl, Ci-6
alkoxy, hydroxy, cyano and halogen, or
pharmaceutically acceptable salts thereof. In a
fifteenth embodiment of the present invention there is
provided pharmaceutical composition comprising a
therapeutically effective quantity of a compound
according to formula I wherein R1, R2, R3, R4, R5,R6a,
R6b, R7, R8, R9a, R9b, R1Oa, R10b, R11, Al, A2, A3,
Bl, Ar, X, m, n and p are as defined herein above, or
pharmaceutically acceptable salts thereof and at least
one pharmaceutically acceptable carrier, excipient or
diluent. In a further embodiment of the present
invention there is provided pharmaceutical composition
comprising a therapeutically effective quantity of a
compound according to formula I wherein R1 is selected
from the group consisting of phenyl, pyridinyl and
pyrimidinyl optionally substituted with Ci-6 alkyl,
Ci-6 haloalkyl, Ci-6 alkoxy, hydroxy, cyano and
halogen, or pharmaceutically acceptable salts thereof
and at least one pharmaceutically acceptable carrier,
excipient or diluent The term "alkyl" as used herein
denotes an unbranched or branched chain, saturated,
monovalent hydrocarbon residue containing 1 to 10
carbon atoms. The term"lower alkyl" denotes a straight
or branched chain hydrocarbon residue containing 1 to
6 carbon atoms. "Cp o alkyl" as used herein refers to
an alkyl composed of 1 to 10 carbons. Examples of
alkyl groups include, but are not limited to, lower
alkyl groups include methyl, ethyl, propyl, i-propyl,
-butyl, i-butyl, f-butyl or pentyl, isopentyl,
neopentyl, hexyl, heptyl, and octyl. The term
"alkylene" as used herein denotes a divalent saturated
linear hydrocarbon radical of 1 to 10 carbon atoms
{e.g., (CH 2)n)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms {e.g.,
-CHMe- or -CH 2CH(i-Pr)CH 2-), unless otherwise
indicated. The open valences of an alkylene group are
not attached to the same atom. Examples of alkylene
radicals include, but are not limited to, methylene,
ethylene, propylene, 2-methyl-propylene,
1,1-dimethyl-ethylene, butylene, 2- ethylbutylene. The
term "cycloalkyl" as used herein denotes a saturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3-7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7
carbons in the carbocyclic ring. The term
"cycloalkylalkyl" as used herein refers to the radical
R'R"-, wherein R' is a cycloalkyl radical as defined
herein, and R" is an alkylene radical as defined
herein with 



the understanding that the attachment point of the
cycloalkylalkyl moiety will b e on the alkylene
radical. Examples of cycloalkylalkyl radicals include,
but are not limited to, cyclopropylmethyl,
cyclohexylmethyl, cyclopentylethyl. C3-7
cycloalkyl-Ci- 3 alkyl refers to the radical R'R"
where R' is C3-7 cycloalkyl and R" is C1-3 alkylene as
defined herein. The term "cycloalkoxy" as used herein
means an -O-cycloalkyl group, wherein cycloalkyl is as
defined above such as cyclohexyloxy cyclopentyloxy,
cyclobutyloxy and cyclopropyloxy. "Lower alkoxy" as
used herein denotes an alkoxy group with a "lower
alkyl" group as previously defined. "C3-7 cycloalkoxy"
as used herein refers to an-Ocycloalkyl wherein the
cycloalkyl is three to seven-membered ring. The term
"haloalkyl" as used herein denotes a unbranched or
branched chain alkyl group as defined above wherein 1,
2, 3 or more hydrogen atoms are substituted by a
halogen. Examples are 1-fluoromethyl, 1-chloromethyl,
1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl,
triiodomethyl, 1- fluoroethyl, 1-chloroethyl,
1-bromoethyl, 1-iodoethyl, 2-fluoroethyl,
2-chloroethyl, 2- bromoethyl, 2-iodoethyl,
2,2-dichloroethyl, 3-bromopropyl or
2,2,2-trifluoroethyl.The terms "hydroxyalkyl" and
"alkoxyalkyl" as used herein denotes alkyl radical as
herein defined wherein one to three hydrogen atoms on
different carbon atoms is/ are replaced by hydroxy! or
alkoxy groups respectively. "Hydroxyalkyl" includes 2-
hydroxyethyl, 2-hydroxypropyl,
l-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Ci-6 alkoxy-Ci-3 alkyl
refers to the substituent wherein a C1-3 alkyl is
substituted by a Ci-6 alkoxy radical. The terms
"amino", "alkylamino" and "dialkylamino" as used
herein refer to -NH 2, - NHR and -NR 2 respectively
and R is alkyl as defined above. The two alkyl groups
attached to a nitrogen in a dialkyl moiety can b e the
same or different. The terms "aminoalkyl",
"alkylaminoalkyl" and "dialkylaminoalkyl" as used
herein refer to NH2(CH 2)n-, RHN(CH 2)n-, and R2N(CH
2)n- respectively wherein n is 1 to 6 and R is alkyl
as defined above. "Cp o alkylamino" as used herein
refers to an-aminoalkyl wherein alkyl is C M O. The
term "phenylamino" as used herein refers to -NHPh
wherein Ph represents an optionally substituted phenyl
group. The term "C4-6 cycloalkylamino" refers to a
group -NHR wherein R is a cycloalkyl group as defined
herein. Thus, for example, "phenylalkyl" denotes the
radical R'R"-, wherein R' is a phenyl radical, and R"
is an alkylene radical as defined herein with the
understanding that the attachment point of the
phenylalkyl moiety will b e on the alkylene radical.
Examples of phenylalkyl radicals include, but are not
limited to, benzyl, phenylethyl and 3- phenylpropyl.
The terms "arylalkyl" or "aralkyl" are interpreted
similarly except R' is an aryl radical as defined
herein. The terms "(het) arylalkyl" or "(het) aralkyl"
are interpreted similarly except R' is optionally an
aryl or a heteroaryl radical as defined herein. The
terms "tetrahydofuran" and "tetrahydropyran" refer to
a five- and sixmembered heterocyclic rings containing
one oxygen atom is the ring wherein the point of
attachment is anywhere on the ring. It will b e
appreciated by the skilled artisan that the compounds
of formula I may contain one or more chiral centers
and therefore exist in two or more stereoisomeric
forms. The racemates of these isomers, the individual
isomers and mixtures enriched in one enantiomer, as
well as diastereomers when there are two chiral
centers, and mixtures partially enriched with specific
diastereomers are within the scope of the present
invention. The present invention includes all the
individual stereoisomers (e.g. enantiomers), racemic
mixtures or partially resolved mixtures of the
compounds of formula I and, where appropriate, the
individual tautomeric forms thereof.The racemates can
be used as such or can be resolved into their
individual isomers. The resolution can afford
stereochemically pure compounds or mixtures enriched
in one or more isomers. Methods for separation of
isomers are well known (cf. Allinger N. L. and Eliel
E. L. in "Topics in Stereochemistry", Vol. 6, Wiley
Interscience, 1971) and include physical methods such
as chromatography using a chiral adsorbent. Individual
isomers can be prepared in chiral form from chiral
precursors. Alternatively individual isomers can be
separated chemically from a mixture by forming
diasteromeric salts with a chiral acid, such as the
individual enantiomers of 10-camphorsulfonic acid,
camphoric acid, a-bromocamphoric acid, tartaric acid,
diacetyltartaric acid, malic acid, pyrrolidone-
5-carboxylic acid, and the like, fractionally
crystallizing the salts, and then freeing one or both
of the resolved bases, optionally repeating the
process, so as obtain either or both substantially
free of the other; i.e., in a form having an optical
purity of >95%. Alternatively the racemates can be
covalently linked to a chiral compound (auxiliary) to
produce diastereomers which can be separated by
chromatography or by fractional 



crystallization after which time the chiral auxiliary
is chemically removed to afford the pure enantiomers.
The compounds of formula I contain at least one basic
center and suitable acid addition salts are formed
from acids which form non-toxic salts. Examples of
salts of inorganic acids include the hydrochloride,
hydrobromide, hydroiodide, chloride, bromide, iodide,
sulphate, bisulphate, nitrate, phosphate, hydrogen
phosphate. Examples of salts of organic acids include
acetate, fumarate, pamoate, aspartate, besylate,
carbonate, bicarbonate, camsylate, D and L-lactate, D
and L-tartrate, esylate, mesylate, malonate, orotate,
gluceptate, methylsulfate, stearate, glucuronate,
2-napsylate, tosylate, hibenzate, nicotinate,
isethionate, malate, maleate, citrate, gluconate,
succinate, saccharate, benzoate, esylate, and pamoate
salts. For a review on suitable salts see Berge et al,
J. Pharm. ScL, 66, 1-19, 1977. Compounds of formula I
exhibit tautomerism. Tautomeric compounds can exist as
two or more interconvertable species. Prototropic
tautomers result from the migration of a covalently
bonded hydrogen atom between two atoms. Tautomers
generally exist in equilibrium and attempts to isolate
an individual tautomers usually produce a mixture
whose chemical and physical properties are consistent
with a mixture of compounds. The position of the
equilibrium is dependent on chemical features within
the molecule. For example, in many aliphatic aldehydes
and ketones, such as acetaldehyde, the keto form
predominates while in phenols, the enol form
predominates. Common prototropic tautomers include
keto/enol (-C(=O)-CH- -C(-OH)=CH-), amide/imidic acid
(-C(=O)-NH- -C(-OH)=N-) and amidine (-C(=NR)-NH-
-C(-NHR)=N-) tautomers. The latter two are
particularly common in heteroaryl and heterocyclic
rings and the present invention encompasses all
tautomeric forms of the compounds. Protecting groups
are used in the preparation of compounds of the
present invention and the term "protecting group" as
used herein refers to a chemical group that (a)
efficiently combines with a reactive group in a
molecule; (b) prevents a reactive group from
participating in an undesirable chemical reaction; and
(c) can be easily removed after protection of the
reactive group is no longer required. Protecting
groups are used in synthesis to temporarily mask the
characteristic chemistry of a functional group because
it interferes with another reaction. Reagents and
protocols for to introduce and remove protecting
groups are well known and have been reviewed in
numerous texts (e.g., T.W. Greene and P. G. M. Wuts,
Protective Groups in Organic Synthesis, 3rd edition,
John Wiley &Sons, New York, 1999, and Harrison and
Harrison et al., Compendium of Synthetic Organic
Methods, VoIs. 1-8 John Wiley and Sons, 1971-1996).
One skilled in the chemical arts will appreciate that
on occasion protocols must be optimized for a
particular molecule and such optimization is well with
the ability of one skilled in these arts.
Amino-protecting groups used extensively herein
include N-urethanes such as the N-benzyloxycarbonyl
group (cbz) or ferf-butoxycarbonyl (BOC) which is
prepared by reaction with di(t-butyl)dicarbonate and
benzyl groups. Benzyl groups are removed conveniently
by hydrogenolysis and BOC groups are labile under
acidic conditions. The term "nucleoside and nucleotide
reverse transcriptase inhibitors" ("NRTFs) as used
herein means nucleosides and nucleotides and analogues
thereof that inhibit the activity of HIV-I reverse
transcriptase, the enzyme which catalyzes the
conversion of viral genomic HIV-I RNA into proviral
HIV-I DNA. Typical suitable NRTIs include zidovudine
(AZT; RETROVIR ); didanosine (ddl; VIDEX(r));
zalcitabine (ddC; HIVID ); stavudine (d4T; ZERIT );
lamivudine (3TC; EPIVIR ); abacavir (ZIAGEN );
adefovir dipivoxil [bis(POM)-PMEA; PREVON*]; lobucavir
(BMS-180194), a nucleoside reverse transcriptase
inhibitor disclosed in EP-0358154 and EP-0736533;
BCH-10652, a reverse transcriptase inhibitor (in the
form of a racemic mixture of BCH-10618 and BCH-10619)
under development by Biochem Pharma; emitricitabine
[(-)-FTC] in development by Triangle Pharmaceuticals;
b-L-FD4 (also called b-L-D4C and named b -L-2',
3'-dicleoxy- 5-fiuoro-cytidene) licensed Vion
Pharmaceuticals; DAPD, the purine nucleoside, (-)- b-
D-2,6-diamino-purine dioxolane disclosed in EP-0656778
and licensed to Triangle Pharmaceuticals; and
lodenosine (FddA), 9-(2,3-dideoxy-2-fiuoro-
b-D-threopentofuranosyl) adenine, an acid stable
purine-based reverse transcriptase inhibitor under
development by U.S. Bioscience Inc. The term
"non-nucleoside reverse transcriptase inhibitors"
("NNRTFs) as used herein means non-nucleosides that
inhibit the activity of HIV- 1 reverse transcriptase.
Typical suitable NNRTIs include nevirapine (BI-RG-587;
VIRAMUNE ); delaviradine (BHAP, U-90152; RESCRIPTOR );
efavirenz (DMP-266; SUSTIVA ); PNU-142721, a
furopyridine-thio-pyrimidine under development by
Pfizer; AG-1549 (formerly Shionogi 



# S-1 153);
5-(3,5-dichlorophenyl)-thio-4-isopropyl-l-(4-pyridyl)m
ethyl-lH-imidazol-2- ylmethyl carbonate disclosed in
WO 96/10019; MKC-442
(l-(ethoxy-methyl)-5-(lmethylethyl)-
6-(phenylmethyl)-(2,4(lH, 3H)-pyrimidinedione); and
(+)-calanolide A (NSC-675451) and B, coumarin
derivatives disclosed in U.S. Pat. No. 5,489,697. TMC
125 (etravirine) and TMC 278 are two NNRTIs currently
in development by Tibotech The term "protease
inhibitor" ("PI") as used herein means inhibitors of
the HIV-I protease, an enzyme required for the
proteolytic cleavage of viral polyprotein precursors
(e.g., viral GAG and GAG Pol polyproteins), into the
individual functional proteins found in infectious
HIV-I. HIV protease inhibitors include compounds
having a peptidomimetic structure, high molecular
weight (7600 daltons) and substantial peptide
character. Typical suitable PIs include saquinavir (Ro
31-8959; INVIRASE(r); FORTOVASE ); ritonavir (ABT-538;
NORVIR ); indinavir (MK-639; CRIXIVAN ); nelfnavir
(AG-1343; VIRACEPT ); amprenavir (141W94; AGENERASE );
lasinavir (BMS-234475); DMP-450, a cyclic urea under
development by Triangle Pharmaceuticals; BMS-2322623,
an azapeptide under development by Bristol-Myers
Squibb as a 2ndgeneration HIV-I PI; ABT-378 under
development by Abbott; and AG-1549 an imidazole
carbamate under development by Agouron
Pharmaceuticals, Inc. Other antiviral agents include
hydroxyurea, ribavirin, IL-2, IL- 12, pentafuside.
Hydroxyurea (Droxia), a ribonucleoside triphosphate
reductase inhibitor shown to have a synergistic effect
on the activity of didanosine and has been studied
with stavudine. IL-2 (aldesleukin; PROLEUKIN ) is
disclosed in Ajinomoto EP-0 142268, Takeda EP-0
176299, and Chiron U.S. Pat. Nos. RE 33,653,
4,530,787, 4,569,790, 4,604,377, 4,748,234, 4,752,585,
and 4,949,314. Pentafuside (FUZEON ) a 36-amino acid
synthetic peptide that inhibits fusion of HIV-I to
target membranes. Pentafuside (3-100 mg/day) is given
as a continuous sc infusion or injection together with
efavirenz and 2 Pi's to HIV-I positive patients
refractory to a triple combination therapy; use of 100
mg/day is preferred. Ribavirin, l
-b-D-ribofuranosyl-lH-l,2,4-triazole-3-carboxamide.The
term "viral fusion inhibitors" as used herein refers
to compounds which inhibit fusion of the free virus
particle and introduction of the viral RNA into a host
cell independent of the molecular locus of inhibitor
binding. Viral fusion inhibitors therefore include,
but are not limited to T-20 peptide and protein
soluble receptors, antibodies, chimeric antibodies,
humanized antibodies. Other CD-4 binding ligands
including BMS- 378806, BMS-488043 or CXCR4 binding
ligands including KRH- 1636 (K. Ichiyama etal. Proc.
Nat. Acad. Sd USA 2003 100(7):4185-4190) could also be
co-administered with the present invention. In
addition to the potential for CCR5 modulators in the
management of HIV infections, the CCR5 receptor is an
important regulator of immune function and compounds
of the present invention may prove valuable in the
treatment of disorders of the immune system. Treatment
of solid organ transplant rejection, graft v. host
disease, arthritis, rheumatoid arthritis, inflammatory
bowel disease, atopic dermatitis, psoriasis, asthma,
allergies or multiple sclerosis by administering to a
human in need of such treatment an effective amount of
a CCR5 antagonist compound of the present invention is
also possible. Methods for treating rheumatoid
arthritis Modulators of the CCR5 receptor may be
useful in the treatment of various inflammatory
conditions. Rheumatoid arthritis is characterized by
infiltration of memory T lymphocytes and monocytes
into inflamed joints. As leukocyte chemotactic
factors, chemokines play an indispensable role in the
attraction of macrophages to various tissues of the
body, a process which is essential for both
inflammation and the body's response to infection.
Because chemokines and their receptors regulate
trafficking and activation of leukocytes which
contribute to the pathophysiology of inflammatory and
infectious diseases, agents which modulate CCR5
activity, preferably antagonizing interactions of
chemokines and their receptors, are useful in the
therapeutic treatment of such inflammatory diseases.
Elevated levels of CC chemokines, especially CCL2,
CCL3 and CCL5, have been found in the joints of
patients with rheumatoid arthritis and have been
correlated with the recruitment on monocytes and T
cells into synovial tissues (I. F. Charo and R. M.
Ransohoff, New Eng. J. Med. 2006 354:610-621). T-cells
recovered from synovial fluid of rheumatoid arthritis
have been shown to express CCR5 and CXCR3. P. Gao et
al., J. Leukocyte Biol. 2003 73:273-280) Met-RANTES is
an amino-terminal modified RANTESderivative which
blocks RANTES binding to the CCRl and CCR5receptors
with nanomolar potency. (A. E. Proudfoot et al, J.
Biol. Chem. 1996 271:2599-2603). The 



severity of arthritis in rats adjuvant- induced
arthritis was reduced by the administration of
Met-RANTES. In addition, the levels of
pro-inflammatory cytokines TNF-aand ILl b. (S.
Shahrara et al. Arthr. &Rheum. 2005 52:1907-1919)
Met-RANTES has been shown to ameliorate the
development of inflammation in an art recognized
rodent model of inflammation, the collagen induced
arthritis. (C. Plater-Zyberk et al. Immunol. Lett.
1997 57:117-120) TAK-779 has also been shown to reduce
both the incidence and severity of arthritis in the
collagen-induced arthritis model. The antagonist
inhibited the infiltration of inflammatory CCR5+
T-cells into the joint. (Y.-F. Yang et al., Eur. J.
Immunol. 2002 32:2124-2132). Another CCR5 antagonist,
SCH-X, was shown to reduce the incidence and severity
of collagen-induced arthritis in rhesus monkeys. (M.
P.M. Vierboom et al, Arthr. & Rheum. 2005
52(20):627-636). In some anti-inflammatory conditions
compounds of the present invention may be administered
in combination with other anti-inflammatory drugs
which may have a alternative mode of action. Compounds
which may be combined with CCR5 antagonists include,
but are not limited to: (a) a lipoxygenase antagonist
or biosynthesis inhibitor such as an inhibitor of 5-
lipoxygenase, leukotriene antagonists (e.g.,
zafirlukast, montelukast, pranlukast, iralukast,
pobilukast, SKB- 106,203), leukotriene biosynthesis
inhibitors (e.g., zileuton, BAY-1005); (b) a
non-steroidal anti-inflammatory agent or
cyclooxygenase (COXl and/or COX2) inhibitor such as
such as propionic acid derivatives (e.g.,
alminoprofen, benoxaprofen, bucloxic acid, carprofen,
fenbufen, fenoprofen, fluprofen, flurbiprofen,
ibuprofen, indoprofen, ketoprofen, miroprofen,
naproxen, oxaprozin, pirprofen, pranoprofen, suprofen,
tiaprofenic acid, and tioxaprofen), acetic acid
derivatives (e.g., indomethacin, acemetacin,
alclofenac, clidanac, diclofenac, fenclofenac,
fenclozic acid, fentiazac, furofenac, ibufenac,
isoxepac, oxpinac, sulindac, tiopinac, tolmetin,
zidometacin, and zomepirac), fenarnic acid derivatives
(flufenarnic acid, meclofenamic acid, mefenamic acid,
niflumic acid and tolfenamic acid), biphenylearboxylic
acid derivatives (diflunisal and flufenisal), oxicarns
(isoxicarn, piroxicam, sudoxicam and tenoxican),
salicylates (acetyl salicylic acid, sulfasalazine),
pyrazolones (apazone,bezpiperylon, feprazone,
mofebutazone, oxyphenbutazone, phenylbutazone) and
celecoxib; (c) a TNF inhibitor such as infliximab
(REMICADE ), etanercept (ENBREL ), or adalimumab
(HUMIRA ); (d) anti-inflammatory steroids such as
beclomethasone, methylprednisolone, betamethasone,
prednisone, dexamethasone, and hydrocortisone; (e)
immunomodulators such as cyclosporine, leflunomide
(ARAVA ), azathioprine (AZASAN ), penicillamine and
levamisole; (f) folate antagonists such as
methotrexate; (g) gold compounds such as
aurothioglucose, gold sodium thiomalate or auranofin.
Methods for Treating Transplant Rejection Rejection
following solid organ transplantation also is
characterized by infiltration of T-cells and
macrophages expressing the CCR5 receptor into the
interstitial area. (J. Pattison et at, Lancet 1994
343:209-21 1) Renal transplant patients homozygous for
the CCR5D32 deletion a significant survival advantage
of patients heterozygous for the CCR5D32 deletion or
homozygous wild type patients. (M. Fischerder et at,
Lancet 2001 357: 1758- 176 1) CCR5 knock-out mice
showed significant prolong graft survival in after
transplantation of heart and islet tissue. (W. Gao et
at, Transplantation 2001 72:1 199-1205; R. Abdi et at,
Diabetes 2002 51:2489-2495. Blocking the CCR5 receptor
activation has been found to significantly extend
cardiac allograph survival. (W. W. Hancock et at,
Curr. Opin. Immunol. 2003 15:479-486). In treatment of
transplant rejection or graft vs. host diseases CCR5
antagonists of the present invention may be
administered in combination with other
immunosuppressive agents including, but are not
limited to, cyclosporine (SANDIMMUNE ), tacrolimus
(PROGRAF , FK-506), sirolimus (RAPAMUNE , rapamycin),
mycophenolate mofetil (CELLCEPT ), methotrexate,
anti-IL-2 receptor (anti-CD25) antibodies such as
daclizumab (ZENAPAX ) or basiliximab (SIMULECT ),
anti-CD3 antibodies visilizumab (NUVION ) or muromonab
(OKT3, ORTHOCLONE ) . Methods for Treating Asthma and
COPDAntagonism of the CCR5 receptor has been suggested
as a target to inhibit of progression of asthma and
COPD by antagonism of ThI activation: B. Ma etal., J. 



Immunol. 2006 176(8):4968-4978, B. M et al, J. Clin.
Investig. 2005 115(12):3460-3472 and J. K. L. Walker
et al., Am. J. Respir. Cell Mo. Biol. 2006 34:71
1-718. Commonly used abbreviations include: acetyl
(Ac), azo-bis-isobutyrylnitrile (AIBN), atmospheres
(Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN),
tertbutoxycarbonyl (Boc), di-terf-butyl pyrocarbonate
or boc anhydride (BOC2O), benzyl (Bn), butyl (Bu),
benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4- diazabicyclo [2.2.2] octane (DABCO),
diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo [5.4.0] undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), diiso- propylazodicarboxylate
(DIAD), di-iso-butylaluminumhydride (DIBAL or DIBALH),
di-iso-propylethylamine (DIPEA), N,N-dimethyl
acetamide (DMA), 4-N,Ndimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), l,r-bis-(diphenylphosphino)ethane (dppe),
\,Y-bis- (diphenylphosphino)ferrocene (dppf),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH), 2-ethoxy-2Hquinoline-
1-carboxylic acid ethyl ester (EEDQ), diethyl ether
(Et2O), O-(7- azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), lithium hexamethyl disilazane
(LiHMDS), methanol (MeOH), melting point (mp), MeSO2-
(mesyl or Ms), methyl (Me), acetonitrile (MeCN),
mchloroperbenzoic acid (MCPBA), mass spectrum (ms),
methyl f-butyl ether (MTBE), Nbromosuccinimide (NBS),
N-carboxyanhydride (NCA), N-chlorosuccinimide (NCS),
Nmethylmorpholine (NMM), N-methylpyrrolidone (NMP),
pyridinium chlorochromate (PCC), pyridinium dichromate
(PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr),
pounds per square inch (psi), pyridine (pyr), room
temperature (rt or RT), tertbutyldimethylsilyl or
-BuMe2Si (TBDMS), triethylamine (TEA or Et3N),
2,2,6,6- tetramethylpiperidine 1-oxyl (TEMPO),
triflate or CF3SO2- (Tf), trifluoroacetic acid (TFA),
l,l'-fs-2,2,6,6-tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol-1-yl- N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or MesSi
(TMS), p-toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me-C6H4Sq 2- or tosyl (Ts),
N-urethane-Ncarboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(i-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning whenused with an alkyl moiety.
(J. Rigaudy and D. P. Klesney, Nomenclature in Organic
Chemistry, IUPAC 1979 Pergamon Press, Oxford.).
Compounds of the present invention can be made by a
variety of methods depicted in the illustrative
synthetic reaction schemes shown and described below.
The starting materials and reagents used in preparing
these compounds generally are either available from
commercial suppliers, such as Aldrich Chemical Co., or
are prepared by methods known to those skilled in the
art following procedures set forth in references such
as Fieser and Fieser's Reagents for Organic Synthesis;
Wiley &Sons: New York, Volumes 1-21; R. C. LaRock,
Comprehensive Organic Transformations, 2n edition
Wiley-VCH, New York 1999; Comprehensive Organic
Synthesis, B. Trost and I. Fleming (Eds.) vol. 1-9
Pergamon, Oxford, 1991; Comprehensive Heterocyclic
Chemistry, A. R. Katritzky and C. W. Rees (Eds)
Pergamon, Oxford 1984, vol. 1-9; Comprehensive
Heterocyclic Chemistry II, A. R. Katritzky and C.W.
Rees (Eds) Pergamon, Oxford 1996, vol. 1-11; and
Organic Reactions, Wiley &Sons: New York, 1991,
Volumes 1-40. The following synthetic reaction schemes
are merely illustrative of some methods by which the
compounds of the present invention can be synthesized,
and various modifications to these synthetic reaction
schemes can be made and will be suggested to one
skilled in the art having referred to the disclosure
contained in this Application. The starting materials
and the intermediates of the synthetic reaction
schemes can be isolated and purified if desired using
conventional techniques, including but not limited to,
filtration, distillation, crystallization,
chromatography, and the like. Such materials can be
characterized using conventional means, including
physical constants and spectral data. Unless specified
to the contrary, the reactions described herein
preferably are conducted under an inert atmosphere at
atmospheric pressure at a reaction temperature range
of from about -78 0C to about 150 0C, more preferably
from about O0C to about 125 0C, and most preferably
and conveniently at about room (or ambient)
temperature, 



e.g., about 20 0C. Some compounds in following schemes
are depicted with generalized substituents; however,
one skilled in the art will immediately appreciate
that the nature of the R groups can varied to afford
the various compounds contemplated in this invention.
Moreover, the reaction conditions are exemplary and
alternative conditions are well known. Thereaction
sequences in the following examples are not meant to
limit the scope of the invention as set forth in the
claims. Examples of representative compounds
encompassed by, and within the scope of, the present
invention are provided in the following Tables. These
examples and preparations which follow are provided to
enable those skilled in the art to more clearly
understand and to practice the present invention. They
should not be considered as limiting the scope of the
invention, but merely as being illustrative and
representative thereof. In general, the nomenclature
used in this Application is based on AUTONOM(tm)
v.4.0, a Beilstein Institute computerized system for
the generation of IUPAC systematic nomenclature. If
there is a discrepancy between a depicted structure
and a name given that structure, the depicted
structure is to be accorded more weight.
2-Benzyl-octahydro-pyrrolo[3,4-c] pyrrole (16a) was
prepared by [2,3]-dipolar cycloaddition of an imine
ylide with N-benzylmaleimide as described previously
(R. Colon-Cruz et al. WO 02/070523 and M. Bjdrsne et
al. WO 02/060902). Reduction of the imide, and
selective debenzylation are accomplished as described
therein. Pyrrolo[3,4- c]pyrrole-2(lH)-carboxylic acid,
hexahydro-, 1,1-dimethylethyl ester (16b) is prepared
from 16a by acylation and debenzylation (R. Colon-Cruz
et al. WO 02/070523, supra). Compounds of the present
invention which are 2-[2-(4-phenyl-piperidin-4-yl)-
ethyl] -octahydro-pyrrolo [3,4-c] pyrrole derivatives
(TABLE I) are typically prepared by reductive
amination of 16a or 16b with an aldehyde, e.g., 14, as
depicted in step 5 of SCHEME A to afford 18a.SCHEME A
10 12a: R = CO2Et 14 step A2 12b: R = CO2H step A3
12c: R = H step A9 16a: R = CH2Ph Ph 20a: R" = H 16b:
R = Boc step A6 18a: R' = CH2 18b: R' = H 20b: R" =
SO2R"' or COR"' 16c: R = H step A7 18c: R = COAr2 Ar
1=optionally substituted phenyl Ar2CO = A, B or C as
defined in TABLE I
N-Boc-4-(2-oxo-ethyl)-4-phenyl-piperidine (14, Ar = C
H 5) was prepared by conjugate addition of an aryl
Grignard reagent 11 to N-Boc-4-(l-cyano-2-ethoxy-2-
oxoethylidene)-l-piperidine (CAS Reg. No.
193537-11-0), to afford 12a which is saponified and
decarboxylated to afford the nitrile 12c. Hydrolysis
of esters may be achieved under conditions of acid or
base catalysis in aqueous salt to afford the
corresponding carboxylic acid. Typically the ester is
treated with an excess of a suitable base (e.g., LiOH,
NaOH or KOH) in aqueous organic solvent (e.g., EtOH,
MeOH, THF, dioxane, MeCN) at RT for up to 18 h. The
reaction can be accelerated by running the reaction at
elevated temperature, typically reflux temperatures.
The resulting nitrile is then reduced to the
corresponding aldehyde 14 (B. Chaudar et al. Synth.
Commun. 2006 36(3):279-284; W. Z. Kazmierski et al
WO2004054974 published July 1, 2004). Nitriles can be
reduced to aldehydes using a metal hydride reducing
agent to add a hydride to the nitrile and hydrolyzing
the resulting imine in situ. Typical hydride reagents
which have been used include LiAlH4, LiAlH(O-^t-BuK
DIBAL and NaAlH4. (J. March, Advanced Organic
Chemistry, John Wiley and Sons, NY, 1992, pp 919-920).
Compounds with substitution on the aryl ring are
prepared analogously from substituted Grignard
reagents.Amine protecting groups are well know in the
art and have been reviewed in numerous texts {e.g.,
T.W. Greene and P. G. M. Wuts, Protective Groups in
Organic Synthesis, 3r edition, John Wiley &Sons, New
York, 1999, and Harrison and Harrison et al.,
Compendium of Synthetic Organic Methods, VoIs. 1-8
John Wiley and Sons, 1971- 1996). The benzyl,
methoxybenzyl or benzyloxycarbonyl groups are commonly
used and are cleaved, for example, hydrogenolytically,
e.g. with hydrogen in the presence of a catalyst such
as palladium/ charcoal in a solvent such as MeOH,
EtOH, EtOAc, DMF, 



DMF/acetone or glacial HOAc optionally with the
addition of an acid such as HCl at temperatures
between 0 and 50 C, but preferably at ambient
temperature, and at a hydrogen pressure of 1 to 7 bar,
but preferably 3 to 5 bar. Alternately a tert-butg\ or
tertbutyloxycarbonyl group an effective amine
protecting group that is preferably cleaved by
treating with an acid such as TFA or HCl, optionally
using a solvent such as DCM, dioxane or Et2q .
tert-Butg\ protecting groups are not cleaved by
hydrogenation. The side chain bearing the aldehyde is
introduced onto the octahydro-pyrrolo[3,4- c ]pyrrole
scaffold by reductive amination. Reductive amination
is preferably carried out by combining an amine and
carbonyl compound in the presence of a complex metal
hydride reducing agent such as NaBH4, LiBH4, NaB(CN)H
3, Zn(BH 4)2, sodium triacetoxyborohydride or
borane/pyridine conveniently at a pH of 1-7 or in the
presence of hydrogen and a hydrogenation catalyst,
e.g. in the presence of palladium/ charcoal, at a
hydrogen pressure of 1 to 5 bar, preferably at
temperatures between 20 C and the boiling temperature
of the solvent used. Optionally a dehydrating agent,
such as molecular sieves or Ti(IV) (O-i-Pr) 4, is
added to facilitate formation of the intermediate
imine at ambient temperature. It may also be
advantageous to protect potentially reactive groups
during the reaction with conventional protecting
groups which are cleaved again by conventional methods
after the reaction. Reductive amination procedures
have been reviewed: R. M. Hutchings and M. K.
Hutchings Reduction of C=N to CHNH by Metal Hydrides
in Comprehensive Organic Synthesis col. 8, 1. Fleming
(Ed) Pergamon, Oxford 1991 pp. 47- 54. After the first
nitrogen substituent is introduced and elaborated the
remaining nitrogen of the octahydro-pyrrolo[3,4-c]
pyrrole scaffold is deprotected and acylated to afford
18c. Acylations can be conveniently carried out with a
corresponding acyl halide or acid anhydride, which are
prepared from the corresponding carboxylic acid, in a
solvent such as DCM, CHCI , CCl4, Et O, THF, dioxane,
benzene, toluene, MeCN, DMF, aqueous sodium hydroxide
solution or sulfolane optionally in the presence of an
inorganic or organic base at temperatures between -20
and 200 C, but preferably attemperatures between -10
and 160 C. Typical organic bases include tertiary
amines include but are not limited to TEA, pyridine.
Typical inorganic bases include but are not limited to
K2CO3, Na2CO3 and NaHCO3. Sulfonylations can be
carried out analogously from the appropriate alkyl or
aryl sulfonyl chloride. Alternatively an amide can be
prepared by the coupling reaction of an amine compound
of formula 16a, 16b, 18b, 38, 60b, 68b or 74b and a
carboxylic acid in the presence of a coupling reagent,
e.g. diimides (e.g., EDCI, DCC), EEDQ, benzotriazol-1-
yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (BOP), DEAD-Ph 3P,
diethylcyanophosphate, diethylphosphorylazide,
2-chloro-l-methylpyridinium iodide, or ethyl
chloroformate, in an inert solvent, e.g. acetone, DMF,
MeCN; halogenated hydrocarbons, such as DCM, DCE, CHCl
; and ethers, such as THF and dioxane. If desired,
this reaction may be carried out in the presence of an
additive such as HOBt or 1- hydroxyazabenzotriazole or
in the presence of a base such as pyridine, TEA, DIPEA
or NMM. Finally deprotection of the piperidine
nitrogen and subsequent acylation, sulfonylation or
alkylation affords the desired compounds of the
invention. Acylation with a carboxylic acid, R'"Cq 2H,
carboxylic acid chloride, R'"COC1 or carboxylic acid
anhydride (R'"CO)2q or sulfonylation with a sulfonyl
chloride, R'"SO2C1 is carried as described previously.
The amine can be alkylated with an alkyl, heteroalkyl
or haloalkyl substituted with a leaving group. Common
leaving groups which can be used included halogen,
especially bromo iodo or chloro groups,
alkylsulfonates or haloalkylsulfonates. R" can be
alkyl, haloalkyl, heteroalkyl, optionally substituted
cycloalkyl, alkylcycloalkyl, optionally substituted
phenyl, furanyl or pyranyl. The following examples
illustrate that the sequence in which these steps are
performed is a matter of convenience and they can be
readily reversed such that the acylation is first
carried out on the 2-benzyl-octahydro-pyrrolo[3,4-c]
pyrrole after which the second amine is deprotected
and subjected to reductive amination. Furthermore
elaboration of the piperidine, pyrrolidinyl or
azetindinyl nitrogen substituent can be carried out
before or after the reductive amination step.METHOD
AND APPARATUS FOR RECOMMENDING SIMPLIFIED FARES WITH
CONSISTENT BUYACROSS Background of the Invention 1.
Field of the Invention The invention is useful in the
field of data processing and in particular to 



transportation reservation methods and systems for
selecting, pricing, and purchasing travel services.2 .
Discussion of Background Information A Computerized
Reservation System (CRS) is a computer system that
allows access to travel-related fares, schedules, and
availability. They also offer the capability of
booking reservations and generating tickets. A Global
Distribution System (GDS) is a Computerized
Reservation System that includes reservation databases
of suppliers in many countries. A supplier, also
referred to as a travel provider, is a company
providing travel services to the public, such as an
airline, railroad, cruise line, etc. Availability is a
supplier's inventory of seats, rooms, cabins, etc.,
that can be sold or reserved as of the time of a
traveler's inquiry. CRSs and GDSs typically provide a
capability for searching the availability of
accommodations that satisfy a passenger's specific
travel criteria. A fare is a price charged for a
travel service. Suppliers may set fares according to
their individual pricing and marketing policies. A CRS
or GDS in turn quotes fares to the public according to
the policies of the respective suppliers. Airlines
typically offer a variety of fares for any particular
flight. Fares may differ according to the class of
service (e.g., "first" class, "business" class, and
"economy" or "coach" class) and other conditions which
may include, by way of example:  one-way or round trip
travel;  travel day(s) of week; advance reservation
period (e.g., more than 14 days before scheduled
travel date);  permissibility of stopovers;
permissibility of open-jaw travel (i.e., a trip that
has no air travel between two points on the
itinerary);  permissibility of transfers;
permissibility of combinations;  blackout dates and
other travel restrictions; and  penalties for
cancellations and changes. A booking class, sometimes
called a fare class, is a class of service with a
particular set of conditions. By way of example, an
airline might offer a fullyrefundable ticket for
coach-class service with relatively few restrictions
as a first booking class. The airline additionally
might offer a non-refundable ticket for coach-class
service with many restrictions as a different booking
class. Airlines have varied practices for constructing
booking classes. Frequently, an airline will construct
booking classes directed to different market segments,
such as vacation travelers, business travelers, etc.
Vacation travelers tend to seek relatively lower fares
and in exchange are willing to accept relatively more
restrictions. Business travelers tend to seek greater
travel flexibility (fewer restrictions) and in
exchange are willing to accept higher fares. Airlines
may further segment their markets and construct
different booking classes targeted to different
sub-markets. As a result, it is notuncommon for a
major airline using large commercial aircraft to have
up to twenty or more booking classes for one flight.
FIG. 1 illustrates a process flow for obtaining
information about fares and availability for a
proposed trip. A user 10 selects input criteria 12 for
a travel itinerary. Typical itinerary criteria may be
a departure city, an arrival city, a departure date,
and a return date. A variety of other criteria may be
used, such as restrictions on choice of airline, class
of service, or relaxation of limits on travel dates.
An availability engine 14 selects a list of
recommended accommodations 16 in response to the
user-supplied criteria 12 . The list of accommodations
16 and associated fares are provided to the user 10 on
a display 18. The display 18 may be a personal
computer having a World Wide Web browser. The list of
recommended accommodations may be communicated to the
browser over the Internet or by other communication
channel. Availability engines use a variety of
techniques to select accommodations for display to a
prospective traveler. FIG. 2 illustrates an exemplary
schedule of flights for a hypothetical airline
offering air service from John F. Kennedy (JFK)
airport in New York, 



USA, to Charles DeGaulle (CDG) airport in Paris,
France. The schedule consists of five daily flights
F01 , F03, F05, F07 and F09 with departure and arrival
times as shown in the figure. Only east-bound flights
are shown. FIG. 3 illustrates a table of exemplary
booking classes and fares for the flights of FIG. 2 .
This example shows seventeen booking classes
designated by letters "A" through "Q" in the column
titled "Booking Class." The example shows three
classes of service designated as "Economic,"
"Business," and "First" in the column titled "Class."
The service classes depend on the specificsof the
equipment (aircraft) nominally assigned to serve the
route. In this example, the airline has constructed
ten booking classes for Economic-class service,
designated by letters "A" through "J" in the column
titled "Booking Class." The airline has constructed
five booking classes for Business-class service,
designated by letters "K" through "O," and two booking
classes for First- Class service, designated by
letters "P" and "Q." FIG. 3 also illustrates groupings
of booking classes. The airline has designated six
groups called "Lowest," "Middle," "Highest,"
"Classic," "Best," and "Luxury" in a column titled
"Group of Fares." Three groups pertain to
Economicclass service ("Lowest," "Middle," and
"Highest"). Two groups pertain to Business-class
service ("Classic" and "Best"), and a single group
pertains to First-class service ("Luxury"). The groups
of booking classes differ in various restrictions. The
four booking classes in the "Lowest" group ("A"
through "D") are non-refundable and non-exchangeable
as shown in a column titled "Group of Fare
Characteristics." In contrast, fares for the four
booking classes in the "Middle" group ("E" through
"H") are exchangeable. Fares for the two booking
classes in the "Highest" group ("I" and "J") are
refundable and exchangeable. The single booking class
in the "Best" group gives the traveler access to a
lounge without further cost, while passengers booked
in any of the four booking classes in the "Classic"
Business-class group must pay separately for lounge
access. These booking classes are merely exemplary.
Travel providers have a wide range of practices in
defining booking classes.Within each group of booking
classes, individual booking classes may differ in
other respects. Each individual booking class has a
fare as shown in the column titled "Fares." FIG. 4
illustrates an airline's initial assignment of seat
inventory to the booking classes of FIG. 3 . In this
example, the equipment (aircraft) assigned to the
route has 178 seats allocated to booking classes as
shown in the figure. For example, the airline has
limited the total number of seats that can be sold
under booking classes "A" and "E" jointly to 20. Thus,
if 15 passengers are ticketed under booking class "A",
only 5 could be ticketed under booking class "E."
(Airlines sometimes engage in overbooking and
inventory management, but such practices are not
discussed here.) Modern air fare pricing is complex.
Differing airlines may use different practices
depending on their respective competitive and market
strategies. Those practices may be subject to various
regulatory, economic, and other constraints. The
nature of travel demand is probabilistic in that the
traveling public may increase or decrease demand for
air travel. They may cancel or change travel plans,
miss flights, etc., in ways that are seemingly random
to the airline. Low-cost booking classes may have
prices that are less than the average, per-person cost
of service, while high-cost booking classes may have
prices that are greater than the average, per-person
cost of service. Revenue for a booking class can be
calculated as the sold inventory multiplied by the
fare for the respective booking class. Total revenue
for a full aircraft would be the sum of revenues for
all booking classes. It is necessary for airlines to
limit the number of tickets available at the lowest
fare levels in order to cover the total cost of
service.Over time, some booking classes may become
exhausted, and further bookings under those booking
classes may not be allowed. For example, vacation
travelers tend to reserve low-cost fares far in
advance of the travel date. Less expensive booking
classes tend to close earliest, and inquiries by
last-minute travelers tend to find availability only
for more expensive booking classes. While this may
have an appearance of rising prices, it is a
consequence of exhaustion of low-price inventory. 



FIG. 5 illustrates an exemplary display of a table of
fares and availabilities for the flights of Figs. 2-4
at a time when tickets are available in all booking
classes. Entries in the first column identify flights.
Entries in the top rows designate service classes and
groups of fares within those service classes. The
cells display the lowest fares available from each
group of fares for each flight. The display may
include a "radio button" symbol (circle) which, in a
web browser display, allows a user to select a
particular cell for further processing, such as
purchasing a ticket. FIG. 6 illustrates a table of
availabilities at a time when seat inventory has been
partially sold. Entries in the left column identify
booking classes. Some booking classes may share
inventory, such as classes "A+E," "B+F," "C+G," and
"D+H." Entries in the top row identify flights. Cell
entries indicate inventory of seats available to be
sold in each booking class for each flight. An entry
of zero indicates that no inventory is available and a
booking class has been closed. For example, in the
column for flight F05, there is no availability for
booking classes "A+E," "B+F," "I," or "K." FIG. 7
illustrates an exemplary display of a table of fares
and availabilities for the flights Figs. 2-4 at a time
when availability is as shown inFIG. 6. For flight
F05, the cell 70 for the "Lowest" group displays a
fare of 5 15$. This is because there is no
availability for booking classes A or B for this
flight, as shown in FIG. 6 . Booking classes "C" and
"D" have availability ( 12 and 20 seats respectively).
From FIG. 3, booking class "C" has the lower fare (51
5$), and this is the fare that appears in the cell 70
(FIG. 7). The cell 72 for the "Middle" group displays
a fare of 565$ based on availability in booking class
"G." (Booking classes "E" and "F" were closed.) The
cell 74 for the "Highest" group displays a fare of
825$ based on availability in booking class "J."
(Booking class "I" was closed.) The cell 76 for the
"Classic" Business-class service group displays a fare
of 1600$ based on availability in booking class "L."
(Booking class "K" was closed.) For flight F07, the
cell 78 for the "Luxury" group displays no fare. This
is because there is no availability for booking class
"P" or "Q." In the example of Figs. 2-4, the airline
has chosen to share inventory between booking classes
of the "Lowest" and "Middle" groups. There is a oneto-
one correspondence between booking classes of the two
groups. That is, there is a pairing of booking classes
"A" and "E," "B" and "F," "C" and "G," and "D" and
"H." The price difference between booking classes of
each pair is exactly the same -- $50 in this example.
In circumstances such as this, it is possible to price
fares as a "buy-across." That is, the fare in the more
expensive group may be a fixed increment above the
price of a corresponding fare in the less expensive
group.Summary It is not generally practical to price
fares as a buy-across because of the variety and
complexity of practices for constructing booking
classes and pricing. For the example of FIG. 3, while
there may be a one-to-one correspondence between the
four booking classes of the "Lowest" and "Middle"
groups, there is not such a one-to-one correspondence
between the Lowest and Highest groups, nor is there
such a correspondence between the Classic and Best
groups. This may arise because of marketing, economic,
regulatory, or other constraints that affect the
construction of booking classes. There is significant
cost to an airline to expand an existing set of
booking classes to have a one-toone correspondence
with reference groups. The costs arise in part from
internal expenses in analyzing and maintaining
additional booking classes, as well as complications
in publishing and disseminating information about fare
classes. An object of the invention is to provide an
improved computing interface between a centralized
database of travel information and users worldwide. A
further object of the invention is to provide an
improved computer system for disseminating travel
information. A further object of the invention is to
provide an improved computer system for processing
complex travel data from a plurality of independent
data suppliers for use by a plurality of independant
data users. These and other objects are achieved in a
novel system and method that 



facilitates processing, communication and display of
travel information to an end user. Suppliers of travel
data define and provide for storage in a database a
first group of booking class data, additional groups
of booking class data, andavailability data for the
booking classes. An availability engine searches the
database for booking classes with availability and
recommends travel data satisfying availability and
other search criteria. For each recommendation
generated by the availability engine in a certain
group (referred to here as a deduced group), a
computing apparatus identifies a corresponding fare
value in the reference group. The apparatus computes a
fare for the booking class of the deduced group as the
fare of the corresponding booking class of the
reference group plus a buy-across value. A travel
provider may define a single booking class for a
deduced group and perform a buy-across calculation
from the booking class of the reference group with the
lowest available fare. Other exemplary embodiments and
advantages of the present invention may be ascertained
by reviewing the present disclosure and the
accompanying drawings. Brief Description of the
Drawings The present invention is further described in
the detailed description which follows, in reference
to the noted plurality of drawings by way of
nonlimiting examples of certain embodiments of the
present invention, in which like numerals represent
like elements throughout the several views of the
drawings, and wherein: FIG. 1 illustrates a process
flow for recommending travel itineraries; FIG. 2
illustrates an exemplary schedule of flights for a
hypothetical airline offering service from JFK airport
in New York, USA, to Charles DeGaulle airport in
Paris, France;FIG. 3 illustrates an exemplary booking
class structure for the flights of FIG. 2; FIG. 4
illustrates an initial assignment of seat inventory to
booking classes of FIG. 3; FIG. 5 illustrates an
exemplary display of a table of fares for the schedule
of Figs. 2-4 at a time when seats are available to be
sold in all booking classes; FIG. 6 illustrates a
table of availabilities at a time when seat inventory
has been partially sold; FIG. 7 illustrates an
exemplary display of a table of fares for the schedule
of Figs. 2-4 at a time when seat availability is as
shown in FIG. 6; FIG. 8 illustrates an improved
process flow for recommending travel itineraries; FIG.
9 illustrates a table of buy-across values; FIG. 10
illustrates a simplified fare structure; FIG. 11
illustrates a display of fares under the availability
conditions of FIG. 6, but using a consistent
buy-across; FIG. 12 illustrates a network architecture
suitable for implementing a consistent buy-cross
service. Detailed Description of Exemplary Embodiments
The particulars shown herein are by way of example and
for purposes of illustrative discussion of the
embodiments of the present invention only and are
presented in the cause of providing what is believed
to be the most useful and readily understood
description of the principles and conceptual aspects
of the present invention. In this regard, no attempt
is made to show structural detailsof the present
invention in more detail than is necessary for the
fundamental understanding of the present invention,
the description taken with the drawings making
apparent to those skilled in the art how the several
forms of the present invention may be embodied in
practice. As part of the setup for performing a
consistent buy-across as discussed below, an airline
establishes booking classes and groups of booking
classes for flights. Methods for doing this are
presently known, but the invention is not limited to
currently-known practices. In addition, the airline
designates one group as a "reference" group for one or
more other groups. For each other group for which a
buy-across will be used, the airline further
designates a buyacross value. The buy-across value may
be different for each non-reference group. The airline
also defines associations between booking classes of
the reference group and booking classes of
non-reference groups. 



For example, if an airline designates two groups for
coach-class accommodations, where the first group is
characterized by non-refundable fares and the second
group is characterized by refundable fares, the
airline might designate a buy-across value as a
marginal economic value to it for refundability. An
airlines may use a variety of criteria for designating
groups, and the airline may select buy-across values
commensurately with the criteria. FIG. 8 illustrates a
process flow for recommending travel accommodations
with consistent buy-across. Similar to some aspects of
the process illustrated in FIG. 1, a user 10 selects
criteria 12 for a travel itinerary. An availability
engine 14 selects a list of recommended itineraries 16
that satisfy the user-supplied travel criteria. The
search algorithm may be of any type, provided that it
return booking classes from at least two groups.
Unlike theprocess of FIG. 1, a buy-across service 20
processes the list of recommended itineraries 16 to
generate an improved list of itineraries 22 with a
consistent buyacross amount. For each booking class in
the list of recommendations 16, the buy-across service
20 performs a number of processes, as discussed
further below. The buy-across service 20 checks
whether a recommended booking class is part of the
reference group of booking classes. If so, the
buy-across service 20 passes the fare on for display
to the user 10 . The buy-across service can determine
whether the booking class is part of a reference group
in any of several ways. The association may be a
pre-programmed rule, or the GDS can communicate this
information to the buy-across service 20 along with
the list of recommendations. Alternately, the
buy-across service 20 may make a separate query to the
GDS. Assuming the recommended booking class is not
part of the reference group of booking classes, the
buy-across service searches for an associated booking
class from the reference group. The associated booking
class may be the booking class of the reference group
with the lowest available fare. If the reference group
lacks an associated booking class, the buy-across
service 20 passes the fare of the recommended booking
class on for display to the user 10 . The buy across
service 20 may obtain information about the
associations among booking classes in a variety of
ways. The GDS can communicate information about
booking class association to the buy-across service 20
along with the list of recommendations or in response
to a separate query. Assuming the buy-across service
identifies an associated booking class in the
reference group, the buy-across service computes a new
fare for therecommended booking class. The new fare is
the fare of the associated booking class in the
reference group plus the buy-across value. Said
mathematically, the new fare is: $Y = $X + $B, where:
$Y is the new fare of the recommended booking class,
$X is the fare of the associated booking class in the
reference group, and $B is the buy-across value. The
"zap-off' amount is: $Z = ($Y - ($X + $B)), where $Z
is the zap-off amount, and the other variables are as
defined above. The buy-across service 20 communicates
the new fare of the recommended accommodation to the
user 10 . If the user 10 ultimately makes a booking
for the recommended booking class, the buy-across
service applies a "zap off' to the fare of the
recommended booking class to adjust it to the new
fare. That is, the buy-across service 20 performs a
pre-defined transaction with the CRS or GDS to adjust
the fare of the recommendation. FIG. 9 illustrates a
table of buy-across values for the example of FIGS. 2-
4 . In FIG. 9, the airline has designated the "Lowest"
group as the reference group for the "Middle" and
"Highest" groups in the Economic class of service. The
buy-across amounts are 50$ and 300$ respectively. The
airline has also designated the "Classic" group as the
reference group for the "Best" group in the Business
class of service, with a buy-across value of $ 100.
FIG. 10 illustrates a simplified fare structure for
use with the buy-across service described above. It is
similar to the fare structure of FIG. 3 . Notably
different is the single fare, "MIDECO" for the entire
"Middle" group. Similarly, the fare structure of FIG.
10 has a single fare, "HIGHECO," for the
"Highest"group. An airline may choose fares for the
MIDECO and HIGHECO classes 



according to its own pricing methodologies. By
comparing the examples shown in FIG. 1 with that of
FIG. 3, the MIDECO price (575$) equals the highest
fare in the "MIDDLE" group (i.e., that of booking
class "H"). FIG. 11 illustrates a display of fares
under the availability conditions of FIG. 6, but using
a consistent buy-across as described above. For
comparison purposes, cell entries also show in
strike-out font the fares that would have been quoted
under the method described with respect to FIG. 7 . It
should be understood that the fares shown in strikeout
font would not actually be disclosed to potential
customers. They are shown here only to facilitate
explanation. By way of illustration in FIG. 11, flight
F05 displays a fare of 5 15$ in the cell 110 for the
"Lowest" group. This results from availability for
booking class "C" as shown in Fig. 6 (showing 12 seats
available). Booking class "C" is in a reference group,
and the buy-across service passes on the fare
unchanged for display to the user. The display for
flight F05 shows a fare of 565$ in the cell 112 for
the "Middle" group. For the availability of FIG. 6,
the availability engine would return a recommended
booking class G with a fare "MIDECO." The airline has
designated the "Lowest" group as the reference group
for the Middle group (FIG. 9). The buy-across service
searches the reference group ("Lowest") for the
booking class with the lowest available fare, which
from FIG. 6 is booking class "C" (51 5$). The
buy-across service calculates a new price for the
MIDECO booking class as the fare for booking class "C"
(51 5$) plus the buyacross value of 50$ (FIG. 9). This
calculation results in the displayed fare "MIDECO"
with a price of 565$.The display for flight F05 shows
a fare of 8 15$ in the cell 114 for the "Highest"
group. The airline has designated the "Lowest" group
as the reference group for the "Highest" group. The
buy-across service associates the HIGHECO booking
class with booking class "C" based on its availability
(12 seats) and price (51 5$). The buy-across service
computes a price for the HIGHECO fare as the fare for
booking class "C" (51 5$) plus the buy across value of
300$ (FIG. 9). The display for flight F05 shows a fare
of 1700$ in the cell 116 for the "Best" group. The
airline has designated the "Classic" group as the
reference group for the "Best" group. The buy-across
service associates the booking class "O" of the "Best"
group with booking class "N" of the "Classic" group
based on the availability (4 seats) and price ( 1800$)
for booking class "N." The buyacross service computes
a fare for booking class "O" as the fare for class "N"
( 1800$) plus the buy across value of 100$ (FIG. 9).
The buy-across method disclosed above may be extended
to itineraries having connecting flights. For example,
if a user seeks transportation from Heathrow airport,
London, England (LHR), to JFK airport in New York,
USA, an availability engine might recommend
itineraries on flights connecting at Charles DeGaulle
airport, i.e., a flight from Heathrow to Charles
DeGaulle airport (CDG) with a connecting flight from
Charles DeGaulle to JFK. For purposes of example, the
airline might have a flight schedule between Charles
DeGaulle and JFK as shown in FIG 2, buy-across values
as shown in FIG. 9, and booking classes as shown in
Fig. 10 . There might be availability in all booking
classes except "I" in the "Highest" group. For
connecting flights between Heathrow andCharles
DeGaulle, the airline might have availability in a
"Lowest" group booking class BEURO with a fare of
100$, and in a "Highest" group booking class HIGHECOEU
with a fare of 200$. The availability engine then
might return a reference fare in the "Lowest" group
for the two-flight segment (LHRCDG- JFK) of $600 that
would result as the sum of 500$ for an AATLAN fare
plus 100$ for a BEURO fare. That "Lowest" group fare
would be the reference for a buy-across. Assuming
availability in booking classes "J" (CDG-JFK) and
HIGHECOEU (LHR-CDJ) the availability engine might
recommend a "Highest" group price of 1025$, that would
result as a sum of 825$ for a HIGHECO fare plus 200$
for a HIGHECOEU fare. However, the buy-across service
would compute a price for a "Highest" group fare of
900$, which would result as a sum of 600$ (from the
"Lowest" group fare) plus a buy-across value of $300
(from Fig. 9). 



FIG. 12 illustrates a system architecture for
implementing a buy-across service as discussed above.
End users interact with computer terminals 100 to make
a request for recommendations for a trip. The
terminals may be general purpose personal computers
with browsers, but it will be appreciated that a
variety of electronic devices could provide
appropriate displays and communications capability.
The terminals 100 preferably communicate over a public
network 101 , such as the Internet, with one or more
web servers 102 that serve web pages, manage
communications, and may perform other functions. The
web servers 102 may, for example, host retail
e-commerce web sites for travel agents or airlines.
The web servers 102 may in turn communicate with a
retail engine server 104 that manages communications
and acts as a middle layer between the web servers 102
and a GDS 106. Alternately, end userterminals 100 may
communicate directly with the retail engine server
104. The retail engine server 104 serves as an
interface to a GDS and may communicate with the GDS
through an intermediate communication server 108. The
intermediate communication server 108 may, for
example, consolidate traffic from other sources not
associated with retail transactions. The retail engine
server 104 preferably performs the functions of the
buy-across service. A plurality of suppliers 110
provide travel data for storage in the GDS 106. In one
arrangement, the intermediate communication server 108
and retail engine server 104 may be operated in
relative proximity to the computers of the GDS. A
large number of Web servers 102 and end-user terminals
100 may be located around the world. This architecture
facilitates worldwide communication to the GDS and is
convenient for consolidating and managing high volumes
of retail traffic to the GDS. However, it will be
appreciated by those skilled in the art that other
network architectures may be used. It is noted that
the foregoing examples have been provided merely for
the purpose of explanation and are in no way to be
construed as limiting of the present invention. While
the present invention has been described with
reference to certain embodiments, it is understood
that the words which have been used herein are words
of description and illustration, rather than words of
limitation. Changes may be made, within the purview of
the appended claims, as presently stated and as
amended, without departing from the scope and spirit
of the present invention in its aspects. Although the
present invention has been described herein with
reference to particular means, materials and
embodiments, the present invention is not intended to
be limited to the particulars disclosed herein;
rather, the present invention extends to
allfunctionally equivalent structures, methods and
uses, such as are within the scope of the appended
claimsWhat is claimed is: 1. A system for storing,
retrieving, and communicating travel information
comprising: a plurality of travel data suppliers [ 1
10], at least one travel data supplier defining a
plurality of booking classes where (a) each booking
class is associated with a fare value and an
availability value, (b) a first set of booking classes
is associated together as a reference group, (c) a
second set of booking classes is associated together
as a second group, (d) the second group is associated
with the reference group, (e) the number of booking
classes in the second group is potentially unequal
with the number of booking classes in the reference
group, and (f) a buy-across value is associated with
the reference group and with the second group; a
database [ 1 06] storing the booking classes, fare
values, reference group, second group, and buy-across
value and being capable of searching the database to
retrieve selected travel data including at least one
booking class of the reference group, a booking class
of the second group, and a fare associated with a
booking class of the reference group; and an interface
[ 1 04] between the database [ 1 06] and end users [1
00], said interface computing a fare for a retrieved
itinerary based upon the fare associated with the
booking class of the reference group and the
buy-across value. 2 . The system of claim 1 wherein
the interface [ 1 04] further conducts an electronic
transaction with the database [ 1 06] that results in
a reduction in an availability value of a booking
class of the second group in response to a 



communication from an end user 100.3 . The system of
claim 2 wherein the electronic transaction records the
fare computed, by the interface. 4 . The system of
claim 1 wherein the fare associate with the reference
group is the lowest fare of a booking class in the
reference group with a non-zero availability. 5 . An
interface for a system for storing, retrieving, and
communicating travel information; said system
including a plurality of travel data suppliers [ 1
10], at least one travel data supplier defining a
plurality of booking classes where (a) each booking
class is associated with a fare value, (b) a first set
of booking classes is associated together as a
reference group, (c) a second set of booking classes
is associated together as a second group associated
with the reference group, (d) the number of booking
classes in the second group is potentially unequal
with the number of booking classes in the reference
group, and (e) a buy-across value is associated with
the reference group and with the second group; said
system further including a database [ 1 06] storing
the booking classes, fare values, reference group,
second group, and buyacross value and capable of
retrieving selected travel data including at least one
booking class of the reference group and a fare
associated with a booking class of the reference
group; said interfacing computing a fare based upon
the fare associated with the booking class of the
reference group and the buyacross value. 6 . The
interface of claim 5 further characterized by a
capability to conduct an electronic transaction with
the database [106] that results in a reduction in an
availability value of a booking class of the second
group in response to a communication from an end user
[ 1 00].7 . The interface of claim 6 wherein the
electronic transaction records the fare computed by
the interface. 8 . The system of claim 5 wherein the
fare associate with a booking class of the reference
group is the lowest fare of a booking class in the
reference group with a non-zero availability. 9 . A
method for retrieving and displaying travel
information stored in a database, said database
including (a) a plurality of booking classes, (b) a
reference group having a plurality of the booking
classes (c) a second group of the booking classes, the
number of booking classes in the second group being
potentially different from the number of booking
classes in the reference group, and (d) a buy-across
value associated with the reference group and the
second group; said method comprising steps of:
receiving at a computing apparatus at least one fare
of a booking class of the reference group, a booking
class from the second group, and the buyacross value;
computing a fare value for an itinerary based on a sum
of the fare of the booking class of the reference
group plus a buy-across value; and transmitting to a
user a fare value based on the buy-across value. 10 .
The method of claim 9 further including a step of
conducting an electronic transaction between the
computing apparatus and the database [106] that
results in a reduction in an availability value of a
booking class of the second group. 11. The method of
claim 10 wherein the electronic transaction records
the fare computed at the computing apparatus.12 . The
method of claim 9 wherein the fare of the booking
class of the reference group is the lowest fare of a
booking class in the reference group with a non-zero
availability. 13 . A method of pricing a travel
itinerary comprising: receiving at a computing
apparatus a recommended travel itinerary that includes
a recommended booking segmentation belonging to a
predefined group of booking segmentations; computing a
fare for the recommended travel itinerary that is
based on a fare of a reference group of booking
segmentations and a buy-across value. 14. A system for
storing, retrieving, and communicating travel
information; said system including a database [106]
storing segmentation classes; said interfacing
computing a fare based upon a fare associated with a
segmentation class and a buy-across value. 


