
NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS The
invention relates to the field of antiviral therapy
and, in particular, to nonnucleoside compounds that
inhibit HIV reverse transcriptase and are useful for
treating Human Immunodeficiency Virus (HIV) mediated
diseases. The invention provides novel pyrimidine
compounds according to formula I, for treatment or
prophylaxis of HIV mediated diseases, AIDS or ARC,
employing said compounds in monotherapy or in
combination therapy. The human immunodeficiency virus
HIV is the causative agent of acquired
immunodeficiency syndrome (AIDS), a disease
characterized by the destruction of the immune system,
particularly of the CD4+ T-cell, with attendant
susceptibility to opportunistic infections. HIV
infection is also associated with a precursor AIDS -
related complex (ARC), a syndrome characterized by
symptoms such as persistent generalized
lymphadenopathy, fever and weight loss. In common with
other retroviruses, the HIV genome encodes protein
precursors known as gag and gag-pol which are
processed by the viral protease to afford the
protease, reverse transcriptase (RT),
endonuclease/integrase and mature structural proteins
of the virus core. Interruption of this processing
prevents the production of normally infectious virus.
Considerable efforts have been directed towards the
control of HIV by inhibition of virally encoded
enzymes. Currently available chemotherapy targets two
crucial viral enzymes: HIV protease and HIV reverse
transcriptase. (J. S. G. Montaner et ah,
Antiretroviral therapy: 'the state of the art', Biomed
& Pharmacother. 1999 53:63- 72; R.W. Shafer and D. A.
Vuitton, Highly active retroviral therapy (HAART) for
the treatment of infection with human immunodeficiency
virus type, Biomed. &Pharmacother.1999 53 :73-86; E.
De Clercq, New Developments in Anti-HIV Chemotherap.
Curr. Med. Chem. 2001 8:1543-1572). Two general
classes of RTI inhibitors have been identified:
nucleoside reverse transcriptase inhibitors (NRTI) and
non-nucleoside reverse transcriptase inhibitors.
Currently the CCR5 co-receptor has emerged as a
potential target for anti-HIV chemotherapy (D.
Chantry, Expert Opin. Emerg. Drugs 2004 9(1): 1-7; C.
G. Barber, Curr. Opin. Invest. Drugs 2004
5(8):851-861; D. Schols, Curr. Topics Med. Chem. 2004
4(9):883-893; N. A. Meanwell and J. F. Kadow, Curr.
Opin. DrugDiscov. Dev. 2003 6(4):451-461).NRTIs
typically are 2',3'-dideoxynucleoside (ddN) analogs
which must be phosphorylated prior to interacting with
viral RT. The corresponding triphosphates function as
competitive inhibitors or alternative substrates for
viral RT. After incorporation into nucleic acids the
nucleoside analogs terminate the chain elongation
process. HIV reverse transcriptase has DNA editing
capabilities which enable resistant strains to
overcome the blockade by cleaving the nucleoside
analog and continuing the elongation. Currently
clinically used NRTIs include zidovudine (AZT),
didanosine (ddl), zalcitabine (ddC), stavudine (d4T),
lamivudine (3TC) and tenofovir (PMPA). NNRTIs were
first discovered in 1989. NNRTI are allosteric
inhibitors which bind reversibly at a
nonsubstrate-binding site on the HIV reverse
transcriptase thereby altering the shape of the active
site or blocking polymerase activity (R. W. Buckheit,
Jr., Nonnudeoside reverse transcriptase inhibitors:
perspectives for novel therapeutic compounds and
strategiesfor treatment of HIV infection, Expert Opin.
Investig. Drugs 2001 10(8) 1423-1442; E. De Clercq,
The role of non-nucleoside reverse transcriptase
inhibitors (NNRTIs) in the therapy of HIV infection,
Antiviral Res. 1998 38: 153-1 79; E. De Clercq, New
Developments in Anti-HIV Chemotherapy, Current
medicinal Chem. 2001 8(13):1543-1572; G. Moyle, The
Emerging Roles of Non-Nucleoside Reverse Transcriptase
Inhibitors in Antiviral Therapy, Drugs 2001 6 1
(l):19-26). Although over thirty structural classes of
NNRTIs have been identified in the laboratory, only
three compounds have been approved for HIV therapy:
efavirenz, nevirapine and delavirdine. Initially
viewed as a promising class of compounds, in vitro and
in vivo studies quickly revealed the NNRTIs presented
a low barrier to the emergence of drug resistant HIV
strains and class-specific toxicity. Drug resistance
frequently develops with only a single point mutation
in the RT. While combination therapy with NRTIs, PIs
and NNRTIs has, in many cases, dramatically lowered
viral loads and slowed disease progression,
significant therapeutic problems remain. (R. M.
Gulick, Eur. Soc. Clin. Microbiol and Inf. Dis. 2003
9(3):186-193) The cocktails are not effective in all
patients, potentially severe adverse reactions often
occur and the rapidly reproducing HIV virus has proven
adroit at creating mutant drug- resistant variants of
wild type protease and reverse transcriptase. There
remains a need for safer drugs with activity against
wild type and commonly occurring resistant strains of
HIV.8a 8b Pyrimidine compounds that inhibitor HIV- 1
reverse transcriptase have been disclosed (J.
Guillemont et al, WO2006/035068 published April 6,
2006; J. Guillemont et al, WO2006/035067 published
April 6, 2006; J. Guillemont et al, WO2006/045828
published May 4, 2006; J. Guillemont et al,
WO2006/035369 published April 6, 2006; H. A. De Kock
and P. Wigerinck, WO2006/094930 published September
14, 2006; H. A. De Kock and P. Wigerinck,
WO2006/087387 published August 24, 2006; P. A. J.
Jansen et al, J. Med Chem. 2005 48(6):1901-09; K. Das
et al, J. Med. Chem. 2004 47(10):2550-2660; J.
Guillemont et al, J. Med. Chem. 2005 48(6):2072-2079).
Pyrimidine compounds reported to exhibit effective
inhibition of HIV reverse transcriptase include TMC125
(8a) and TMS120 (8b) The present invention relates to
a compound according to formula I wherein: R1 is
CO2-tert-Bu, CO2Et, phenyl C1 alkyl, heteroaryl C1
alkyl, phenyl or heteroaryl wherein said heteroaryl
group is selected from the group consisting of
pyridinyl, pyridine-N-oxide, pyrimidinyl, thiophenyl,
pyrrolyl, thiazolinyl, imidazolinyl or quinolyl and
said phenyl or said heteroaryl is optionally
substituted with one to three groups independently
selected from the group consisting of: (a) C1-6 alkyl
(b) C1-6 alkoxy (c) C1-6 haloalkyl- A - (d) Ci-6
haloalkoxy 



(e) carboxyl (f) CONR 7aR7b (g) Ci-6 alkoxycarbonyl
(h) cyano (i) SO 2-C 6 alkyl (j) SO2NR8aR8b (k)
halogen, (1) nitro, (m) Ci- 3 cyanoalkyl; (n)
NR10aR10b; and, (o) NR10aSO2 C1-6 alkyl (p) CHR lla
Rllb COR 12, (q) hydroxyl, and (r) Ci-6 heteroalkyl;
R2 is -CN, -CH=CHCN, C1-3 alkyl or halogen; R3 is
hydrogen, halogen, amino or Ci-6 haloalkyl; R4 is
hydrogen or amino; R a and R are independently
hydrogen, C1 alkyl, C1 alkoxy or halogen; R6a and R6
independently are hydrogen or together are ethylene;
R7a and R7b (i) taken independently, one of R7a and
R7b is hydrogen,Ci-6 alkyl or C3-7 cycloalkyl and the
other of R7a and R7b is selected from the group
consisting of hydrogen, C1 alkyl, C1 heteroalkyl, C1
alkylsulfonyl, C1 hydroxyalkyl, C1-3 aminoalkyl-Ci-6
alkyl, C1-3 dialkylamino-Ci-6 alkylalkyl and C1
aminoalkyl;(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 (CH2)2-X1-(CH 2)2; R8a and R8 (i) taken
independently, one of R8a and R8 is hydrogen or C1
alkyl and the other of R8a and R8b is selected from
the group consisting of hydrogen, C1 alkyl, Ci-6 acyl
and C1 heteroalkyl; (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 (CH2)2-X1-(CH 2)2; R9 is hydrogen, C1-3
alkyl or C1-3 acyl; R1Oa and R10b are independently
hydrogen, C1-3 alkyl or C1 acyl; Rlla is hydrogen or
halogen; Rllb is hydrogen, halogen, Q-6 alkyl, C1
alkoxy or C1 hydroxyalkyl; R12 is hydroxyl, C1-6
alkoxy or NR7aR7b; X is NH or O; X1 is O, S(O)p or NR9
p is an integer from 0 to 2; or, pharmaceutically
acceptable salts thereof. Compounds of formula I
inhibit HIV- 1 reverse transcriptase and afford a
method for prevention and treatment of HIV-I
infections and the treatment of AIDS and/or ARC. HIV-
1 undergoes facile mutations of its genetic code
resulting in strains with reduced susceptibility to
therapy with current therapeutic options. The present
invention also relates to compositions containing
compounds of formula I useful for the prevention and
treatment of HIV-I infections and the treatment of
AIDS and/or ARC. The presentinvention further relates
to compounds of formula I that are useful in mono
therapy or combination therapy with other anti-viral
agents. The phrase "as defined herein above" refers to
the broadest definition for each group as provided in
the Summary of the Invention or the broadest claim. 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. The term "optional" or "optionally"
as used herein means that a subsequently described
event or circumstance may, but need not, occur, and
that the description includes instances where the
event or circumstance occurs and instances in which it
does not. For example, "optionally substituted" means
that the optionally substituted moiety may incorporate
a hydrogen or a substituent. The phrase "as defined
herein above" refers to the broadest definition for
each group as provided in the Summary of the Invention
or the broadest claim. In all other embodiments
provided below, substituents which can be present in
each embodiment and which are not explicitly defined
retain the broadest definition provided in the Summary
of the Invention. Technical and scientific terms used
herein have the meaning commonly understood by one of
skill in the art to which the present invention
pertains, unless otherwise defined. Reference is made
herein to various methodologies and materials known to
those of skill in the art. Standard reference works
setting forth the general principles of pharmacology
include Goodman and Gilman's The Pharmacological Basis
of Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described. Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. 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.The term "about" is used herein to mean
approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a
numerical range, it modifies that range by extending
the boundaries above and below the numerical values
set forth. In general, the term "about" is used herein
to modify a numerical value above and below the stated
value by a variance of 20%. As used herein, the
recitation of a numerical range for a variable is
intended to convey that the invention may be practiced
with the variable equal to any of the values within
that range. Thus, for a variable which is inherently
discrete, the variable can be equal to any integer
value of the numerical range, including the end-points
of the range. Similarly, for a variable which is
inherently continuous, the variable can be equal to
any real value of the numerical range, including the
end-points of the range. As an example, a variable
which is described as having values between 0 and 2,
can be 0, 1 or 2 for variables which are inherently
discrete, and can be 0.0, 0.1, 0.01, 0.001, or any
other real value for variables which are inherently
continuous. When any variable {e.g., R1, R4a, Ar, X1
or Het) occurs more than one time in an constituent or
in any formula depicting and describing compounds
employed or claimed in the present invention, its
definition on each occurrence is independent of its
definition at every other occurrence. Also,
combinations of substituents and/or variables are
permissible only if such compounds result in stable
compounds. (Merck WO2007/002368) 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: wherein R4 =
In one embodiment of the present invention there is
provided a compound according to formula I wherein R1,
R2, R3, R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a, R8b,
R9, R1Oa, R10b, Rlla , Rllb , R12, X, X1 and p are as
defined herein above. The terms "as defined above" and
"as defined herein above" when referring to a variable
incorporates by reference the broadest definition of
the variable provided in the Summary of the Invention
or the broadest claim. In another embodiment of the
present invention there is provided a compound
according to formula I wherein R7a, R7b, R8a and R8b
are hydrogen and R1, R2, R3, R4, R5a, R5b, R6a, R6b,
R9, R1Oa, R10b, Rlla , Rllb , R12, X are as defined
herein above.In yet another embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is optionally substituted phenyl
and R2, R3, R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a,
R8b, R9, R1Oa, R10b, Rlla , Rllb , R12, X, X1 and p
are as defined herein above. In yet another embodiment
of the present invention there is provided a compound
according to formula I wherein R1 is optionally
substituted phenyl; R7a, R7 , R8a and R8 are hydrogen;
and R2, R3, R4, R5a, R5b, R6a, R6b, R9, R1Oa, R10b,
Rlla , Rllb , R12, X, X1 and p are as defined herein
above. In still another embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is phenyl substituted with CONR
7aR7b, SO2NR8aR8b or SO2-C1-6 alkyl and wherein the
phenyl group is optionally further substituted with a
group selected from the group consisting of (a) C1
alkyl, (b) C1 alkoxy, (c) C1 haloalkyl, (d) C1
haloalkoxy, (e) carboxyl, (f) C1 alkoxycarbonyl, (h)
cyano, (i) C1 acyl-amino, (j) halogen, and, (k) nitro;
R5a and R5b are CH3; and, R2, R3, R4, R6a, R6b, R7a,
R7b, R8a, R8b, R9, X, X1 and p are as defined herein
above. In a further embodiment of the present
invention there is provided a compound according to
formula I wherein R1 is phenyl substituted with CONH
2, SO NH2 or SO2- C1-6 alkyl and wherein the phenyl
group is optionally further substituted with a group
selected from the group consisting of (a) C1 alkyl,
(b) C1 alkoxy, (c) C1 haloalkyl, (d) Ci-6 haloalkoxy,
(e) carboxyl, (f) C1 alkoxycarbonyl, (h) cyano, (i) C1
acyl-amino, (j) halogen, and, (k) nitro; R5a and R5b
are CH3; and, R2, R3, R4, R6a, R6b and X are as
defined herein above. In yet another embodiment of the
present invention there is provided a compound
according to formula I wherein R1 is phenyl
substituted with CONH 2, SO2NH2 or SO2- Ci-6 alkyl and
wherein the phenyl group is optionally further
substituted with a group selected from the group
consisting of (a) C1 alkyl, (b) C1 alkoxy, (c) C1
haloalkyl, (d) Ci-6 haloalkoxy, (e) carboxyl, (f) C1
alkoxycarbonyl, (h) cyano, (i) C1 acyl-amino, (j)
halogen, and, (k) nitro; R3 is hydrogen or bromine; R4
is hydrogen; R5a and R5 are CH3; and, R2, R6a, R6b and
X are as defined herein above. In still another
embodiment of the present invention there is provided
a compound according to formula I wherein R1 is phenyl
substituted at the three position with CONH 2, SO2NH2
or SO2-Ci-6 alkyl and wherein the phenyl group is
optionally further substituted with a group selected
from the group consisting of (a) C1 alkyl, (b) C1
alkoxy, (c) C1 haloalkyl, (d) C1 haloalkoxy, (e)
carboxyl, (f) C1 alkoxycarbonyl, (h)cyano, (i) C1
acyl-amino, (j) halogen, and, (k) nitro; R5a and R5
are CH3; and, R2, R3, R4, R6a, R6b and X are as
defined herein above. In another embodiment of the
present invention there is provided a compound
according to formula I wherein R1 is
3-carboxamido-phenyl, 3-aminosulfonyl-phenyl or
3-methanesulfonyl-phenyl; R3 is hydrogen or bromine,
and R4 is hydrogen; R5a and R5 are CH3; and, R2, R6a,
R6b and X are as defined herein above. In a further
embodiment of the present invention there is provided
a compound according to formula I wherein R1 is
optionally substituted phenyl Ci-3 alkyl or optionally
substituted heteroaryl Ci-3 alkyl and R2, R3, R4, R5a,
R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa, R10b, X,
X1 and p are as defined herein above. In a further
embodiment of the present invention there is provided
a compound according to formula I wherein R1 is
optionally substituted phenyl Ci-3 alkyl and R2, R3,
R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa,
R10b, X, X1 and p are as defined herein above. In
still another embodiment of the present invention
there is provided a compound according to formula I
wherein R1 is phenyl Ci-3 alkyl substituted with CONR
7aR7b, 



Sq 2NR8aR8 or SO2-C1-6 alkyl and wherein the phenyl
group is optionally further substituted with a group
selected from the group consisting of (a) C1 alkyl,
(b) C1 alkoxy, (c) C1 haloalkyl, (d) C1 haloalkoxy,
(e) carboxyl, (f) C1 alkoxycarbonyl, (h) cyano, (i) C1
acyl-amino, (j) halogen, and, (k) nitro; R5a and R5b
are CH3; and, R2, R3, R4, R6a, R6b, R7a, R7b, R8a,
R8b, R9, X, X1 and p are as defined herein above. In a
further embodiment of the present invention there is
provided a compound according to formula I wherein R1
is phenyl Ci-3 alkyl substituted at the four position
with CONH 2, SO NH2 or SO2-C1-6 alkyl and wherein the
phenyl group is optionally further substituted with a
group selected from the group consisting of (a) C1
alkyl, (b) Ci-6 alkoxy, (c) C1 haloalkyl, (d) C1
haloalkoxy, (e) carboxyl, (f) C1 alkoxycarbonyl, (h)
cyano, (i) C1 acyl-amino, (j) halogen, and, (k) nitro;
R5a and R5 are CH3; and, R2, R3, R4, R6a, R6b and X
are as defined herein above. In a further embodiment
of the present invention there is provided a compound
according to formula I wherein R1 is phenyl Ci-3 alkyl
substituted at the four position with CONH 2, SO NH2
or SO2-C1-6 alkyl and wherein the phenyl group is
optionally further substituted with a group selected
from the group consisting of (a) C1 alkyl, (b) Ci-6
alkoxy, (c) C1 haloalkyl, (d) C1 haloalkoxy, (e)
carboxyl, (f) C1 alkoxycarbonyl, (h) cyano, (i) C1
acyl-amino, (j) halogen, and, (k) nitro; R3 is
hydrogen or bromine; R4 is hydrogen; R5a and R5 are
CH3; and, R2, R6a, R6 and X are as defined herein
above.In another embodiment of the present invention
there is provided a compound according to formula I
wherein R1 is optionally substituted heteroaryl C1-3
alkyl or heteroaryl; R4, R7a, R7b, R8a and R8b are
hydrogen and R1, R2, R3, R4, R5a, R5b, R6a, R6b, R9,
R1Oa, R10b, X are as defined herein above. A compound
according to claim 1 wherein R1 is phenyl substituted
with C R lla R llb COR 12 and R lla R llb hydrogen and
R 12 [ Q r N R aR 7b In still another embodiment of
the present invention there is provided a compound
according to claim 1 which compound is a free base or
a pharmaceutically acceptable salt of a compound
selected from a compound in TABLE 1 - 5. 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 administering to a host in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa,
R10b, Rlla , Rllb , R12, X, X1 and p are as defined
herein above. 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, R2, R3, R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a,
R8b, R9, R1Oa, R10b, Rlla , Rllb , R12, X, X1 and p
are as defined herein above and at least one compound
selected from the group consisting of HIV 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, R2, R3, R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a,
R8b, R9, R1Oa, R10b, Rlla , Rllb , R12, X, X1 and p
are as defined herein above and at least one compound
selected from the group consisting of zidovudine,
lamivudine, didanosine, zalcitabine, stavudine,
rescriptor, sustiva, viramune, efavirenz, nevirapine,
delavirdine, saquinavir, ritonavir, nelfinavir,
indinavir, amprenavir, lopinavir and enfuvirtide. In
another embodiment of the present invention there is
provided a method for inhibiting HIV- 1 reverse
transcriptase in a host infected with HIV- 1
comprising administering to a host in need thereof a
therapeutically effective amount of a
compoundaccording to formula I wherein R1, R2, R3, R4,
R5a, R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa,
R10b, Rlla , Rllb , R12, X, X1 and p are as defined
herein above. In another embodiment of the present
invention there is provided a method for inhibiting
HIV- 1 reverse transcriptase in a host infected with
HIV- 1 wherein the HIV- 1 reverse transcriptase with
at least one mutation compared to wild type HIV- 1
comprising administering to a host in need thereof a
therapeutically effective amount of a compound
according to formula I wherein R1, R2, R3, R4, R5a,
R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa, R10b,
Rlla , Rllb , R12, X, X1 and p are as defined herein
above. In another embodiment of the present invention
there is provided a method for inhibiting HIV-I
reverse transcriptase in a host infected with HIV-I
wherein the HIV-I reverse transcriptase exhibits
reduced susceptibility to efavirenz, nevirapine or
delavirdine comprising administering to a host in need
thereof a therapeutically effective amount of a
compound according to formula I wherein R1, R2, R3,
R4, R5a, R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa,
R10b, Rlla , Rllb , R12, X, X1 and p are as defined
herein above. In an embodiment there is provided a
pharmaceutical composition comprising a compound
according to formula I wherein R1, R2, R3, R4, R5a,
R5b, R6a, R6b, R7a, R7b, R8a, R8b, R9, R1Oa, R10b,
Rlla , Rllb , R12, X, X1 and p are as defined herein
above and at least one carrier, excipient or diluent.
In another embodiment of the present invention there
is provided a compound according to formula I wherein:
R1 is CO2-ter-Bu, CO2Et, phenyl C1-3 alkyl, heteroaryl
Ci-3 alkyl, phenyl or heteroaryl wherein said
heteroaryl group is selected from the group consisting
of pyridinyl, pyrimidinyl, thiophenyl, pyrrolyl,
thiazolinyl, imidazolinyl or quinolyl and said phenyl
or said heteroaryl is optionally substituted with one
to three groups independently selected from the group
consisting of: (a) Ci-6 alkyl, (b) Ci-6 alkoxy, (c)
C1-6 haloalkyl, (d) C1-6 haloalkoxy, (e) carboxyl, (f)
CONR 7aR7b, (g) C1-6 alkoxycarbonyl, (h) cyano, (i)
SO2-C1-6 alkyl, (j) Sq 2NR8aR8b, (k) C1-6 acyl-amino,
(1) halogen, (m) nitro, (n) C1-3 cyanoalkyl, (o)
NR10aR10b; and (p) NR10aSO2 C1-6 alkyl; R2 is - CN,
-CH=CHCN, Ci-3 alkyl or halogen; R3 is hydrogen,
halogen or C1-6 haloalkyl; R4 is hydrogen or amino;
R5a and R5 are independently hydrogen, C1-6 alkyl,
halogen; R6a and R6b independently are hydrogen or
together are ethylene; R7a and R7b (i) taken
independently, one of R7a and R7 is hydrogen or C1-6
alkyl and the other of R7a and R7 is 



selected from the group consisting of hydrogen, C1-6
alkyl and C1-6 heteroalkyl; (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-X1-(CH 2)2; R8a and R8b (i) taken
independently, one of R8aand R8 is hydrogen or d-6
alkyl and the other of R8a and R8 is selected from the
group consisting of hydrogen, Ci-6 alkyl, Ci-6 acyl
and C1 heteroalkyl; (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-X1-(CH 2)2; R9 is hydrogen, C1-3
alkyl or C1-3 acyl;R 1Oa and R10b are independently
hydrogen or C1- alkyl; X is NH or O; X1 is O, S(O)p or
NR9; p is an integer from 0 to 2; or, pharmaceutically
acceptable salts thereof. 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. "C1-3 alkyl" as used
herein refers to an alkyl composed of 1 to 3 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. When
the term "alkyl" is used as a suffix following another
term, as in "phenylalkyl," or "hydroxyalkyl," this is
intended to refer to an alkyl group, as defined above,
being substituted with one to two substituents
selected from the other specificallynamed group. 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 arylalkyl
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. The terms "(hetetero)
arylalkyl" or "(hetetero) aralkyl" are interpreted
similarly except R' is optionally an aryl or a
heteroaryl radical. An "alkylaminoalkyl" is an alkyl
group having one to two alkylamino substituents.
"Hydroxyalkyl" includes 2- hydroxyethyl,
2-hydroxypropyl, l-(hydroxymethyl)-2-methylpropyl,
2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. The term "alkylene" as
used herein denotes a divalent saturated linear
hydrocarbon radical of 1 to 10 carbon atoms (e.g.,
(CH2)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 (CH 2CH2),
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 "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 term "haloalkoxy" as used
herein refers to a group -OR where R is haloalkyl as
defined herein. The term "haloalkylthio" as used
herein refers to a group -SR where R is haloalkyl as
defined herein. The term "alkoxy" as used herein means
an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, -propyloxy, i-propyloxy,
-butyloxy, i-butyloxy, f-butyloxy, pentyloxy,
hexyloxy, including their isomers. "Lower alkoxy" as
used herein denotes an alkoxy group with a "lower
alkyl" group as previously defined. "Cp o alkoxy" as
used herein refers to an-O-alkyl wherein alkyl is
C1-10. The term "acyl" as used herein denotes a group
of formula -C(=O)R wherein R is hydrogen or lower
alkyl as defined herein. The term or "alkylcarbonyl"
as used herein denotes a group of formula C(=O)R
wherein R is alkyl as defined herein. The term Cl-6
acyl refers to a group -C(=O)R contain 6 carbon atoms.
The term "arylcarbonyl" as used herein means a group
of formula C(=O)R wherein R is an aryl group; the term
"benzoyl" as used herein an "arylcarbonyl" group
wherein R is phenyl. The term "aryl" as used herein
denotes a monovalent aromatic carbocyclic radical
containing 5 to 15 carbon atoms consisting of one
individual ring, or one or more fused rings in which
at least one ring is aromatic in nature, which can
optionally be substituted with one or more, preferably
one or three substituents independently selected from
hydroxy, thio, cyano, alkyl, alkoxy, lower haloalkoxy,
alkylthio, halogen , haloalkyl, hydroxyalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, dialkylamino,
aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl,
alkylsulfonyl, arylsulfinyl, alkylaminosulfonyl,
arylaminosulfonyl, alkylsulfonylamino,
arylsulfonylamino, carbamoyl, alkylcarbamoyl and
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino,
arylcarbonylamino, unless otherwise indicated.
Alternatively two adjacent atoms of the aryl ring may
be substituted with a methylenedioxy or ethylenedioxy
group. Examples of aryl radicals include, but arenot
limited to, phenyl, naphthyl, indanyl,
tetrahydronaphthyl, 3,4-methylenedioxyphenyl,
l,2,3,4-tetrahydroquinolin-7-yl, and the like. The
point of attachment of bicyclic aryl substituents with
a heteroatom in one of the rings is on the carbocyclic
aromatic ring. The term "heteroaryl" or
"heteroaromatic" as used herein means a monocyclic or
bicyclic radical of 5 to 12 ring atoms having at least
one aromatic ring containing four to eight atoms per
ring, incorporating one or more N, O, or S
heteroatoms, the remaining ring atoms being carbon,
with the understanding that the attachment point of
the heteroaryl radical will be on an aromatic ring. As
well known to those skilled in the art, heteroaryl
rings have less aromatic character than their
all-carbon counter parts. Thus, 



for the purposes of the invention, a heteroaryl group
need only have some degree of aromatic character.
Examples of heteroaryl moieties include monocyclic
aromatic heterocycles having 5 to 6 ring atoms and 1to
3 heteroatoms include, but is not limited to,
pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl,
pyrazolyl, imidazolyl, oxazole, isoxazole, thiazole,
isothiazole, triazoline, thiadiazole and oxadiaxoline
which can optionally be substituted with one or more,
preferably one or two substituents selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy,
alkylthio, halo, haloalkyl, alkylsulfinyl,
alkylsulfonyl, halogen, amino, alkylamino,
dialkylamino, aminoalkyl, alkylaminoalkyl, and
dialkylaminoalkyl, nitro, alkoxycarbonyl and
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbonylamino and
arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally
substituted on either ring; however the point of
attachment is on a ring containing a heteroatom. The
term "(hetero)aryl" or "(het)aryl" is used to indicate
that a particular moiety can be either an aryl or a
heteroaryl group. The term "heteroarylalkyl" or
"heteroaralkyl" means the radical of the formula R'R",
wherein R' is an optionally substituted heteroaryl
radical as defined herein, and R" is an alkylene
radical as defined herein with the understanding that
the attachment point of the heteroaryl radical will be
on the alkylene radical. Examples of heteroarylalky
radicals include, but are not limited to,
2-imidazolylmethyl, and 3-pyrrolylethyl. The terms
"alkoxycarbonyl" and "aryloxycarbonyl" as used herein
denotes a group of formula -C(=O)OR wherein R is alkyl
or aryl respectively and alkyl and aryl are as defined
herein. The terms "amino", "alkylamino" and
"dialkylamino" as used herein refer to -NH2, - NHR and
-NR2 respectively and R is alkyl as defined above. The
two alkyl groups attached to a nitrogen in a dialkyl
moiety can be the same or different. The
terms"aminoalkyl", "alkylaminoalkyl" and
"dialkylaminoalkyl" as used herein refer to
NH2(CH2)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 oalkylamino" as used herein refers to
an-aminoalkyl wherein alkyl is C1-10. The term
"phenylamino" as used herein refers to -NHPh wherein
Ph represents an optionally substituted phenyl group.
The term "acylamino" as used herein denotes a group of
formula -NHC(=O)R wherein R is hydrogen or lower alkyl
as defined herein. C1 acyl-amino refers to an
acylamino group wherein the C(=O)R moiety contains a
total of 6 carbon atoms. The term "halogen" or "halo"
as used herein means fluorine, chlorine, bromine, or
iodine. The term "cyanoalkyl" refers to a group RR1
wherein R is cyano and R1 is an alkylene group as
defined herein. The term "heteroalkyl" as used herein
means an alkyl radical as defined herein wherein one,
two or three hydrogen atoms have been replaced with a
substituent independently selected from the group
consisting of -ORa, -NR Rc, and -S(O)nRd (where n is
an integer from 0 to 2), with the understanding that
the point of attachment of the heteroalkyl radical is
through a carbon atom, wherein Ra is hydrogen, acyl,
alkyl, cycloalkyl, or cycloalkylalkyl; Rb and Rc are
independently of each other hydrogen, acyl, alkyl,
cycloalkyl, or cycloalkylalkyl; and when n is 0, R is
hydrogen, alkyl, cycloalkyl, or cycloalkylalkyl, and
when n is 1 or 2, Rd is alkyl, cycloalkyl,
cycloalkylalkyl, amino, acylamino, or alkylamino.
Representative examples include, but are not limited
to, 2-hydroxy-ethyl, 3-hydroxy-propyl,
2-hydroxy-l-hydroxy-methylethyl, 2,3-
dihydroxy-propyl, 1-hydroxy-methylethyl,
3-hydroxy-butyl, 2,3-dihydroxy-butyl, 2-
hydroxy-1-methylpropyl, 2-amino -ethyl,
3-amino-propyl, 2-methylsulfonyl-ethyl,
aminosulfonyl-methyl, aminosulfonyl-ethyl,
aminosulfonyl-propyl, methylaminosulfonyl-methyl,
methylaminosulfonyl-ethyl, methylaminosulfonyl-propyl,
and the like. The terms "azetidine", "pyrrolidine",
"piperidine" and "azepine" refer to a A-, 5-, 6- or
7-membered cycloalkane respectively wherein a nitrogen
atom replaces one carbon atom. The nitrogen atom of
the pyridine ring is optionally substituted with an
oxygen atom to form a nitrogen N-oxide. Preparation of
N-oxides is well known and may be carried out, for
example, in suitable organic solvent (dichloromethane,
chloroform, benzene, hexane or t-butanol, etc.) in the
presence of an excess of oxidizing agent (e.g., sodium
peroxide, hydrogen peroxide, sodium periodate, sodium
perborate, metachloroperbenzoic acid or other peracid,
OXONE(r)(potassium peroxymonosulfate), potassium
permanganate or chromic acid) typically at
temperatures from 20 - 60 C. The heteroaryl R1 groups
designated as pyridinyl, pyrimidinyl, thiophenyl,
pyrrolyl, thiazolinyl, imidazolinyl or quinolyl can be
linked to the pyrimidine at any carbon at on the
heteroaryl ring. The term "wild type" as used herein
refers to the HIV virus strain which possesses the
dominant genotype which naturally occurs in the normal
population which has not been exposed to reverse
transcriptase inhibitors. The term "wild type reverse
transcriptase" used herein has refers to the reverse
transcriptase expressed by the wild type strain which
has been sequenced and deposited in the SwissProt
database with an accession number P03366. The term
"reduced susceptibility" as used herein refers to
about a 10 fold, or greater, change in sensitivity of
a particular viral isolate compared to the sensitivity
exhibited by the wild type virus in the same
experimental system 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- 1RNA into pro viral
HIV- 1 DNA. Recent progress in development of RTI and
PI inhibitors has been reviewed: F.M. Uckun and O. J.
D'Cruz, Exp. Opin. Ther. Pat. 2006 16:265-293; L.
Menendez-Arias, Eur. Pharmacother. 2006 94-96 and S.
Rusconi and O. Vigano, Future Drugs 2006 3(l):79-88.
Typical suitable NRTIs include zidovudine (AZT;
RETROVIR ) from GSK; didanosine (ddl; VIDEX ) from
Bristol-Myers Squibb Co. (BMS); zalcitabine (ddC;
HIVID ) from Roche; stavudine (d4T; ZERIT ) from BMS;
lamivudine (3TC; EPIVIR ) 



from GSK; abacavir (1592U89; ZIAGEN ) disclosed in
WO96/30025 and available from GSK; adefovir dipivoxil
(bis(POM)-PMEA; PREVON ) Gilead Sciences; lobucavir
(BMS- 180194), a nucleoside reverse transcriptase
inhibitor disclosed in EP-0358154 and EP- 0736533 and
under development by BMS; 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] licensed
from Emory University under Emory Univ. U.S. Pat. No.
5,814,639 and under development by Gilead Sciences,
Inc; Evucitabine (b-L-D4FC; b -L-2',
3'-dideoxy-5-fluoro-cytidene) licensed by Yale
University to Vion Pharmaceuticals; DAPD, the purine
nucleoside, (-)- b-D-2,6,- diamino-purine dioxolane
disclosed in EP-0656778 and licensed by Emory
University and the University of Georgia to Triangle
Pharmaceuticals; and lodenosine (FddA),
9-(2,3-dideoxy-2-fluoro-
b-D-threo-pentofuranosyl)adenine, an acid stable
purine-based reverse transcriptase inhibitor
discovered by the NIH and under development by U.S.
Bioscience Inc. Three NNRTIs have been approved in the
USA: nevirapine (BI-RG-587; VIRAMUNE ) available from
Boehringer Ingelheim (BI); delaviradine (BHAP,
U-90152; RESCRIPTOR ) available from Pfizer; efavirenz
(DMP-266, SUSTIVA ) a benzoxazin-2- one from BMS.
Other NNRTIs currently under investigation include
PNU-142721, a furopyridine-thio-pyrimide under
development by Pfizer; capravirine (S-1 153 or AG-
1549;
5-(3,5-dichlorophenyl)-thio-4-isopropyl-l-(4-pyridyl)m
ethyl-lH-imidazol-2- ylmethyl carbonate) by Shionogi
and Pfizer; emivirine [MKC-442; (l-(ethoxy-methyl)-5-
(l-methylethyl)-6-(phenylmethyl)-(2,4(lH,3H)-pyrimidin
edione)] by Mitsubishi Chemical Co. and Triangle
Pharmaceuticals; (+)-calanolide A (NSC-675451) and B,
coumarin derivatives disclosed in NIH U.S. Pat. No.
5,489,697, licensed to Sarawak/Advanced Life Sciences;
etravirine (TMC-125; 4-[6-amino-5-bromo-2-(4-
cyano-phenylamino)-pyrimidin-4-yloxy]-3,5-dimethyl-ben
zonitrile) and DAPY (TMC120;
4-{4-[4-((E)-2-cyano-vinyl)-2,6-dimethyl-phenylamino]-
pyrimidin-2- ylaminoj-benzonitrile) by Tibotec-Virco
and Johnson &Johnson; BILR-355 BS (12-
ethyl-8-[2-(l-hydroxy-quinolin-4-yloxy)-ethyl]-5-methy
l-ll,12-dihydro-5H-l, 5,10,12-
tetraaza-dibenzo[a,e]cycloocten-6-one by
Boehringer-Ingleheim; PHI-236 (7-bromo-3-
[2-(2,5-dimethoxy-phenyl) -ethyl]
-3,4-dihydro-lH-pyrido[l,2-a] [l,3,5]triazine-2-
thione) and PHI-443 (TMC-278,
l-(5-bromo-pyridin-2-yl)-3-(2-thiophen-2-yl-ethyl)-
thiourea) by Paradigm Pharmaceuticals. 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, e.g. CRIXIVAN as well as nonpeptide
protease inhibitors e.g., VIRACEPT . Typical suitable
PIs include saquinavir available in hard gel capsules
as INVIRASE and in soft gel capsules as FORTOVASE from
Roche; ritonavir (ABT-538) available as NORVIR from
Abbott Laboratories; Lopinavir (ABT-378) also
available from Abbot; KALETRA(r), is co-formulation
lopinavir and a sub-therapeutic dose of ritonavir
available from Abbott Laboratories; indinavir (MK-639)
available as CRIXIVAN from Merck & Co.; nelfnavir
(AG-1343) available as VIRACEPT from Agouron
Pharmaceuticals, Inc.; amprenavir (141W94) available
as AGENERASE(r) from Vertex Pharmaceuticals, Inc. and
GSK; tipranavir (PNU- 140690) available as APTIVUS
from BI; lasinavir (BMS- 234475/CGP-61755) by BMS;
BMS-2322623, an azapeptide under development by BMSas
a 2nd-generation HIV-I PI; GW-640385X (VX-385) under
development in a collaboration between GSK and Vertex;
AG-001859 in preclinical development by
Agouron/Pfizer; SM-309515 under development by
Sumitomo Pharmaceuticals. Additional PIs in
preclinical development include N-cycloalkylglycines
by BMS, a- hydroxyarylbutanamides by Enanta
Pharmaceuticals; a-hydroxy- g- [[(carbocyclic- or
heterocyclic-substituted) amino) carbonyl] alkanamide
derivatives; g-hydroxy-2-
(fluoroalkylaminocarbonyl)-l-piperazinepentanamides by
Merck; dihydropyrone derivatives and a- and b-amino
acid hydroxyethylamino sulfonamides by Pfizer; and
Naminoacid substituted L-lysine derivatives by
Procyon. Entry of HIV into target cells requires CD-4
cell surface receptor and the CCR5 (M-tropic strains)
and CXCR4 (Ttropic strains) chemokine co-receptors.
Chemokine antagonize which block viral binding to the
chemokines are useful inhibitors of viral infection.
Takeda's identified TAK-779 as a potential CCR5
antagonist. (M. Shiraishi et al, J. Med. Chem. 2000
43(10):2049-2063; M. Babba etal. Proc. Nat. Acad Sci.
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. Miraviroc
(UK- 427,857; MVC) has advanced by Pfizer to phase III
clinical trials and show 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 Sci. 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 (1) 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
OrgLett. 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 Kumamoto University (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 WO00/166525;
WO00/187839; WO02/076948; WO02/076948; WO02/079156,
WO2002070749, WO2003080574, WO2003042178,
WO2004056773, WO2004018425 Astra Zeneca 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 preventing HIV cell entry. In U.S.
Publication No. 20060014767 published January 19,
2006, E. K. Lee et al. disclosed heterocyclic CCR5
antagonist capable of preventing HIV cell entry.
Attachment Inhibitors effectively block interaction
between viral envelope proteins and chemokine
receptors or CD40 protein. TNX-355 is a humanized IgG4
monoclonal antibody that binds to a conformational
epitope on domain 2 of CD4. (L. C. Burkly et al., J.
Immunol. 1992 149:1779-87) TNX-355 can inhibit viral
attachment of CCR5-, CXCR4- and dual/mixed tropic
HIV-I strains. (E. Godofsky et al, In Vitro Activity
of the Humanized Anti-CD4 Monoclonal Antibody,
TNX-355, against CCR5, CXCR4, and Dual-Tropic Isolates
and Synergy with Enfuvirtide, 45th Annual Interscience
Conference on Antimicrobial Agents and Chemotherapy
(ICAAC). December 16-19, 2005, Washington DC. Abstract
# 3844; D. Norris et al. TNX-355 in Combination with
Optimized Background Regime (OBR) Exhibits Greater
Antiviral Activity than OBR Alone in HIVTreatment
Experienced Patients, 45th Annual Interscience
Conference on Antimicrobial Agents and Chemotherapy
(ICAAC). December 16-19, 2005, Washington DC. Abstract
# 4020.) Macromolecular therapeutics including
antibodies, soluble receptors and biologically active
fragments thereof have become an increasingly
important adjunct to conventional low molecular weight
drugs. (O. H. Brekke and I. Sandlie Nature Review
DrugDiscov. 2003 2:52-62; A. M. Reichert Nature
Biotech. 2001 19:819-821) Antibodies with high
specificity and affinity can be targeted at extra-
cellular proteins essential for viral cell fusion.
CD4, CCR5 and CXCR4 have been targets for antibodies
which inhibit viral fusion. V. Roschke et al.
(Characterization of a Panel of Novel Human Monoclonal
Antibodies that Specifically Antagonize CCR5 and Block
HIV- 1 Entry, 44th Annual Interscience Conference on
Antimicrobial Agents and Chemotherapy (ICAAC). October
29, 2004, Washington DC. Abstract # 2871) have
disclosed monoclonal antibodies which bind to the CCR5
receptor and inhibit HIV entry into cells expressing
the CCR5 receptor. L.Wu and C. R MacKay disclose in U.
S. Ser. No 09/870,932 filed May 30, 2001 disclose
monoclonal antibodies 5C7 and 2D7 which bind to the
CCR5 receptor in a manner capable of inhibiting HIV
infection of a cell. W. C. Olsen et al. (/. Virol.
1999 73(5):4145- 4155) disclose monoclonal antibodies
capable of inhibiting (i) HIV-I cell entry, (ii) HIV1
envelope-mediated membrane fusion, (iii) gpl20 binding
to CCR5 and (iv) CCchemokine activity. Synergism
between the anti-CCR5 antibody Pro 140 and a low
molecular weight CCR5 antagonists have been disclosed
by Murga t al. (3rd IAS Conference on HIV Pathogenesis
and Treatment, Abstract TuOa.02.06. July 24-27, 2005,
Rio de Janeiro, Brazil) Anti-CCR5 antibodies have been
isolated which inhibit HIV-I cell entry also have been
disclosed byM. Brandt et al. in U. S. Ser. No.
11/394,439 filed March 31, 2006. FUZEON (T-20, DP-
178, pentafuside) is disclosed in U.S. Pat. No.
5,464,933. T- 20 and an analog, T- 1249, are analogs
of HIV gp41 fragment which are effectively inhibit a
conformational change required for HIV fusion. T-20
has been approved and is available from Roche and
Trimeris. FUZEON is administered as a continuous sc
infusion or injection in combination therapy with
other classes of anti HIV drugs. Other antiviral
agents which may be useful in HIV therapy include
hydroxyurea, ribavirin, IL-2, IL- 12, pentafuside.
Hydroyurea (Droxia), a ribonucleoside triphosphate
reductase inhibitor, the enzyme involved in the
activation of T-cells, was discovered at the NCI and
is under development by Bristol-Myers Squibb; in
preclinical studies, it was shown to have a
synergistic effect on the activity of didanosine and
has been studied with stavudine. IL-2 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, and is
available under the PROLEUKIN (aldesleukin) from
Chiron Corp. as a lyophilized powder for IV infusion
or sc administration. IL- 12 is disclosed in
WO96/25171 and is available from Roche and Wyeth
Pharmaceuticals. Ribavirin, 1-b -
D-ribofuranosyl-lH-l,2,4-triazole-3-carboxamide, is
described in U.S. Pat. No. 4,211,771 and is available
from ICN Pharmaceuticals. Abbreviations used in this
application include: acetyl (Ac), acetic acid (HOAc),
azobis- isobutyrylnitrile (AIBN),
1-N-hydroxybenzotriazole (HOBt), atmospheres (Atm),
high pressure liquid chromatography (HPLC),
9-borabicyclo[3.3.1]nonane (9-BBN or BBN), methyl
(Me), terf-butoxycarbonyl (Boc), acetonitrile (MeCN),
di-terf-butyl pyrocarbonate or boc anhydride (BOC2O),
l-(3-dimethylaminopropyl)-3- ethylcarbodiimide
hydrochloride (EDCI), benzyl (Bn), m-chloroperbenzoic
acid (MCPBA), butyl (Bu), methanol (MeOH),
benzyloxycarbonyl (cbz or Z), melting point (mp),
carbonyl diimidazole (CDI), MeSO2- (mesyl or Ms),
1,4-diazabicyclo [2.2.2] octane (DABCO), mass spectrum
(ms) diethylaminosulfur trifluoride (DAST), methyl
f-butyl ether (MTBE), dibenzylideneacetone (Dba),
N-carboxyanhydride (NCA), 1,5- diazabicyclo [4.3.0]
non-5-ene (DBN), N-bromosuccinimide (NBS),
N-chlorosuccinimide (NCS),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU),
N-methylmorpholine (NMM), Nmethylpyrrolidone (NMP),
1,2-dichloroethane (DCE), pyridinium
chlorochromate(PCC), N^'-dicyclohexylcarbodiimide
(DCC), pyridinium dichromate (PDC), dichloromethane
(DCM), propyl (Pr), diethyl azodicarboxylate (DEAD),
phenyl (Ph), diiso- propylazodicarboxylate , DIAD,
pounds per square inch (psi), di-isopropylethylamine
(DIPEA), pyridine (pyr), di-iso-butylaluminumhydride ,
DIBAL-H, room temperature, rt or RT, N,N-dimethyl
acetamide (DMA), terf-butyldimethylsilyl or -BuMe2Si,
(TBDMS), 4-N,N-dimethylaminopyridine (DMAP),
triethylamine (Et3N or TEA), N,N-dimethylformamide
(DMF), triflate or CF3SO2- (Tf), dimethyl sulfoxide
(DMSO), trifluoroacetic acid (TFA),
I,l'-fci5-(diphenylphosphino)ethane (dppe), 2,2,6,6-
tetramethylheptane-2,6-dione (TMHD),
I,l'-fci5-(diphenylphosphino)ferrocene (dppf), 



thin layer chromatography (TLC), ethyl acetate
(EtOAc), tetrahydrofuran (THF), diethyl ether (Et O),
trimethylsilyl or Me3Si (TMS), ethyl (Et),
p-toluenesulfonic acid monohydrate (TsOH or pTsOH),
lithium hexamethyl disilazane (LiHMDS), 4-Me- C H4SO2-
or tosyl (Ts), iso-propyl (i-Pr),
N-urethane-N-carboxyanhydride (UNCA), ethanol (EtOH).
Conventional nomenclature including the prefixes
normal (), iso (i-), secondary (sec-), tertiary
(tert-) and neo have their customary meaning when used
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. Suchmaterials 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 and
number of the R groups can varied to afford the
various compounds contemplated in this invention. The
general formulae in the schemes are intended to be
illustrative and are not intended to imply a
limitation to the scope of the invention which is
defined by the appended claims. Moreover, the reaction
conditions are exemplary and alternative conditions
are well known. The reaction sequences in the
following examples are not meant to limit the scope of
the invention as set forth in the claims. There are a
multitude of references known in the art that teach
methods for the preparation of substituted
pyrimidines. The reader is referred to (a) D. J.
Brown; Pyrimidines and their Benzo Derivatives. In
Comprehensive Heterocyclic Chemistry, 1st Edition; A.
R. Katritzky and C.W. Rees, Eds.; Pergamon Press:
Oxford, 1984, vol. 3, pp. 106-141 and references cited
therein, (b) K. Undheim and T. Benneche: Pyrimidines
and their Benzo Derivatives. In Comprehensive
Heterocyclic Chemistry, 2nd Edition; A. R. Katritzky,
C.W. Rees and E. F. V. Scriver, Eds.; Pergamon Press:
Oxford, 1996, vol. 6, pp. 195-221 and references cited
therein, (c) D. J. Brown; The Pyrimidines. In The
Chemistry of Heterocyclic Compounds; A. Weissberger,
Ed.; Wiley Interscience, New York, 1962, vol 52, pp.
49-238 and references cited therein
(l-Benzyl-piperidin-4-yl)-(4-phenoxy-pyrimidin-2-yl)
-amines derivatives exemplified in TABLE 1 were
prepared (SCHEMEA) from either 2,4-dichloropyrimidine
or 5-bromo-2,4-dichloro-pyrimidine (Route Al).
Nucleophilic displacement of 2- and 4 and/or 6- halo
-substituted pyrimidines by alkoxy and aryloxy
nucleophiles occurs readily except in the presence of
strong electron-releasing substituents on other
positions of the pyrimidine ring. Metal aryloxides
more readily react with a 4- or 6-halo substituent
than a 2-halo substituent (T. J. Delia and A.
Nagarajan, / . Heterocyclic Chem. 1998 35:269-273).
Thus reaction of a phenol with 10a affords the ether
10b. Subsequent displacement of the 2-chloro
substituent with 12 affords 14a. Deprotection by mild
acid treatment afforded 14b which was alkylated on the
piperidine nitrogen with an optionally substituted
benzylhalide to afford the compounds of TABLE 1.
Alternatively, the compounds can be prepared from
2-methylthio-4-chloropyrimidine (26a, Route A2) SCHEME
A Displacement of a chloro substituent on a pyrimidine
by a phenol is conveniently carried out in the
presence of a base. Such a base is, for example, an
alkali metal or alkaline metal carbonate or hydroxide,
such as Na2CO3, K2CO3, CaCq 3, CS2CO3, NaOH or KOH or
an organic amine base such as, pyridine, 2,6-lutidine,
collidine, TEA, NMM, DBU or DBN. Alternately an alkali
metal hydride such as NaH or KH, or an alkali metal
amide such as NaNH 2, KNH2, LiN(SiMe3)2 can be used to
produce an alkali metal alkoxide. The reaction is
conveniently carried out in an inert solvent such as
an ether solvent, e.g., THF, DME or dioxane, an
aromatic hydrocarbon solvent, e.g., toluene, or a
polar aprotic solvent such as DMF, NMP or DMSO. The
reaction is conveniently effected at a temperature in
the range of 10-120 C. Subsequent displacement of the
2-chloro substituent was conveniently carried out in
the presence of neat amine 12 at elevated
temperatures. The Boc protecting group is labile under
acidic conditions and it can be removed by treatment
with TFA or HCl in a solvent like DCM, dioxane or THF
preferable at RT (see Protective Groups in Organic
Synthesis, T.W. Greene and P. G.M. Wuts, 3rd Edition,
1999, Wiley-Interscience) . Alkylation of piperidine
nitrogen is accomplished by treating the amine or a
metal salt of the amine (i.e. a deprotonated form)
with an alkylating agent Ar2CH2Z1 wherein Ar2 is
optionally substituted phenyl or optionally
substituted heteroaryl moiety, Z1 is a 



leaving group such as halo, mesylate,
benzenesulphonyloxy or tosylate, optionally in
thepresence of a base and/or a phase transfer catalyst
such as 18-crown-6 (SCHEME A, step 4a). The reaction
may typically be carried out in the presence of a base
such as TEA, DIPEA, DBU, or an inorganic base such as
Na2CO3, NaHC q 3, K2CO3 or CS2CO3, and in a solvent
such as MeCN, DMF, DMSO, 1,4-dioxane, THF or toluene.
Alternatively, a metal salt of the amine (i.e. a
deprotonated form) may be employed in a suitable
solvent such as THF, DMF or 1,4-dioxane. Compounds of
formula 16 also are accessible by Mitsunobu reaction
(D. L. Hughes, The Mitsunobu Reaction, in Organic
Reactions, Volume 42, 1992, John Wiley & Sons, New
York; pp. 335-656) applying optionally substituted
benzyl alcohols activated by a mixture of a phosphine
such as tributylphosphine ((H-Bu) 3P),
triphenylphosphine (Ph 3P) and the like and a
diazocompound like diethyl- azodicarboxylate (DEAD),
diisopropyl-azodicarboxylate (DIAD) or
di-terf-butyl-azodicarboxylate in a non-protic solvent
such as THF, toluene, DCM and the like. There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
at least partially dissolve the reagents. The reaction
can take place over a wide range of temperatures
ranging from ambient temperatures to the reflux
temperature of the solvent employed. Introduction of
the benzyl substituent can also be accomplished by
reductive amination of an (hetero)aryl aldehyde with
14b (SCHEME A, step 4b). Reductive amination is
preferably carried out 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, NaB(OAc) 3H or
borane/pyridine complex conveniently at a pH of 1-7,
or with hydrogen in the presence of a hydrogenation
catalyst, e.g. in the presence of Pd/C, 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 by 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. If an
N-aralkyl-4-amino-piperidine (e.g.,
4-amino-N-benzylpiperidine, CASRN 50541-93-0) or
N-heteroaralkyl-4-amino-piperidine is available or is
prepared from a selectively protected precursor such
as 4-(ter-butoxycarbonylamino)piperidine (CASRN
73874-95-0), the fully elaborated piperidinyl side
chain can be introduced in a single step (SCHEME A,
step 4c).PROCESS FOR THE PREPARATION OF ALKYLENE
GLYCOL Field of the Invention The present invention
relates to a process for the preparation of an
alkylene glycol wherein an alkylene carbonate
undergoes hydrolysis in the presence of a catalyst .
Background of the Invention Monoethylene glycol is
used as a raw material in the manufacture of polyester
fibres, polyethylene terephthalate (PET) plastics and
resins. It is also incorporated into automobile
antifreeze liquids. Monoethylene glycol may be
prepared from ethylene oxide via ethylene carbonate.
This is typically carried out in a two-step process
wherein the first step is the reaction of ethylene
oxide with carbon dioxide to form ethylene carbonate,
and the second step is the hydrolysis of ethylene
carbonate to form ethylene glycol . US 6,187,972
describes a process for manufacturing ethylene glycol
from ethylene carbonate wherein the hydrolysis is
carried out in two reactors. In an example, the
conversion of ethylene carbonate achieved in the first
reactor is 93.0% and in the second reactor is about
100% (the detection limit was less than lOppm) . It is
desirable to minimise the amount of unreacted ethylene
carbonate that remains in the ethylene glycol product
because the compounds form an azeotropic mixture and
their separation and purification is difficult. A
similar process for manufacturing ethylene glycol is
disclosed in US 6,080,897. The present inventors have
sought to further improve the manufacture of alkylene
glycol from alkylene carbonate, maximising conversion
and minimising liquid shortcutting whilst ensuring
that the process is aseconomical as possible. In
practice, decreasing the residence time of the
reactants and/or decreasing the reactor size can
increase the economy (i.e. minimise the cost) of the
process. The present inventors have therefore sought
to provide an improved process wherein the conversion
to alkylene glycol is maximised (and is preferably
100%) and liquid shortcutting is avoided whilst
maintaining or decreasing the residence time and/or
the reactor size. Summary of the Invention
Accordingly, the present invention provides a process
for the preparation of an alkylene glycol from an
alkylene carbonate, which comprises hydrolyzing
alkylene carbonate in the presence of catalyst in a
baffled 



reactor, wherein the baffled reactor has at least four
compartments, the compartments are formed by internal
baffles and the internal baffles provide a sinuous
route for reaction fluid through the reactor. The
process of the invention provides excellent conversion
of an alkylene carbonate to an alkylene glycol. The
inventors have found that using the baffled reactor
reduces variation in residence time and prevents
shortcutting of liquid, so the likelihood of any
alkylene carbonate molecule passing through the
reactor quickly and without reacting is minimised and
the likelihood of any molecule remaining in the
reactor for an extended period (in a so-called dead
zone in the reactor) is also minimised. The conversion
to alkylene glycol can be maximised whilst minimising
the residence time and/or reactor size. Brief
Description of the Drawings Figure 1 is a schematic
diagram showing a process according to an embodiment
of the invention. Figure 2 is a schematic diagram
showing a process according to a further embodiment of
the invention.Figure 3 is a schematic diagram showing
a process according to a yet further embodiment of the
invention. Detailed Description of the Invention The
present invention provides a process for the
preparation of an alkylene glycol from an alkylene
carbonate : R1, R2, R3 and R4 may independently be
chosen from hydrogen or an optionally substituted
alkyl group having from 1 to 6 carbon atoms,
preferably from 1 to 3 carbon atoms. As substituents,
moieties such as hydroxy groups may be present.
Preferably, R1' R2 and R3 represent hydro gen atoms
and R4 represents hydrogen or a non- substituted
Ci-C3-alkyl group and, more preferably, R1, R2, R3 and
R4 all represent hydrogen atoms. Examples of suitable
alkylene carbonates therefore include ethylene
carbonate and propylene carbonate. In the present
invention the most preferred alkylene carbonate is
ethylene carbonate. The baffled reactor has at least
four compartments. The term "compartment" is used to
describe a subdivision of the volume of a reactor
through which the reaction fluids must pass, e.g. if
the reactor has two compartments, reaction fluids must
travel through both compartments before exiting the
reactor. Preferably the baffled reactor has at least
six compartments, most preferably at least ten
compartments . Increased numbers of compartments
decreases the variability of residence time and
therefore increases the conversion of alkylene
carbonate to alkylene glycol for a given reactor
volume or can maintain the conversion level with a
smaller reactor volume .The reaction fluid is a liquid
phase and is present in the reactor below a gaseous
phase. It is preferred that the reaction fluids pass
from compartment to compartment without leaving the
reactor, i.e. there are no external pipes connecting
the compartments . The dimensions of the reactor are
preferably such that, in use, the reactor is longer in
the horizontal dimension than it is in the vertical
dimension. Preferably one or more inlets for reactants
are positioned at one side of the reactor and one or
more outlets for products are positioned at another
side of the reactor, i.e. the reaction fluid travels
from one side of the reactor to another side, rather
than from top to bottom, or bottom to top. The
compartments in each reactor are formed by internal
baffles and the internal baffles provide a sinuous
route for reaction fluid through the reactor. The term
"sinuous route" is used to describe an undulating
route through the reactor (e.g. an up -down -up-down
route or a left-right-left-right route) . However a
"sinuous route" does not mean that all molecules
follow a smooth, direct sinuous route through the
reactor; instead it is preferred that the majority of
molecules follow a highly disrupted route through the
reactor, deviating from a smooth sinuous route that
represents the net flow. Preferably the sinuous route
through the reactor is substantially horizontal, i.e.
the route is from one side of the reactor to another
side, even if the undulations are up -down. The term
"internal baffle" is used to describe a plate that is
present within the reactor, subdividing the 



reactor volume into compartments and disrupting the
flow of reaction fluids. The baffles optionally
contain a plurality of holes through which the
reaction fluid canpass, but preferably do not contain
holes. The baffles may conveniently extend from one
internal surface of the reactor or may connect two
internal surfaces of the reactor. The smallest angle
at the interface between the surface of baffle and the
internal surface of the reactor is preferably greater
than 45, more preferably greater than 60. Most
preferably, the baffles are perpendicular to the
internal surface of the reactor. The baffles are
preferably selected from downwardly extending baffles;
upwardly extending baffles; baffles extending from one
side of the reactor to the other; and mixtures
thereof. The terms "upwardly", "downwardly" and "from
one side to the other" denote directions in the
reactor when the reactor is used in the process of the
invention. The terms are not used to describe only
directions that are exactly perpendicular to the
internal surfaces of the reactor, but also denote
directions that are up to 45 from the perpendicular,
preferably up to 30  from the perpendicular (e.g. an
upwardly extending baffle extends upwards from the
bottom surface of the reactor, but the angle formed
between the bottom surface and the surface of the
baffle is from 90 to 45) . In a preferred embodiment,
the compartments in the baffled reactor are formed by
a series of alternating first internal baffles and
second internal baffles that provide a sinuous route
for reaction fluid through the reactor . In a most
preferred embodiment the reaction fluids pass over the
first internal baffles and reaction fluids pass under
the second internal baffles. For example, the first
internal baffles may be upwardly extending baffles and
the second internal baffles may be baffles extending
from side- to-side of the reactor. (The second
internal baffles may be downwardly extending baffles
but this is not preferred because gas flow over the
top of the baffleis prevented.) The reaction fluids
flow over the top of the upwardly extending baffles
and flow underneath the side-to-side baffles.
Preferably the top edges of the first internal baffles
are higher than the bottom edges of the second
internal baffles. ("Higher" means closer to the top of
the reactor when the reactor is used in the process of
the invention.) This means that there is overlap of
the baffles and the reaction fluid follows a sinuous
route over the top edges of the first internal baffles
and underneath the bottom edges of the second internal
baffles . Most preferably the angle between a line
from the top edge of the first internal baffle to the
bottom edge of the second internal baffle and the
horizontal is in the range of from 5 to 15. Preferably
the second internal baffles have a "lip", i.e. there
are extended sections at the bottom edges of the
second internal baffles. The lip is preferably
horizontal or up to 30 from the horizontal. (The term
"horizontally" denotes a direction in the reactor when
the reactor is used in the process of the invention.)
The provision of the lip on the second internal
baffles increases mixing as the liquids pass from one
compartment in the reactor to the next and at the same
time prevents shortcutting of liquid by providing a
disrupted sinuous route for reaction fluids through
the reactor. In a further preferred embodiment, the
reaction fluids pass around one side (e.g. the left)
of the first internal baffles and reaction fluids pass
around the other side (e.g. the right) of the second
internal baffles. For example, the first internal
baffles may extend from a first side (e.g. the right)
of the reactor and the second internal baffles may
extend from a second side (e.g. the left) of the
reactor. The reaction fluids flow around the left hand
side of the first internalbaffles and flow around the
right hand side of the second internal baffles.
Preferably there is overlap of the first internal
baffles and second internal baffles. In a yet further
preferred embodiment, the reaction fluids pass between
a pair of first internal baffles and then around both
sides of the second internal baffles. For example, the
first internal baffles may extend from both sides of
the reactor and the second internal baffles may be
upwardly extending baffles . The reaction fluids flow
between the pair of first internal baffles and then
around both sides of the upwardly extending baffle.
Steam may be injected into the baffled reactor. 



Steam injection can increase turbulence and disrupt
the sinuous flow pattern of the liquid and can
therefore also be used to decrease the variability in
residence time and prevent liquid shortcutting.
Preferably steam is injected into at least every
second compartment and most preferably steam is
injected into every compartment. In the embodiment of
the invention wherein the reaction fluids pass over
the first internal baffles and reaction fluids pass
under the second internal baffles, steam is preferably
injected below the second internal baffles. Mechanical
stirring may be used in the baffled reactor, but this
is not preferred because it increases the complexity
of the reactor and is generally unnecessary as
sufficient mixing is provided by the baffled structure
and can be provided by optional steam addition.
Hydrolysis of the alkylene carbonate takes place in
the baffled reactor in the presence of catalyst.
Suitable catalysts are known to the skilled person and
are described, for example, in US 4,283,580. Preferred
catalysts include a carbonate of an alkali metal such
aspotassium carbonate or a molybdate such as potassium
molybdate. The catalyst is supplied to the baffled
reactor with the reactants. The temperature in the
baffled reactor is typically from 80 to 200 0 C ,
preferably from 100 to 180 0C . The pressure in the
baffled reactor is typically from 0.1 to 3MPa,
preferably from 0.1 to 2MPa and most preferably from
0.2 to IMPa . In a preferred embodiment of the
invention, the process comprises hydrolyzing alkylene
carbonate in the presence of catalyst in a first
reactor and in the baffled reactor, wherein the
baffled reactor is downstream of the first reactor,
wherein the first reactor has one or more compartments
and wherein the baffled reactor has more compartments
than the first reactor. The first reactor and the
baffled reactor are arranged in series (the baffled
reactor is downstream of the first reactor) , such
that reactants are supplied to the first reactor,
wherein hydrolysis of a proportion of the alkylene
carbonate will occur, and the product stream from the
first reactor is then passed (optionally but not
preferably via further reactors) to the baffled
reactor wherein further hydrolysis of remaining
alkylene carbonate will occur. In a preferred
embodiment of the invention, hydrolysis of alkylene
carbonate in the presence of catalyst takes place only
in two reactors (the first reactor and the baffled
reactor) and the baffled reactor is directly
downstream of the first reactor, i.e. alkylene
carbonate is supplied to the first reactor (preferably
as a component of a product stream from a
carboxylation reactor) , hydrolysis occurs in the
first reactor, the product stream is passed directly
to the baffled reactor wherein hydrolysis of remaining
alkylene carbonate occurs, and a product
streamcomprising alkylene glycol (and preferably less
than lwt% alkylene carbonate, most preferably 0%
alkylene carbonate) emerges from the baffled reactor.
It is preferred that hydrolysis occurs in two reactors
because this is a simple and economical system design
yet high conversions can be achieved. In an
alternative embodiment of the invention, hydrolysis of
alkylene carbonate in the presence of catalyst takes
place in three or more reactors (preferably three to
five) arranged in series or in parallel (although the
baffled reactor must be downstream of the first
reactor) . One of the reactors is the first reactor of
the invention, and one of the reactors, downstream of
the first reactor, is the baffled reactor of the
invention. Preferably the final reactor in the series
of reactors is a baffled reactor. The hydrolysis may
also occur in more than one baffled reactor with the
preferred features as described above, for example in
a series of three reactors there may be a first
reactor and two baffled reactors downstream of the
first reactor. The first reactor preferably has from
one to three compartments and most preferably has
three compartments . The first reactor can have a
relatively simple design because it is not important
to minimise the amount of alkylene carbonate that
emerges from the first reactor because the liquids
will subsequently be passed to the baffled reactor and
undergo further reaction. Preferably the pressure in
the first reactor is 



higher than the pressure in the baffled reactor. High
pressure is preferred in the first reactor because the
cost of recycling carbon dioxide is lower. Lower
pressure in the baffled reactor is desirable because
this increases the reaction rate (at least for
catalystsystems such potassium carbonate) . The
pressure in the first reactor is typically from 0.2 to
5MPa, preferably from 0.5 to 3MPa and most preferably
from 1 to 2.5MPa. The temperature in the first reactor
is typically from 80 to 200 0C , preferably from 100
to 18O 0C . In a preferred embodiment of the
invention, an outlet tube having a high length to
diameter ratio is connected to the baffled reactor.
Preferably the residence time of the product stream in
this outlet tube is at least 20 seconds, more
preferably at least 30 seconds. An outlet tube of this
type can be used to further increase the conversion to
alkylene glycol because any remaining alkylene
carbonate is likely to undergo hydrolysis whilst in
the outlet tube. The product stream from the baffled
reactor (or the product stream from an outlet tube
connected to the baffled reactor) contains alkylene
glycol and preferably contains less than lOppm
alkylene carbonate, most preferably no detectable
alkylene carbonate. The alkylene glycol-rich product
stream is typically subjected to distillation to
obtain a dehydrated alkylene glycol and a solution of
the hydrolysis catalyst. The hydrolysis catalyst is
supplied as a catalyst solution to the reactant stream
that is provided to the first reactor. Figure Ia shows
a process according to an embodiment of the invention.
A reactant stream (1) of ethylene carbonate, water and
catalyst is fed into a first reactor (2) . In the
first reactor ethylene carbonate is hydrolysed to give
ethylene glycol. The first reactor is partitioned into
three compartments. The product stream from the first
reactor containing ethylene glycol, any unreacted
water and ethylene carbonate, and catalyst is fed to a
baffled reactor (3) . The baffled reactor (3) is
partitioned into compartments by alternating first
internal baffles and second internal baffles (4, 5).
Thefirst internal baffles (4) are upwardly extending
baffles and the second internal baffles (5) are
side-to-side baffles. The side-to-side baffles (5)
have a horizontally-extending lip section at the
bottom edge of the plate . The positioning of the
baffles (4,5) is shown further in figures Ib, Ic and
Id. Figure Ib shows that the angle between a line from
the bottom edge of the second internal baffle (4) to
the top edge of the first internal baffle (5) and the
horizontal is 10 (figure is not drawn to scale) .
Figure Ic is a cross-section of Figure Ia taken
through line A-A and showing a second internal baffle
(5) in the baffled reactor (3) . The second internal
baffles (5) extend between the sides of the baffled
reactor (3) but do not extend to the top and bottom of
the reactor. Figure Id is a cross-section of Figure Ia
taken through line B-B and showing a first internal
baffle (4) in the baffled reactor (3) . The first
internal baffle (4) extends upwards from the base of
the reactor (3) . Figure Ia also shows an outlet tube
connected to the baffled reactor (3) . The liquids in
the baffled reactor (3) have a disrupted sinuous route
through the reactor and it is likely that all
remaining ethylene carbonate will be hydrolysed in the
baffled reactor (3) . If any ethylene carbonate does
emerge from the baffled reactor (3) , it is likely be
hydrolysed in the outlet tube. The residence time of
the liquids in the portion of the outlet tube
indicated by (6) is at least 20 seconds. The liquids
pass from the outlet tube to a dehydrator where the
ethylene glycol is distilled. Figure 2a shows a
process according to a further embodiment of the
invention. The features of the process are the same as
those shown in Figure Ia except for the configuration
of the first internal baffles and secondinternal
baffles (4, 5 ) . The first internal baffles (4)
extend from one side of the reactor and the second
internal baffles (5) extend from the other side of the
reactor. The positioning of the baffles (4,5) is shown
further in figures 2b and 2c. Figure 2b is a
crosssection of Figure 2a taken through line A-A and
showing a first internal baffle (4) in the baffled
reactor (3) . The first internal baffle (4) extends
from one side of the baffled reactor (3) , extending
to the bottom but not the 



top of the reactor. Figure 2c is a cross-section of
Figure 2a taken through line B-B and showing a second
internal baffle (5) in the baffled reactor (3) . The
second internal baffle (5) extends from the other side
of the baffled reactor (3) , extending to the bottom
but not the top of the reactor. The liquids in the
baffled reactor (3) flow around the sides of the first
and second internal baffles (4,5) and it is likely
that all remaining ethylene carbonate will be
hydrolysed in the baffled reactor (3) . Figure 3a
shows a process according to a yet further embodiment
of the invention. The features of the process are the
same as those shown in Figure Ia except for the
configuration of the first internal baffles and second
internal baffles (4, 5 ) . The first internal baffles
(4) extend from both sides of the reactor and the
second internal baffles (5) are upwardly- extending
baffles. The positioning of the baffles (4,5) is shown
further in Figures 3b and 3c. Figure 3b is a
crosssection of Figure 3a taken through line A-A and
showing a first internal baffle (4) in the baffled
reactor (3) . The first internal baffles (4) extend
from both side of the baffled reactor (3) , extending
to the bottom but not the top of the reactor and
providing a path for reaction fluid between the
opposing pair of baffles. Figure 3c isa cross- section
of Figure 3a taken through line B-B and showing a
second internal baffle (5) in the baffled reactor (3)
. The second internal baffle (5) extends from the
bottom of the baffled reactor (3) , but does not
extend to the sides or the top of the reactor. The
liquids in the baffled reactor (3) flow between the
first internal baffles (4) and around both sides of
the second internal baffles (5) and it is likely that
all remaining ethylene carbonate will be hydrolysed in
the baffled reactor (3) .- 4 - C L A I M S 1 . A
process for the preparation of an alkylene glycol from
an alkylene carbonate, which comprises hydrolyzing
alkylene carbonate in the presence of catalyst in a
baffled reactor, wherein the baffled reactor has at
least four compartments, the compartments are formed
by internal baffles and the internal baffles provide a
sinuous route for reaction fluid through the reactor.
2 . A process according to claim 1 , wherein the
baffled reactor has at least six compartments. 3 . A
process according to claim 1 or claim 2 , wherein the
compartments in the baffled reactor are formed by a
series of alternating first internal baffles and
second internal baffles that provide a sinuous route
for reaction fluid through the reactor. 4 . A process
according to claim 3 , wherein reaction fluids pass
over the first internal baffles and reaction fluids
pass under the second internal baffles. 5 . A process
according to claim 4 , wherein the top edges of the
first internal baffles are higher than the bottom
edges of the second internal baffles. 6 . A process
according to claim 4 or claim 5 , wherein the second
internal baffles have extended sections at their
bottom edges . 7 . A process according to any
preceding claim, which comprises hydrolyzing alkylene
carbonate in the presence of catalyst in a first
reactor and in the baffled reactor, wherein the
baffled reactor is downstream of the first reactor,
wherein the first reactor has one or more compartments
and wherein the baffled reactor has more compartments
than the first reactor.8 . A process according to
claim 7 , comprising hydrolysing alkylene carbonate in
the presence of catalyst in three or more reactors. 9
. A process according to claim 7 or claim 8 , wherein
the pressure in the first reactor is higher than the
pressure in the baffled reactor. 10. A process as
claimed in any preceding claim, wherein an outlet tube
is connected to the baffled reactor and the residence
time of the product stream in the outlet tube is at
least 20 seconds. 


