
HETEROCYCLIC ANTIVIRAL COMPOUNDS The present invention provides
non-nucleoside compounds and certain derivatives thereof which are
inhibitors of RNA-dependent RNA viral polymerase. These compounds are
useful for the treatment of RNA-dependent RNA viral infection. They are
particularly useful as inhibitors of hepatitis C virus (HCV) NS5B
polymerase, as inhibitors of HCV replication, and for the treatment of
hepatitis C infection. Hepatitis C virus is the leading cause of chronic
liver disease throughout the world. (Boyer, N. et al, J. Hepatol. 2000
32:98-1 12). Patients infected with HCV are at risk of developing cirrhosis
of the liver and subsequent hepatocellular carcinoma and hence HCV is the
major indication for liver transplantation. HCV has been classified as a
member of the virus family Flaviviridae that includes the genera
flaviviruses, pestiviruses, and hapaceiviruses which includes hepatitis C
viruses (Rice, C. M., Flaviviridae: The viruses and their replication. In:
Fields Virology, Editors: B. N. Fields, D. M. Knipe and P. M. Howley,
Lippincott-Raven Publishers, Philadelphia, Pa., Chapter 30, 931-959, 1996).
HCV is an enveloped virus containing a positive-sense single-stranded RNA
genome of approximately 9.4 kb. The viral genome consists of a highly
conserved 5' untranslated region (UTR), a long open reading frame encoding
a polyprotein precursor of-approximately 301 1 amino acids, and a short 3'
UTR. Genetic analysis of HCV has identified six main genotypes which
diverge by over 30% of the DNA sequence. More than 30 subtypes have been
distinguished. In the US approximately 70% of infected individuals have
Type I a and Ib infection. Type Ib is the most prevalent subtype in Asia.
(X. Forns and J . Bukh, Clinics in Liver Disease 1999 3:693-716; J. Bukhef
al, Semin. Liv. Dis. 1995 15:41-63). Unfortunately Type 1 infectious is
more resistant to therapy than either type 2 or 3 genotypes (N. N. Zein,
Clin. Microbiol. Rev. , 2000 13:223-235). Viral structural proteins include
a nucleocapsid core protein (C) and two envelope glycoproteins, El and E2.
HCV also encodes two proteases, a zinc-dependent metalloproteinase encoded
by the NS2-NS3 region and a serine protease encoded in the NS3 region.
These proteases are required for cleavage of specific regions of the
precursor polyprotein into mature peptides. The carboxyl half of
nonstructural protein 5, NS5B, contains the RNA-dependent RNA polymerase.
The function of the remaining nonstructural proteins, NS4A and NS4B, and
that of NS5A (the amino-terminal half of nonstructural protein 5) remain
unknown. It is believed that most of the non-structural proteins encoded by
the HCV RNA genome are involved in RNA replicationCurrently a limited
number of approved therapies are available for the treatment of HCV
infection. New and existing therapeutic approaches for treating HCV
infection and inhibiting of HCV NS5B polymerase activity have been
reviewed: R. G. Gish, Sent. Liver. Dis., 1999 19:5; Di Besceglie, A. M. and
Bacon, B. R., Scientific American, October: 1999 80-85; G. Lake-Bakaar,
Current and Future Therapy for Chronic Hepatitis C Virus Liver Disease,
Curr. Drug Targ. Infect Dis. 2003 3(3):247-253; P. Hoffmann et al., Recent
patent on experimental therapy for hepatitis C virus infection (1999-2002),
Exp. Opin. Ther. Patents 2003 13(1 1): 1707- 1723; M. P. Walker et al,
Promising Candidates for the treatment of chronic hepatitis C, Exp. Opin.
Investing. Drugs 2003 12(8):1269-1280; S.-L. Tan et al, Hepatitis C
Therapeutics: Current Status and Emerging Strategies, Nature Rev. Drug
Discov. 2002 1:867-881; J . Z. Wu and Z. Hong, Targeting NS5B RNA-Dependent
RNA Polymerase for Anti-HCV Chemotherapy, Curr. Drug Targ. - Infect. Dis.
2003 3(3):207-219. Ribavirin
(l-((2R,3R,4S,5R)-3,4-Dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-lH-[
l,2,4]triazole- 3-carboxylic acid amide; Virazole(r)) is a synthetic,
non-interferon- inducing, broad-spectrum antiviral nucleoside analog.
Ribavirin has in vitro activity against several DNA and RNA viruses
including Flaviviridae (Gary L. Davis. Gastroenterology 2000 118:S1O4-S1
14). Although, in monotherapy ribavirin reduces serum amino transferase
levels to normal in 40% of patients, it does not lower serum levels of
HCV-RNA. Ribavirin also exhibits significant toxicity and is known to
induce anemia. Viramidine is a ribavirin prodrug converted to ribavirin by
adenosine deaminase in hepatocytes. (J. Z. 



Wu, Antivir. Chem. Chemother. 2006 17(l):33-9) Interferons (IFNs) have been
available for the treatment of chronic hepatitis for nearly a decade. IFNs
are glycoproteins produced by immune cells in response to viral infection.
Two distinct types of interferon are recognized: Type 1 includes several
interferon alphas and one interferon beta, type 2 includes interferon
gamma. Type 1 interferons are produced mainly by infected cells and protect
neighboring cells from de novo infection. IFNs inhibit viral replication of
many viruses, including HCV, and when used as the sole treatment for
hepatitis C infection, IFN suppresses serum HCV-RNA to undetectable levels.
Additionally, IFN normalizes serum amino transferase levels. Unfortunately,
the effects of IFN are temporary. Cessation of therapy results in a 70%
relapse rate and only 10-15% exhibit a sustained virological response with
normal serum alanine transferase levels. (Davis, Luke-Bakaar, supra) One
limitation of early IFN therapy was rapid clearance of the protein from the
blood. Chemical derivatization of IFN with polyethyleneglycol (PEG) has
resulted in proteins with substantially improved pharmacokinetic
properties. PEGASYS(r) is a conjugate interferon a-2a and a 40 kD branched
monomethoxy PEG and PEG-INTRON(r) is a conjugate of interferon a-2b and a
12 kD mono-methoxy PEG. (B. A. Luxon et al, Clin. Therap. 2002
24(9):13631383; A. Kozlowski and J . M. Harris, J. Control. Release 2001
72:217-224).Combination therapy of HCV with ribavirin and interferon-alpha
currently is the optimal therapy for HCV. Combining ribavirin and PEG-IFN
(infra) results in a sustained viral response (SVR) in 54-56% of patients
with type 1 HCV. The SVR approaches 80% for type 2 and 3 HCV. (Walker,
supra) Unfortunately, combination therapy also produces side effects which
pose clinical challenges. Depression, flu-like symptoms and skin reactions
are associated with subcutaneous IFN-alpha and hemolytic anemia is
associated with sustained treatment with ribavirin. A number of potential
molecular targets for drug development as anti-HCV therapeutics have now
been identified including, but not limited to, the NS2-NS3 autoprotease,
the NS3 protease, the NS3 helicase and the NS5B polymerase. The
RNA-dependent RNA polymerase is absolutely essential for replication of the
single-stranded, positive sense, RNA genome. This enzyme has elicited
significant interest among medicinal chemists. Nucleoside inhibitors can
act either as a chain terminator or as a competitive inhibitor that
interferes with nucleotide binding to the polymerase. To function as a
chain terminator the nucleoside analog must be taken up by the cell in vivo
and be converted in vivo to its triphosphate form to compete as a substrate
at the polymerase nucleotide binding site. This conversion to the
triphosphate is commonly mediated by cellular kinases which impart
additional structural limitations on any nucleoside. In addition this
requirement for phosphorylation limits the direct evaluation of nucleosides
as inhibitors of HCV replication to cell-based assays (J. A. Martin et ah,
U.S. Patent No. 6,846,810; C. Pierra et al., J. Med. Chem. 2006
49(22):6614-6620; J .W. Tomassini et al. , Antimicrob. Agents and
Chemother. 2005 49(5):2050; J . L. Clark et al., J. Med. Chem. 2005
48(17):2005). Combination therapy has become standard therapy in the
treatment of HIV and similar practices should be beneficial for treatment
of HCV as safe and effective compounds are identified. Current approved
therapies for HCV include ribavirin, pegylated interferon-alpha-2a
(PEGASYS), pegylated interferonalpha- 2b (PEGINTRON) and interferon
alfacon-1 . Therapy comprising a combination of a compound from the present
invention and one or more of existing therapeutics would be beneficial.
Other biologically active agents, including but not limited to the group
consisting of interferon, a pegylated interferon, ribavirin, protease
inhibitors, polymerase inhibitors, small interfering RNA compounds,
antisense compounds, nucleotide analogs, nucleoside analogs,
immunoglobulins, immunomodulators, hepatoprotectants, anti-inflammatory
agents, antibiotics, antivirals and antiinfective compounds. Such
combination therapy may also comprise providing a compound of the invention
either concurrently or sequentially with other medicinal agents or
potentiators, such as ribavirin and related compounds, 



amantadine and related compounds, various interferons such as, for example,
interferon-alpha, interferonbeta, interferon gamma and the like, as well as
alternate forms of interferons such as pegylatedinterferons. Additionally
combinations of ribavirin and interferon, may be administered as
combination therapy with at least one of the compounds of the present
invention. Other interferons currently in development include
albinterferon-a-2b (Albuferon), IFN-omega with DUROS, LOCTERON(tm) and
interferon-a-2b XL. As these and other interferons reach the marketplace
their use in combination therapy with compounds of the present invention is
anticipated. HCV polymerase inhibitors are another target for drug
discovery and compounds in development include R-1626, R-7128,
IDX184/IDX102, PF-868554 (Pfizer), VCH-759 (ViroChem), GS-9190 (Gilead), A-
837093 and A-848837 (Abbot), MK-3281 (Merck), GSK949614 and GSK625433
(Glaxo), ANA598 (Anadys), VBY 708 (ViroBay). Inhibitors of the HCV NS3
protease also have been identified as potentially useful for treatment of
HCV. Protease inhibitors in clinical trials include VX-950 (Telaprevir,
Vertex), SCH503034 (Broceprevir, Schering), TMC435350 (Tibotec/Medivir) and
ITMN-1 9 1 (Intermune). Other protease inhibitors in earlier stages of
development include MK7009 (Merck), BMS-790052 (Bristol Myers Squibb),
VBY-376 (Virobay), IDXSCA/IDXSCB (Idenix), BI12202 (Boehringer), VX-500
(Vertex), PHX1766 Phenomix). Other targets for anti-HCV therapy under
investigation include cyclophilin inhibitors which inhibit RNA binding to
NS5b, nitazoxanide, Celgosivir (Migenix), an inhibitor of a-glucosidase-1,
caspase inhibitors, Toll-like receptor agonists and immunostimulants such
as Zadaxin (SciClone). There is currently no preventive treatment of
Hepatitis C virus (HCV) and currently approved therapies, which exist only
against HCV, are limited. Design and development of new pharmaceutical
compounds is essential. The present invention provides a compound according
to formula I , or a pharmaceutically acceptable salt thereof, and the use
of such compounds for the treatment of a host infected with HCV.Compounds
of the present invention are compounds of formula I : R1 is hydrogen, C L6
alkyl, C1 haloalkyl, halogen, hydroxy, Ci- alkoxy, Ci- haloalkoxy, cyano,
NRaRb, carboxy, C13 alkoxycarbonyl, carboxamido, amino Ci_3alkyl, C13
acylamino Ci_3alkyl, Ci_6 hydroxyalkoxy. R2 is selected from the group
consisting of: (a) -[C(R8 p-Ar 1 (b) -[C(R8^p-OAr 1, (c) -(CH2)mC(=O)X, (d)
-NR 7C(=O)Ar 4, (e) -C1-6 alkyl, (f) -C1-6 haloalkyl, (g) C1-6 alkoxy, (h)
C1-6 haloalkoxy, (i) C1-6 hydroxyalkyl, (j) hydroxy, (k) halogen, (1)
hydrogen, (m) phenoxysulfonyl, (n) -0(CH 2)InAr 1, (0) - [C(R8)2]p-NReRf,
(p) (E)- or (Z) - R10C=CR10Ar 1, (q) -CCAr 1 wherein R8 is independently in
each occurrence hydrogen, carboxyl, C13 alkoxycarbonyl, carboxamido, C13
hydroxyalkyl, Ci-3 alkyl, - (CH2)rNR8Rh or cyano, R10 is independently in
each occurrence hydrogen, Ci- alkyl, Ci- hydroxyalkyl, cyano, Ci-3
alkoxycarbonyl, carboxamido, or Ci_3alkoxy-Ci_6alkyl, p is zero to four,
and r is 1 to 3. Ar 1 is phenyl, naphthyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl quinolinyl optionally independently substituted with
one to three substitutents selected from the group consisting of (a)
hydroxy, (b) Ci- alkoxy, (c) Ci- alkyl, (d) Ci 10 hydroxyalkyl wherein one
or two carbon atoms optionally can be replaced by oxygen provided the
replacement does not form a oxygen-oxygen bond, (e) Ci-3 alkoxy-Ci_6 alkyl,
(f) halogen, (g) cyano, (h) Ci- alkoxycarbonyl, (i) Ci- alkylsulfonyl, (j)
X1(CH2)L 6CO2H, (k) C1-3 acylamino-Ci_6 alkyl, (1) (CH2)nNRaRb, (m)
(CH2)nCONRaRb, (n) -O(CH 2)nCONRaRb, (0) X2(CH2)2 6NR8Rh (p) X C1-6
hydroxyalkyl, (q) C1-6 haloalkyl or (r) carboxyl; Ra andR b are (i)
independently in each occurrence (a) hydrogen, (b) Ci- alkyl, (c) Ci-3
haloalkyl, (d) Ci- acyl, (e) Ci- alkylsulfonyl, (f) Ci- haloalkylsulfonyl,
(g) C3 7 cycloalkylsulfonyl, (h) C3 7 cycloalkyl-Ci 3 alkyl-sulfonyl, (i)
C1-6 alkoxy-C 1-6 alkylsulfonyl, (j) (CH2) 3NR8R , (k) SO2(CH2)L6NR R11
wherein R8 and Rh are as defined above, (1) sulfamoyl , (m) Ci-3
alkylsulfamoyl, (n) Ci-3 dialkylsulfamoyl, (0) carbamoyl, (p) Ci-3
alkylcarbamoyl, (q) Ci-3 dialkylcarbamoyl, (r) benzoyl said benzoyl
optionally independently substituted with one or two groups selected from
the group consisting of amino, halogen, 



Ci- alkyl or C13 alkylsulfonylamido, (s) Ci- carboxyalkylsulfonyl, (t) C2_6
hydroxyalkylsulfonyl or (U)Ra and Rb taken together with the nitrogen to
which they are attached are (a) an optionally substituted cyclic amine (b)
(CH 2)2-3q C(O) or (c) 2-oxo-oxazolidine; Re and Rf when (i) taken
independently are selected from (a) hydrogen, (b) Ci_3 alkyl, (c) C4.7
cycloalkyl, (d) C3.7 cycloalkylcarbonyl (e) phenyl said cycloalkyl and said
phenyl moieties are optionally independently substituted with one to three
groups selected from Ci_3 alkylsulfonylamido, C1.3 alkyl, C1.3 alkoxy or
halogen or (ii) when taken together along with the nitrogen to which they
are attached are a cyclic amine independently substituted with one to three
groups selected from C1.3 alkylsulfonylamido, C1.3 alkyl, C1.3 alkoxy or
halogen. X is OH, Ci_6 alkoxy, NRcRd or Ar 3. Ar 3 is phenyl optionally
substituted with one to three substitutents selected from the group
consisting of: (a) halogen, (b) hydroxy, (c) C1.3 hydroxyalkyl, (d) amino,
(e) amino-Ci. 3 alkyl, (f) C1.3 alkylamino (g) Ci. 3 alkylamino- Ci_3
alkyl, (h) C1.3 dialkylamino, (i) C1.3 dialkylamino-Ci. 3 alkyl, (j)
carboxamido, (k) Ci_6 alkylsulfonylamido, (1) Ci_6alkylsulfonylamido-Ci_3
alkyl, (m) NR7-Ct_3 alkyl-Ci.6 alkylsulfonamido, (n) C1.6 alkyl, (0) Ci_6
alkoxycarbonyl and (p) carboxyl. R andR d are (z) independently in each
occurrence: (a) hydrogen, (b) Ar 2, (c) Ar 2-Ci_6 alkyl, (d) C3.6
cycloalkyl optionally substituted C1.3 dialkylamino, Ci_6 alkylsulfonamido
or C1.3 hydroxyalkyl, (e) Cue alkyl-C 3_7 cycloalkyl, (f) Ci_3 alkoxy-Ci_ 3
alkyl, (g) pyridinyl or pyridinyl Ci_6 alkyl said pyridinyl optionally
substituted with amino, C1.3 alkylamino, C1.3 dialkylamino, Ci_6
alkylsulfonylamido, sulfamoyl, C1.3 alkylsulfamoyl, C1.3 dialkylsulfamoyl,
(h) thienyl optionally substituted with C1.3 alkyl, (i) heterocyclyl or
heterocyclyl Ci_6 alkyl wherein the heterocyclyl group is pyrrolidine or
piperidine said heterocyclyl group is optionally substituted with C1.3
alkyl or oxo, (j) C1.3 alkyl-imidazol-4-yl or (k) (CH 2)2-4NR8Rh; or (H) Rc
andR d together with the nitrogen to which they are attached are
pyrrolidinyl or piperidinyl both of which are optionally substituted with
C1.3 alkyl, hydroxy or hydroxy-Ci. 3 alkyl. Ar 2 is phenyl optionally
substituted with one to three substituents independently selected from the
group consisting of (a) Ci_3 alkyl (b) amino, (c) amino C alkyl, (d) C1.3
alkylamino, (e) C1.3 alkylamino-Ci. 3 alkyl, (f) Ci_3 dialkylamino, (g) OCH
2CO NRgRh 1, (h) C1-3 alkylsulfonylamido, (i) d _3 alkylsulfonamido- Ci-3
alkyl, (j) N-Ci_3 alkyl-Ci_ 6 alkylsulfonamido, (k) C1.3 hydroxyalkyl, and
(1) hydroxy. Ar 4 is phenyl, pyridinyl, pyrazinyl, pyridazinyl or
pyrimidinyl each optionally substituted with one to three substituents
independently selected in each occurrence from the group consisting of (a)
amino, (b) Ci-3 alkylamino, (c) di-Ci_3 alkylamino, (d) C1.3
haloalkylamino, (e) Ci_6 alkylsulfonylamido, (f) sulfamoyl, (g) C1.3
alkylsulfamoyl, (h) C1.3 dialkylsulfamoyl, (i) Ci.6 alkylsulfonylamido-Ci_
3 alkyl, (j) NR7-Ci_3 alkyl-Ci-6 alkylsulfonamido, (k) halogen, (1) Ci_3
alkyl, (m) C1.3 alkoxy, (n) Ci-6 acylamino, (0)hydroxy, (p) (CH 2)nC0NR
aRb, (q) -0(CH 2)nC0NR aRb, (r) -O(CH 2)nNRiRj wherein R and Rj are
independently hydrogen or C1.3 alkyl, (s) -NR'(CH 2)nORj wherein R1 and Rj
are independently hydrogen or C alkyl, (t) Ci_3-haloalkyl, (u) C1.3
alkoxy-Ci_ 6 alkoxy, (v) C3.6 cycloalkylamine. R3 is hydrogen, C 6 alkyl,
Ci_6 haloalkyl, Ci_6 alkoxy, Ci_6 haloalkoxy, C1.3 alkoxy-Ci-6 alkoxy,
halogen, 0(CH 2) 6X3 wherein X3 is OH or N(R 7)2; or R3 and R4a together
are CH2-O and together with atoms to which they are attached form a
2,3-dihydrobenzofuran or an indane; R4a, R4b and R4c (a) when taken
independently are each selected independently from (i) C1.3 alkyl, (H) Ci_2
alkoxy, (Hi) Ci_2 fluoroalkyl, ( zv)Ci_3 hydroxyalkyl, (v) hydroxy (vi)
CO2H, (vii) Ci_6 alkoxycarbonyl, (viii) cyano or (ix) N(R 7)2 or (b) when
taken together, (i) R4a and R4b together are C2.4 methylene and R4c is
hydrogen, Ci_3 alkyl, Ci_3 hydroxyalkyl, Ci_2 alkoxy, halogen, cyano or
Ci_2 fluoroalkyl or (U) R4a and R4b together with the carbon to which they
are attached are 3-oxetanyl R4c is hydrogen, Ci-3 alkyl, or (c) either (i)
R5 and R4a or (H) R3 and R4a together are CH2-O or (CH 2)2 and with atoms
to which they are attached form a 2,3-dihydro-benzofuran or an indane and
R4b and R4c are Ci-3 alkyl or (d) R4a, R4b, R4c together with the carbon to
which they are attached are cyclopropyl, trifluoromethyl or
2,2,2-trifluoroethyl; 



R5 is hydrogen, halogen, Ci_6 alkyl, hydroxy or R5 and R4a together are
CH2-O and together with atoms to which they are attached form a
2,3-dihydrobenzofuran or an indane; R6 is (a) halogen, (b) Ci_6 alkyl
wherein one or two non-adjacent carbon atoms optionally can be replaced by
oxygen, (c) Ci- haloalkyl, (d) Ci-3 alkoxy, (e) X1-C2.6 hydroxyalkyl
wherein one or two non-adjacent carbon atoms optionally can b e replaced by
oxygen, (f) cyano-Ci_ 3 alkyl, (g) X1(CH 2) CO2H or (h) X1- (CH 2)2_6NRgRh.
R9 is hydrogen, CH2OH, CH(Me)OH, CH(Me)OR 9 or CH2OR9 , wherein R9a is (a)
CO(CH 2)SCO2H wherein s is one to four, (b) C(O)CHR 9bNHR 9c wherein R9b is
hydrogen, methyl, zso-propyl, zso-butyl, sec-butyl, phenyl or
4-hydroxy-phenyl and R9c is hydrogen or Ci_6 alkoxycarbonyl or R9b and R9c
together are (CH 2)3, (c) -P(O)(OH) 2 or (d) COR 11 wherein R 11 is Ci-6
alkyl, piperidin-4-yl methyl or optionally substituted aryl; X1 is O, N R7,
or a bond; X2 is O or N R7; R8 and Rh are independently hydrogen or Ci-6
alkyl or R8 and Rh together with the nitrogen to which they are attached
are an optionally substituted cyclic amine;R7 is independently in each
occurrence hydrogen of Ci_3 alkyl; m is zero to three. n is independently
in each occurrence zero to two. The present invention further comprises the
neutral molecule or pharmaceutically acceptable salts thereof when acidic
or basic atoms are present which can be converted to a salt. The present
invention also provides a method for inhibiting replication of HCV in a
cell by administering a compound according to formula I in an amount
effective to inhibit HCV. The present invention also provides a
pharmaceutical composition comprising a compound according to formula I and
at least one pharmaceutically acceptable carrier, diluent or excipient. 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 be used interchangeably herein. 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. 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 open-ended 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 "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. When any
variable (e.g., R1, R4a, Ar, X1 or Het) occurs more than one time in any
moiety or formula depicting and describing compounds employed or claimed in
the present invention, its definition on eachoccurrence 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. 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(=O)OR4 wherein R4 = 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. 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 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, unless specifically indicated otherwise, the word "or"
is used in the "inclusive" sense of "and/or" and not the "exclusive" sense
of "either/or". 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. 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 anindividual 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)OH-), amide/imidic acid (-C(O)-NH-
-C(-0H)=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. It
will be appreciated by the skilled artisan that some of 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. It will be further appreciated by the skilled artisan that
substitution of the tropane ring can be in either endo- or exo-conf
guration, and the present invention covers both configurations. 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
diastereomeric 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 to 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 may contain an acidic or basic functional groups. Suitable acid addition
salts are formed by protonation of a basic center with an acid.
Deprotonation of an acidic center by a base likewise forms a salt. Salt
formation may confer a desirable pharmacokinetic property on the active
ingredient which were absent in the non-salt form, and may even positively
affect the pharmacodynamics of the active ingredient with respect to its
therapeutic activity in the body. The phrase "pharmaceuticallyacceptable
salt" of a compound means a salt that is pharmaceutically acceptable and
that possesses the desired pharmacological activity of the parent compound.
Such salts include: (1) acid addition salts, formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic
acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo[2.2.2]-oct-2-ene-l-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic
acid, salicylic acid, stearic acid, muconic acid, and the like; or (2)
salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion,
or an aluminum ion; or coordinates with an organic base such as
ethanolamine, diethanolamine, triethanolamine, tromethamine,
N-methylglucamine, and the like. For a review on suitable salts see Berge
et al, J. Pharm. Sd., 1977 66:1-19 and G. S. Paulekuhn et al. J. Med. Chem.
2007 50:6665. 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). 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. Materials, reagents and the like to
which reference are made in the following description and examples are
obtainable from commercial sources, unless otherwise noted. General
synthetic procedures have been described in treatise such as Fieser and
Fieser's Reagents for Organic Synthesis; Wiley & Sons: New York, Volumes
1-21; R. C. LaRock, Comprehensive Organic Transformations, 2nd edition
Wiley-VCH, New York 1999; Comprehensive Organic Synthesis, B. Trost and
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 and will be familiar to those skilled in
the art. In one embodiment of the present invention there is provided a
compound according to formula I , or a pharmaceutically acceptable salt
thereof, wherein R1, R2, R3, R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p
are as described herein above. In all other embodiments provided below,
substituents which can bepresent in each embodiment and 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: R1 is hydrogen, Ci_ alkyl, Ci-6 haloalkyl,
halogen, hydroxy, Ci-6 alkoxy, Ci- haloalkoxy, cyano, NRaRb, carboxy, C13
alkoxycarbonyl, carboxamido, amino Ci-3alkyl, C13 acylamino Ci_3alkyl, Ci-6
hydroxyalkoxy; R2 is selected from the group consisting of: (a) -[C(R^ 2
p-Ar 1 (b) -[C(R 8 Ip-OAr 1, (c) - (CH2)mC(=O)X, (d) -NR 7C(=O)Ar 4, (e)
-Ci-6 alkyl, (f) -C1-6 haloalkyl, (g) Ci-6 alkoxy, (h) Ci-6 haloalkoxy, (i)
Ci-6 alkyl, (j) Ci-6 hydroxyalkyl, (k) hydroxy, (1) halogen, (m) hydrogen,
(0) phenoxysulfonyl, (p) -0 (CH )1nAr 1, (q) -[C(R 8)2]p-NReRf, (r) C2 4
(alkenylene)Ar 1 and wherein R8 is hydrogen, carboxyl, C1 3 alkoxycarbonyl,
carboxamido, C13 hydroxyalkyl, C13 alkyl or cyano and p is zero to four; Ar
1 is phenyl, pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl optionally
independently substituted with one to three substitutents selected from the
group consisting of hydroxy, Ci-6 alkoxy, Ci-6 alkyl, Ci _6 hydroxyalkyl,
halogen, (CH2)nNRaRb, (CH2)nC0NR aRb and -O(CH 2)nCONRaRb; Ra andR b are
independently in hydrogen, Ci-6 alkyl, Ci-6 acyl, Ci-6 sulfonyl, sulfamoyl
Ci_3 alkylsulfamoyl, C13 dialkylsulfamoyl, carbamoyl, C13 alkylcarbamoyl,
C13 dialkylcarbamoyl or benzoyl said benzoyl optionally independently
substituted with one or two groups selected from the group consisting of
amino, halogen, Ci-6 alkyl or C13 alkylsulfonylamido; Re and Rf when (i)
taken independently are selected from hydrogen, C13 alkyl, C4 7 cycloalkyl
or phenyl said cycloalkyl and said phenyl optionally independently
substituted with one to three groups selected from C1 3 alkylsulfonylamido,
C1 3 alkyl, Ci-3 alkoxy or halogen or (ii) when taken together along with
the nitrogen to which they are attached are a pyrrolidine, a piperidine or
an azepinyl ring optionally independently substituted with one to three
groups selected from Ci-3 alkylsulfonylamido, Ci-3 alkyl, Ci-3 alkoxy or
halogen; X is OH, Ci-6 alkoxy, NRcRd or Ar 3; Ar 3 is phenyl, pyridinyl or
thienyl each optionally substituted with one to three substitutents
selected from the group consisting of: (i) halogen, (ii) hydroxy, (iii)
Ci-3 hydroxyalkyl, (iv) amino, (v) amino-Ci -3 alkyl, (vi) Ci-3 alkylamino,
(vii) Ci-3 alkylamino- Ci-3 alkyl, (viii) Ci_3 dialkylamino, (xi) Ci-3
dialkylamino-Ci 3 alkyl, (x)carboxamido, (xi) Ci-6 alkylsulfonylamido,
(xii) Ci-6 alkylsulfonylamido-Ci -3 alkyl and (xiii) NC13 alkyl-Ci_6
alkylsulfonamido; Rc andR d are (i) independently in each occurrence Rc
andR d are (z) independently in each occurrence: (a) hydrogen, (b) Ar 2,
(c) Ar 2-Ci_6 alkyl, (d) C3 6 cycloalkyl optionally substituted C13
dialkylamino or C13 hydroxyalkyl, (e) Ci-6 alkyl-C3_7 cycloalkyl, (f) C13
alkoxy-Ci -3 alkyl, (g) pyridinyl or pyridinyl Ci-6 alkyl said pyridinyl
optionally substituted with amino, C13 alkylamino, C1 3 dialkylamino, Ci-6
alkylsulfonylamido, sulfamoyl, C13 alkylsulfamoyl, C1 3 dialkylsulfamoyl,
(h) thienyl optionally substituted with C1 3 alkyl, (i) heterocyclyl or
heterocyclyl Ci-6 alkyl wherein the heterocyclyl group is pyrrolidine or
piperidine said heterocyclyl group is optionally substituted with Ci-3
alkyl or oxo; (j) C1 3 alkyl-imidazol-4-yl, (k) (CH2)2 4NRgRh or (ii) Rc
andR d together with the nitrogen to which they are attached are
pyrrolidinyl or piperidinyl both of which are optionally substituted with
Ci-3 alkyl, hydroxy or hydroxy-Ci -3 alkyl; Ar 2 is phenyl optionally
substitutedwith one to three substituents independently selected from the
group consisting of (a) Ci_3 alkyl (b) amino, (c) amino Ci-3 alkyl, (d) Ci.
3 alkylamino, (e) Ci_3alkylamino-Ci_ 3 alkyl, (f) Ci-3 dialkylamino, (g)
Ci_3 alkylamino-Ci_ 3 alkyl, (h) Ci-3 alkylsulfonylamido, (i) C1.3
alkylsulfonamido-C 1.3 alkyl, (j) N-Ci -3 alkyl-C 1-6 alkylsulfonamido and
(k) Ci 3 hydroxyalkyl, (1) hydroxy and (m) OCH 2CONR R11 ; Ar 4 is phenyl
or pyridinyl both optionally substituted with one to three substituents
independently selected in each occurrence from the group consisting of (a)
amino, (b) C1.6 alkylsulfonylamido, (c) sulfamoyl, (d) Ci-3 alkylsulfamoyl,
(e) Ci-3 dialkylsulfamoyl, (f) Ci-6alkylsulfonylamido-Ci_3 alkyl, (g) N-Ci
-3 alkyl-Ci_6 alkylsulfonamido, (h) halogen, (i) Ci-3 alkyl, (j) Ci-3
alkoxy, (k) Ci_6 acylamino, (1) hydroxy, (m) halogen; (n) (CH 2)nCONR aRb
and (0) -O(CH 2)nCONR aRb; R7 is hydrogen or C1.3 alkyl; R3 is hydrogen,
C1-6 alkyl, Ci 6 haloalkyl, Ci-6 alkoxy, Ci-6 haloalkoxy or halogen; R4a,
R4b and R4c (i) when taken independently are selected independently from
Ci-3 alkyl, Ci_2 alkoxy or Ci_2 fluoroalkyl or (ii) when taken together,
R4a and R4b together are C2.4 methylene and R4 is C1.3 alkyl, Ci-2 alkoxy
or Ci-2 fluoroalkyl; R5 is hydrogen or fluorine; R6 is halogen, Ci-6 alkyl,
Ci 3 haloalkyl or Ci- alkoxy; m is zero 



to three; n is independently in each occurrence zero to 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 hydrogen, Ci-6 alkyl, Ci-6 haloalkyl, halogen, hydroxy, Ci-6
alkoxy, Ci-6 haloalkoxy, cyano, NRaRb, carboxy, Ci-3 alkoxycarbonyl,
carboxamido, amino Ci-3alkyl, Ci-3 acylamino Ci_3alkyl, Ci-6 hydroxyalkoxy,
R2 is selected from the group consisting of: (a) -[C(R 8)2]p-Ar x (b)
-[C(R^ 2 p-OAr 1, (c) - (CH 2)mC(=O)X, (d) -NR 7C(=O)Ar 4, (e) -Ci -6
alkyl, (f) -Ci -6 haloalkyl, (g) Ci-6 alkoxy, (h) Ci-6 haloalkoxy, (i) Ci-6
alkyl, (j) Ci-6 hydroxyalkyl, (k) hydroxy, (1) halogen, (m) hydrogen, (0)
phenoxysulfonyl, (p) -O(CH 2)mAr 1, (q) -[C(R 8)2]p-NR eRf, (r) (E)- or (Z)
- R8C=CR 8Ar 1- wherein R8 is hydrogen, carboxyl, C1.3 alkoxycarbonyl,
carboxamido, C1.3 hydroxyalkyl, C1.3 alkyl or cyano andp is zero to four
and (s) hydrogen; Ar 1 is phenyl, pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl optionally independently substituted with one to three
substitutents selected from the group consisting of hydroxy, Ci-6 alkoxy,
Ci-6 alkyl, Ci-6 hydroxyalkyl, halogen, cyano, Ci-6 alkoxycarbonyl],
carboxyl, C1.3 acylamino- CI-6 alkyl, (CH 2)nNRaR b, (CH 2)nCONR aRb, -O(CH
2)nCONR aRb, X2(CH 2)2.6NRgRh, Ci_6 haloalkyl or carboxy; Ra andR b are
independently in hydrogen, Ci-6 alkyl, Ci-6 acyl, Ci-6 alkylsulfonyl, Ci-6
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci -3
alkyl-sulfonyl, Ci-6 alkoxy-Ci -6 alkylsulfonyl, sulfamoyl Ci-3
alkylsulfamoyl, Ci-3 dialkylsulfamoyl NHSO 2NMe 2, carbamoyl, Ci-3
alkylcarbamoyl, Ci-3 dialkylcarbamoyl or benzoyl said benzoyl optionally
independently substituted with one or two groups selected from the group
consisting of amino, halogen, Ci-6 alkyl or Ci-3 alkylsulfonylamido; Re and
Rf when (i) taken independently are selected from hydrogen, Ci-3 alkyl,
C4.7 cycloalkyl or phenyl said cycloalkyl and said phenyl optionally
independently substituted with one to three groups selected from Ci-3
alkylsulfonylamido, Ci-3 alkyl, Ci-3 alkoxy or halogen or (ii) when taken
together along with the nitrogen to which they are attached are a
pyrrolidine, a piperidine or an azepinyl ring optionally independently
substituted with one to three groups selected from Ci-3
alkylsulfonylamido,Ci_3 alkyl, C1.3 alkoxy or halogen; X is OH, Ci_6
alkoxy, NRcRd or Ar 3; Ar 3 is phenyl pyridinyl or thienyl each optionally
substituted with one to three substitutents selected from the group
consisting of: (i) halogen, (ii) hydroxy, (iii) C1- hydroxyalkyl, (iv)
amino, (v) amino-Ci. 3 alkyl, (vi) C1.3 alkylamino (vii) Ci_3 alkylamino-
CV3 alkyl, (viii) C13 dialkylamino, (ixi) Ci-3 dialkylamino-Ci_ 3 alkyl,
(x)carboxamido, (x) Ci_6 alkylsulfonylamido, (xi)
Ci.6alkylsulfonylamido-Ci. 3 alkyl and (xii)N-Ci -3 alkyl-Ci.6
alkylsulfonamido; Rc andR d are (z) independently in each occurrence_R c
andR d are (z) independently in each occurrence: (a) hydrogen, (b) Ar , (c)
Ar -Ci_6 alkyl, (d) C3.6 cycloalkyl optionally substituted Ci-3
dialkylamino or Ci-3 hydroxyalkyl, (e)Ci_6 alkyl-C 3.7 cycloalkyl, (f) Ci-3
alkoxy-Ci_ 3 alkyl, (g) pyridinyl or pyridinyl Ci_6 alkyl said pyridinyl
optionally substituted with amino, Ci-3 alkylamino, Ci-3 dialkylamino, C1.6
alkylsulfonylamido, sulfamoyl, Ci-3 alkylsulfamoyl, Ci-3 dialkylsulfamoyl,
(h) thienyl optionally substituted with Ci-3 alkyl, (i) heterocyclyl or
heterocyclyl Ci_6 alkyl wherein the heterocyclyl group is pyrrolidine or
piperidine said heterocyclyl group is optionally substituted with Ci-3
alkyl or oxo, (j) Ci-3 alkyl-imidazol-4-yl, or (k) (CH 2)2-4NRgRh; or (ii)
RcandR d together with the nitrogen to which they are attached are
pyrrolidinyl or piperidinyl both of which are optionally substituted with
Ci-3 alkyl, hydroxy or hydroxy-Ci_ 3 alkyl; Ar is phenyl optionally
substituted with one to three substituents independently selected from the
group consisting of (a) Ci-3 alkyl (b) amino, (c) amino Ci-3 alkyl, (d) Ci
_3 alkylamino, (e) Ci-3 alkylamino-Ci -3 alkyl, (f) Ci-3 dialkylamino, (g)
Ci-3 alkylamino-Ci -3 alkyl, (h) Ci-3 alkylsulfonylamido, (i) Ci-3
alkylsulfonamido-Ci_ 3 alkyl, (j) N-Ci -3 alkyl-Ci-6 alkylsulfonamido and
(k) Ci- 3 hydroxyalkyl; Ar 4 is phenyl, pyridinyl, pyrazinyl, pyridazinyl
or pyrimidinyl each optionally substituted with one to three substituents
independently selected in each occurrence from the group consisting of (a)
amino, (b) Ci_6 alkylsulfonylamido, (c) sulfamoyl, (d) Ci-3 alkylsulfamoyl,
(e) Ci-3 dialkylsulfamoyl, (f) Ci.6 alkylsulfonylamido-Ci. 3 alkyl, (g)
N-Ci -3 alkyl-Ci_ 6 alkylsulfonamido, (h) halogen, (i) Ci-3 alkyl, (j) Ci-3
alkoxy, (k) Ci-6 acylamino, (1) hydroxy, (m) halogen; (n) (CH 2)nCONR aRb
and (0) - O(CH 2)nCONR aRb; R7 is hydrogen or Ci-3 alkyl; R3 is hydrogen,
C1-6 alkyl, -6 haloalkyl, Ci-6 alkoxy, 



Ci-6 haloalkoxy, halogen or R3 and R4a together are CH2-O and together with
atoms to which they are attached form a 2,3-dihydrobenzofuran; R4a, R4b and
R4c (i) when taken independently are selected independently from Ci-3
alkyl, Ci_2 alkoxy, Ci_2 fluoroalkyl or hydroxy or (ii) when taken
together, R4a and R4b together are C2_4 methylene and R4c is Ci-3 alkyl,
Ci- alkoxy, halogen or Ci- fluoroalkyl or (iii) either R5 or R3 and R4a
together are CH2-O and together with atoms to which they are attached for a
2,3- dihydro-benzofuran and R4b and R4c are Ci-3 alkyl; R5 is hydrogen,
fluorine or R5 and R4a together are CH2-O and together with atoms to which
they are attached form a 2,3-dihydrobenzofuran; R6 is halogen, Ci-6 alkyl
wherein one or two non-adjacent carbon atoms optionally can b e replaced by
oxygen, Ci-3 haloalkyl, Ci-3 alkoxy, Ci-6 hydroxyalkyl; m is zero to three;
n is independently in each occurrence zero to two; or, pharmaceutically
acceptable salts thereof. In still another embodiment of the present
invention there is provided a compound according to formula I wherein R1 is
hydrogen, Ci-6 alkyl, Ci-6 haloalkyl, halogen, hydroxy, Ci-6 alkoxy, Ci-6
haloalkoxy, cyano,NRaRb, carboxy, Ci_3 alkoxycarbonyl, carboxamido, amino
C^alkyl, C1.3 acylamino Ci. 3alkyl, Ci-6 hydroxyalkoxy; R2 is selected from
the group consisting of: (a) -[C(R^ 2 p-Ar 1 (b) -[C(R 8 Ip-OAr 1, (c) -
(CH 2)mC(=O)X, (d) -NR 7C(=O)Ar 4, (e) -Ci -6 alkyl, (f) -C1-6 haloalkyl,
(g) C1-6 alkoxy, (h) C1-6 haloalkoxy, (i) Ci- alkyl, (j) Ci_6 hydroxyalkyl,
(k) hydroxy, (1) halogen, (m) hydrogen, (0) phenoxysulfonyl, (p) -0(CHa)
1nAr 1, (q) -[C(R 8)2]p-NR eRf, (r) (E)- or (Z) - R10C=CR 10Ar 1-, (s)
hydrogen, (t) -CCArVherein R8 is hydrogen, carboxyl, C1.3 alkoxycarbonyl,
carboxamido, C1.3 hydroxyalkyl, C1.3 alkyl, -(CH 2)rNRgRh or cyano, R10 is
independently in each occurrence hydrogen, Ci- alkyl, Ci- hydroxyalkyl,
cyano, C alkoxycarbonyl, carboxamido, or Ci_3alkoxy-Ci_6alkyl, p is zero to
four, r is 1 to 3, and R8 and Rh are independently hydrogen or Ci- alkyl or
R8 and Rh together with the nitrogen to which they are attached are an
optionally substituted cyclic amine; Ar 1 is phenyl, naphthyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl quinolinyl optionally independently
substituted with one to three substitutents selected from the group
consisting of (a) hydroxy, (b) Ci- alkoxy, (c) Ci- alkyl, (d) Ci. 10
hydroxyalkyl wherein one or two carbon atoms optionally can b e replaced by
oxygen provided the replacement does not form a oxygen-oxygen bond, (e)
Ci_3 alkoxy-Ci_ 6 alkyl, (f) halogen, (g) cyano, (h) C1.6 alkoxycarbonyl,
(i) Ci-6 alkylsulfonyl, (j) carboxyl, (k) C1. acylamino-Ci -6 alkyl, (I)
(CH 2)nNRaRb, (m) (CH 2)nCONR aRb and (n) -O(CH 2)nCONR aRb; Ra andR b are
() independently in each occurrence (a) hydrogen, (b) Ci-6 alkyl, (c) C1.3
haloalkyl, (d) Ci-6 acyl, (e) Ci-6 alkylsulfonyl, (f) Ci-6
haloalkylsulfonyl, (g) C3-7 cycloalkylsulfonyl, (h) C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl, (i) Ci-6 alkoxy-Ci. 6 alkylsulfonyl, (j) (CH 2)i_3NR8Rh,
(k) SO2(CH 2) L6NR8R11 wherein R8 and Rh are as defined above, (1)
sulfamoyl Ci_3 alkylsulfamoyl, (m) C1.3 dialkylsulfamoyl, (n) carbamoyl,
(0) Ci.3alkylcarbamoyl, (p) C1.3 dialkylcarbamoyl, or (q) benzoyl said
benzoyl optionally independently substituted with one or two groups
selected from the group consisting of amino, halogen, Ci-6 alkyl or C1.3
alkylsulfonylamido; or (U) Ra andR b taken together with the nitrogen to
which they are attached are (a) an optionally substituted cyclic amine (b)
(CH 2)2.3OC(O) or (c) 2-oxo-oxazolidine; Re and Rf when (i) taken
independently are selected from (a) hydrogen, (b) C1.3 alkyl, (c) C4.7
cycloalkyl or (d) phenyl said cycloalkyl and said phenyl optionally
independently substituted with one to three groups selected from C1.3
alkylsulfonylamido, C1.3 alkyl, C1.3 alkoxy or halogen or (ii) when taken
together along with the nitrogen to which they are attached are a cyclic
amine independently substituted with one to three groups selected from Ci-3
alkylsulfonylamido, Ci-3 alkyl, Ci-3 alkoxy or halogen; X is OH, Ci-6
alkoxy, NRcRd or Ar 3; Ar 3 is phenyl optionally substituted with one to
three substitutents selected from the group consisting of: (a) halogen, (b)
hydroxy, (c) C hydroxyalkyl, (d) amino, (e) amino-Ci -3 alkyl, (f) Ci-3
alkylamino (g) Ci-3 alkylamino- Ci-3 alkyl, (h) Ci-3 dialkylamino, (i) Ci-3
dialkylamino-Ci -3 alkyl, (j)carboxamido, (k) Ci-6 alkylsulfonylamido, (1)
Ci-6 alkylsulfonylamido-Ci -3 alkyl, (m) NR 7-Ci -3 alkyl-Ci -6
alkylsulfonamido, (n) Ci-6 alkyl, (0) Ci-6 alkoxycarbonyl and (p) carboxyl;
Rc andR d are (i) independently in each occurrence_R c andR d are (i)
independently in each occurrence: (a) hydrogen, (b) Ar 2, (c) Ar 2-Ci_6
alkyl, (d) C3_6 



cycloalkyl optionally substituted Ci-3 dialkylamino, C alkylsulfonamido or
Ci-3 hydroxyalkyl, (e)Ci -6alkyl-C3-7 cycloalkyl, (f) C1.3 alkoxy-Ci_ 3
alkyl, (g) pyridinyl or pyridinyl Ci_6 alkyl said pyridinyl optionally
substituted with amino, C1.3 alkylamino, C1.3 dialkylamino, Ci_6
alkylsulfonylamido, sulfamoyl, Ci-3 alkylsulfamoyl, C dialkylsulfamoyl, (h)
thienyl optionally substituted with C alkyl, (i) heterocyclyl or
heterocyclyl Ci_6 alkyl wherein the heterocyclyl group is pyrrolidine or
piperidine said heterocyclyl group is optionally substituted with C1.3
alkyl or oxo; or (U) Rc andR d together with the nitrogen to which they are
attached are pyrrolidinyl or piperidinyl both of which are optionally
substituted with Cy alkyl, hydroxy or hydroxy-Cy alkyl; Ar 2 is phenyl
optionally substituted with one to three substituents independently
selected from the group consisting of (a) Cy alkyl (b) amino, (c) amino Cy
alkyl, (d) C1.3 alkylamino, (e) Cyalkylamino-Cy alkyl, (f) Cy dialkylamino,
(g) Cyalkylamino-Cy alkyl, (h) Cy alkylsulfonylamido, (i) Cy
alkylsulfonamido-Cy alkyl, (J) N-Ci -3 alkyl-Ci -6 alkylsulfonamido, (k)
C1.3 hydroxyalkyl, and (1) hydroxy; Ar 4 is phenyl, pyridinyl, pyrazinyl,
pyridazinyl or pyrimidinyl each optionally substituted with one to three
substituents independently selected in each occurrence from the group
consisting of (a) amino, (b) Cy alkylamino, (c) di-Cy alkylamino, (d) Ci-3
haloalkylamino, (e) Ci_6 alkylsulfonylamido, (f) sulfamoyl, (g) C1.3
alkylsulfamoyl, (h) C1.3 dialkylsulfamoyl, (i) Ci- alkylsulfonylamido-Cy
alkyl, (j) NR 7-Cy alkyl-Ci -6 alkylsulfonamido, (k) halogen, (1) Ci-3
alkyl, (m) Ci-3 alkoxy, (n) Ci_6 acylamino, (0) hydroxy, (p) halogen; (q)
(CH 2)nCONR aRb, (r) -O(CH 2)nCONR aRb, (s) -O(CH 2)nNRiRj wherein R and Rj
are independently hydrogen or Ci-3 alkyl, (t) -NR i(CH 2)nORj , (u)
Cy-haloalkyl, (v) Ci-3 alkoxy-Ci -6 alkoxy, (w) C3.6 cycloalkylamine; R7 is
independently in each occurrence hydrogen or Ci-3 alkyl; R3 is hydrogen,
Ci_6 alkyl, Ci_6 haloalkyl, Ci_6 alkoxy, Ci_6 haloalkoxy, Ci-3 alkoxy-Ci.6
alkoxy, halogen or R3 and R4a together are CH2-O and together with atoms to
which they are attached form a 2,3-dihydrobenzofuran or an indane; R4a, R4b
and R4c (a) when taken independently are each selected independently from
(i) Ci-3 alkyl, (U) Ci-2 alkoxy, (Ui) Ci_2 fluoroalkyl, (Jv)Ci -3
hydroxyalkyl or (v) hydroxy or (b) when taken together, (i) R4a and R4b
together are C2.4 methylene and R4c is C1.3 alkyl, Ci_2 alkoxy, halogen,
cyano or Ci_2 fluoroalkyl or (U) R4a and R4b together with the carbon to
which they are attached are 3-oxetanyl R4c is hydrogen, C1.3 alkyl, or (c)
either (i) R5 and R4a or (U) R3 and R4a together are CH2-O or (CH 2)2 and
with atoms to which they are attached for a 2,3-dihydro-benzofuran or an
indane and R4b and R4c are Ci-3 alkyl; R5 is hydrogen, fluorine or R5 and
R4a together are CH2-O and together with atoms to which they are attached
form a 2,3-dihydrobenzofuran or an indane; R6 is (a) halogen, (b) Ci_6
alkyl wherein one or two non-adjacent carbon atoms optionally can b e
replaced by oxygen, (c) Ci-3 haloalkyl, (d) Ci-3 alkoxy, (e) Ci-6
hydroxyalkyl wherein one or two non-adjacent carbon atoms optionally can b
e replaced by oxygen or (f) cyano-Cy alkyl; R9 is hydrogen, CH2OH, CH2OR9"
wherein R9a is (CH 2)SCO2H wherein s is one to four, C(O)CHR 9bNHR 9c
wherein R9b is hydrogen, methyl, iso-propyl, iso-butyl, sec-butyl, phenyl
or 4-hydroxy-phenyl and R9c is hydrogen or Ci_6 alkoxycarbonyl; m is zero
to three; and n is independently in each occurrence zero to two.In yet
another embodiment of the present invention there is provided a compound
according to formula I wherein R1 is hydrogen, Ci_6 alkyl, Ci-6 haloalkyl,
halogen, hydroxy, Ci-6 alkoxy, Ci-6 haloalkoxy, cyano, NRaRb, carboxy, Ci_3
alkoxycarbonyl, carboxamido, amino Ci-3alkyl, C1.3 acylamino Ci. 3alkyl,
Ci-6 hydroxyalkoxy. R2 is selected from the group consisting of: (a) -[C(R^
2 p-Ar 1 (b) -[C(R 8 Ip-OAr 1, (c) - (CH 2)mC(=O)X, (d) -NR 7C(=O)Ar 4, (e)
-Ci -6 alkyl, (f) -Ci -6 haloalkyl, (g) Ci-6 alkoxy, (h) Ci-6 haloalkoxy,
(i) Ci- alkyl, (j) Ci-6 hydroxyalkyl, (k) hydroxy, (1) halogen, (in)
hydrogen, (0) phenoxy, (p) - O(CH 2)mAr 1, (q) -[C(R 8)2]p-NR eRf, (r) (E)-
or (Z) - R10C=CR 10Ar 1-, (s) hydrogen, (t) -CCArVherein R8 is hydrogen,
carboxyl, Ci_3 alkoxycarbonyl, carboxamido, C13 hydroxyalkyl, C13 alkyl,
-(CH 2)rNR8Rh or cyano, R10 is independently in each occurrence hydrogen,
Ci-6 alkyl, Ci 6 hydroxyalkyl, cyano, C1.3 alkoxycarbonyl, carboxamido, or
Ci_3alkoxy-Ci_ 6alkyl, p is zero to four, r is 1 to 3, and R8 and Rh are
independently hydrogen or Ci-6 alkyl or R8 and Rh together with the
nitrogen to which they are attached are an optionally substituted cyclic
amine. Ar 1 is Ar 1 is phenyl, naphthyl, pyridinyl, pyrimidinyl, 



pyrazinyl, pyridazinyl or quinolinyl each optionally independently
substituted with one to three substitutents selected from the group
consisting of (a) hydroxy, (b) Ci-6 alkoxy, (c) Ci-6 alkyl, (d) Ci. 10
hydroxyalkyl wherein one or two carbon atoms optionally can b e replaced by
oxygen provided the replacement does not form a oxygen- oxygen, (e) C13
alkoxy-Ci-6 alkyl, (f) halogen, (g) cyano, (h) Ci-6 alkoxycarbonyl, (i)
Ci-6 alkylsulfonyl, (j) carboxyl, (k) Ci-3 acylamino-Ci -6 alkyl, (1) (CH
2)nNRaRb, (m) (CH 2)nCONR aRb and (n) -O(CH 2)nCONR aRb. Ra andR b are (i)
independently in each occurrence (a) hydrogen, (b) Ci-6 alkyl, (c) Ci-3
haloalkyl, (d) Ci-6 acyl, (e) Ci-6 alkylsulfonyl, (f) Ci-6
haloalkylsulfonyl, (g) C3-7 cycloalkylsulfonyl, (h) C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl, (i) Ci-6 alkoxy-Ci. 6 alkylsulfonyl, (j) (CH 2)i_3NR8Rh,
(k) SO2(CH 2) L6NR8R11 wherein R8 and Rh are as defined above, (1)
sulfamoyl Ci_3 alkylsulfamoyl, (m) C1.3 dialkylsulfamoyl, (n) carbamoyl,
(0) Ci.3alkylcarbamoyl, (p) C1.3 dialkylcarbamoyl, or (q) benzoyl said
benzoyl optionally independently substituted with one or two groups
selected from the group consisting of amino, halogen, Ci-6 alkyl or C1.3
alkylsulfonylamido; or (U) Ra and Rb taken together with the nitrogen to
which they are attached are (a) an optionally substituted cyclic amine (b)
(CH 2)2.3OC(O) or (c) 2-oxo-oxazolidine. Re and Rf when (i) taken
independently are selected from (a) hydrogen, (b) C1.3 alkyl, (c) C4.7
cycloalkyl or (d) phenyl said cycloalkyl and said phenyl optionally
independently substituted with one to three groups selected from Ci-3
alkylsulfonylamido, C1.3 alkyl, C1.3 alkoxy or halogen or (ii) when taken
together along with the nitrogen to which they are attached are a cyclic
amine independently substituted with one to three groups selected from Ci-3
alkylsulfonylamido, Ci-3 alkyl, Ci-3 alkoxy or halogen. X is OH, Ci-6
alkoxy, NRcRd or Ar 3. Ar 3 is phenyl optionally substituted with one to
three substitutents selected from the group consisting of: (a) halogen, (b)
hydroxy, (c) C hydroxyalkyl, (d) amino, (e) amino-Ci -3 alkyl, (f) Ci-3
alkylamino (g) Ci- 3 alkylamino- Ci-3 alkyl, (h) Ci-3 dialkylamino, (i)
Ci-3 dialkylamino-Ci -3 alkyl, (j)carboxamido, (k) Ci-6 alkylsulfonylamido,
(1) Ci_6alkylsulfonylamido-Ci_3 alkyl, (m) NR 7-Ci -3 alkyl-Ci -6
alkylsulfonamido, (n) Ci-6 alkyl, (0) Ci-6 alkoxycarbonyl and (p) carboxyl.
RcandR d are (i) independently in each occurrenceRc andR d are (i)
independently in each occurrence: (a) hydrogen, (b) Ar 2, (c) Ar 2-Ci_6
alkyl, (d) C3.6 cycloalkyl optionally substituted C1.3 dialkylamino, C
alkylsulfonamido or C1.3 hydiOxyalkyl, (e)Ci_6 alkyl-C3_7 cycloalkyl, (f) C
alkoxy-Ci_ 3 alkyl, (g) pyridinyl or pyridinyl C\ alkyl said pyridinyl
optionally substituted with amino, C1.3 alkylamino, C1.3 dialkylamino, Ci_6
alkylsulfonylamido, sulfamoyl, C1.3 alkylsulfamoyl, C1.3 dialkylsulfamoyl,
(h) thienyl optionally substituted with C1.3 alkyl, (i) heterocyclyl or
heterocyclyl Ci_6 alkyl wherein the heterocyclyl group is pyrrolidine or
piperidine said heterocyclyl group is optionally substituted with C1.3
alkyl or oxo; or (U) Rc andR d together with the nitrogen to which they are
attached are pyrrolidinyl or piperidinyl both of which are optionally
substituted with Ci-3 alkyl, hydroxy or hydroxy-Cy alkyl. Ar 2 is phenyl
optionally substituted with one to three substituents independently
selected from the group consisting of (a) C1.3 alkyl (b) amino, (c) amino
Cy alkyl, (d) C1.3 alkylamino, (e) Cy alkylamino-Cy alkyl, (f) Cy
dialkylamino, (g) Cyalkylamino-Cy alkyl, (h) C1.3 alkylsulfonylamido, (i)
Cyalkylsulfonamido-Cyalkyl, (J) N-Ci -3 alkyl-Ci -6 alkylsulfonamido, (k)
Ci-3 hydroxyalkyl, and (1) hydroxy. Ar 4 is phenyl, pyridinyl, pyrazinyl,
pyridazinyl or pyrimidinyl each optionally substituted with one to three
substituents independently selected in each occurrence from the group
consisting of (a) amino, (b) Ci-3 alkylamino, (c) di-Ci. 3 alkylamino, (d)
Ci-3 haloalkylamino, (e) Ci_6 alkylsulfonylamido, (f) sulfamoyl, (g) C1.3
alkylsulfamoyl, (h) C1.3 dialkylsulfamoyl, (i) Ci. alkylsulfonylamido-Cy
alkyl, (j) NR7-Ci_3 alkyl-Ci_6 alkylsulfonamido, (k) halogen, (1) C alkyl,
(m) Cy alkoxy, (n) Ci_6 acylamino, (o) hydroxy, (p) halogen; (q) (CH
2)nCONR aRb, (r) -O(CH 2)nCONR aRb, (s) -O(CH 2)nNRiRj wherein R and Rj are
independently hydrogen or Ci-3 alkyl, (t) -NR i(CH 2)nORj , (u)
Cy-haloalkyl, (v) Ci-3 alkoxy-Ci -6 alkoxy, (w) C3.6 cycloalkylamine. R7 is
independently in each occurrence hydrogen or Ci- alkyl. R3 is hydrogen,
Ci_6 alkyl, Ci_6 haloalkyl, Ci_6 alkoxy, Ci_6 haloalkoxy, Ci-3 alkoxy-Ci.6
alkoxy, halogen or R3 and R4a together are CH2-O and together with atoms to
which they are attached form a 2,3-dihydrobenzofuran or an 



indane. R4a, R4b and R4c (a) when taken independently are each selected
independently from (i) Ci-3 alkyl, (U) d _2 alkoxy, (Ui) Ci_2 fluoroalkyl,
(Jv)Ci-3 hydroxyalkyl (v) hydroxy (vz)cyano or (vii) halogen or (b) when
taken together, (i) R4a and R4b together are C2.4 methylene and R4c is C1.3
alkyl, Ci. 2 alkoxy, halogen, cyano or d _2 fluoroalkyl or (ii) R4a and R4b
together with the carbon to which they are attached are 3-oxetanyl R4c is
hydrogen, Cy alkyl, or (c) either (i) R5 and R4a or (U) R3 and R4a together
are CH2- O or (CH 2)2 and with atoms to which they are attached for a
2,3-dihydro-benzofuran or an indane and R4b and R4c are C1.3 alkyl or (d)
R4a, R4b, R4c together with the carbon to which they are attached are
cyclopropyl, trifluoromethyl or 2,2,2-trifluoroethyl. R5 is hydrogen,
fluorine or R5 and R4a together are CH2-O and together with atoms to which
they are attached form a 2,3-dihydrobenzofuran or an indane. R6 is (a)
halogen, (b) Ci_6 alkyl wherein one or two non-adjacent carbon atoms
optionally can be replaced by oxygen, (c) Ci-3 haloalkyl, (d) Ci-3 alkoxy,
(e) carboxyl, (f) Ci_6 hydroxyalkyl wherein one or two nonadjacent carbon
atoms optionally can be replaced by oxygen, or (f) cyano-Cy alkyl. R9 is
hydrogen, CH2OH, CHMeOH, CH2OR9 or CHMeOR 9 wherein R9a is (a) CO(CH
2)SCO2H wherein s is one to four,(b) C(O)CHR 9bNHR 9c wherein R9b is
hydrogen, methyl, o-propyl, iso-butyl, sec-butyl, phenyl or 4-
hydroxy-phenyl and R9c is hydrogen or Ci_6 alkoxycarbonyl or R9b and R9c
together are (CH 2)3; (c) P(O)(OH) 2. m is zero to three and n is
independently in each occurrence zero to two. This embodiment further
includes pharmaceutically acceptable salts of the compounds therein. In yet
another embodiment of the present invention there is provided a compound
according to formula I wherein R1 is hydrogen, hydroxy, Ci_6 alkoxy, cyano,
NRaRb, carboxy, C1.3 alkoxycarbonyl, carboxamido, Ci_6 hydroxyalkoxy; R2 is
selected from the group consisting of: (a) -[C(R 8)2]P-Ar 1 (b) - [C(R
8)2]p-OAr\ (c) -(CH 2)mC(=O)X, (d) -NR 7C(=O)Ar 4, (e) -Ci -6 alkyl, (f)
C1-6 alkoxy, (g) Ci-6 hydroxyalkyl, (h) hydroxy, (i) halogen, (j) hydrogen,
(k) phenoxy, (1) -O(CH 2)mAr 1, (m) -[C(R 8)2]PNReRf, (n) (E)- or (Z) -
R10C=CR 10Ar 1, (0) -CCAr 1 wherein R8 is hydrogen, Ci_3 hydroxyalkyl, Ci_3
alkyl, -(CH 2)rNRgRh or cyano, R10 is independently in each occurrence
hydrogen, Ci- alkyl, Ci- hydroxyalkyl, cyano, C1.3 alkoxycarbonyl, or
carboxamido, p is zero or one, r is 1; Ar 1 is phenyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl optionally independently substituted
with one or two substitutents selected from the group consisting of (a) Ci-
alkoxy, (b) Ci- alkyl, (c) Ci. 10 hydroxyalkyl wherein one or two carbon
atoms optionally can b e replaced by oxygen provided the replacement does
not form a oxygen-oxygen bond, (d) C1.3 alkoxy-Ci-6 alkyl, (e) halogen, (f)
cyano, (g) Ci_6 alkoxycarbonyl, (h) Ci-6 alkylsulfonyl, (i) X1CCH2) 6CO2H,
(j) Ci-3 acylamino-Ci -6 alkyl, (k) (CH 2)nNRaRb, (1) (CH 2)nCONR aRb, (m)
Ci_6 haloalkyl or (n) carboxyl; Ra andR b are () independently in each
occurrence (a) hydrogen, (b) Ci-6 alkyl, (c) Ci-6 acyl, (d) Ci-6
alkylsulfonyl, (e) Ci-6 haloalkylsulfonyl, (f) C3.7 cycloalkylsulfonyl, (g)
C3.7 cycloalkyl-Ci_ 3 alkyl-sulfonyl, (h) Ci-6 alkoxy-Ci -6 alkylsulfonyl,
(i) (CH 2) I-3NR 8R , (j) SO2(CH 2)L6NR8R11 wherein Rg and Rh are as
defined above, (k) Ci_3 alkylsulfamoyl, (1) C1.3 alkylcarbamoyl, or (U) Ra
andR b taken together with the nitrogen to which they are attached are (a)
an optionally substituted cyclic amine or (b) 2-oxo-oxazolidine; Re and Rf
when (i) taken independently are selected from (a) hydrogen, (b) C4.7
cycloalkyl, (c) C3.7 cycloalkylcarbonyl wherein said cycloalkyl moiety is
optionally substituted with C1.3 alkylsulfonylamido; or (ii) when taken
together along with the nitrogen to which they are attached are a cyclic
amine substituted with C1.3 alkylsulfonylamido; X is OH, NRcRd or Ar 3; Ar
3 is phenyl optionally substituted with one or two substitutents selected
from the group consisting of: (a) halogen, (b) hydroxy, (c) amino, (d)
amino-Ci -3 alkyl, (e) carboxamido, (f) Ci-6 alkylsulfonylamido, (g) Ci_6
alkylsulfonylamido-Ci_3 alkyl; Rc andR d are (i) independently in each
occurrence: (a) hydrogen, (b) Ar 2, (c) Ar 2-Ci_6 alkyl, (d) C3.6
cycloalkyl optionally substituted Ci-3 dialkylamino, Ci-6 alkylsulfonamido
or Ci-3 hydroxyalkyl, (e) Ci-3 alkoxy-Ci -3 alkyl, (f) pyridinyl Ci-6 alkyl
(g) heterocyclyl or heterocyclyl Ci-6 alkyl wherein the heterocyclyl group
is pyrrolidine or piperidine said heterocyclyl group is optionally
substituted with Ci-3 alkyl or oxo, (h) Ci-3 alkyl- imidazol-4-yl or (i)
(CH 2)2.4NR8Rh; or (U) Rc andR d together with the nitrogen to which they
are 



attached are piperidinyl optionally substituted with hydroxy-Ci -3 alkyl;
Ar 2 is phenyl optionally substituted with one or two substituents
independently selected from the group consisting of (a) Ci-3 alkyl(b) Ci-3
dialkylamino, (c) OCH 2CO NRgRh 1, (d) Ci. 3 alkylsulfonylamido, (e) Ci-3
alkylsulfonamido-Ci -3 alkyl, (f) Ci-3 hydroxyalkyl, and (g) hydroxyl; Ar 4
is phenyl, pyridinyl, or pyridazinyl each optionally substituted with one
or two substituents independently selected in each occurrence from the
group consisting of (a) amino, (b) C1.3 haloalkylamino, (c) Ci_6
alkylsulfonylamido, (d) halogen, (e) Ci-3 alkyl, (f) Ci-3 alkoxy, (g) Ci_6
acylamino, (h) hydroxy, (i) -O(CH 2)nNR1RJ wherein R' and R are
independently hydrogen or Ci-3 alkyl, (j) -NR'(CH 2)nORj wherein R1and Rj
are independently hydrogen or Ci-3 alkyl, (k) Ci.3-haloalkyl, (1) Ci-3
alkoxy-Ci.6 alkoxy, (m) C3.6 cycloalkylamine; R3 is hydrogen, Ci_6 alkoxy,
Ci_6 haloalkoxy, Ci-3 alkoxy-Ci_ 6 alkoxy, or halogen; R4a, R4b and R4c (a)
when taken independently are each selected independently from (i) Ci-3
alkyl, (H) Ci_2 alkoxy, (Hi) Ci_2 fluoroalkyl, (iv) Ci-3 hydroxyalkyl, or
(v) hydroxyl, or (b) when taken together, (i) R4a and R4b together are C2.4
methylene and R4c is hydrogen, C1.3 alkyl, Ci_2 alkoxy, C1.3 hydroxyalkyl,
halogen, cyano or Ci_2 fluoroalkyl or (H) R4a and R4b together with the
carbon to which they are attached are 3-oxetanyl R4c is hydrogen, C1.3
alkyl, or (c) either (i) R5 and R4a or (H) R3 and R4a together are CH2-O or
(CH 2)2 and with atoms to which they are attached form a
2,3-dihydro-benzofuran or an indane and R4b and R4c are Ci-3 alkyl or (d)
R4a, R4b, R4c together with the carbon to which they are attached are
cyclopropyl; R5 is hydrogen, halogen, Ci_6 alkyl, hydroxy or R5 and R4a
together are CH2-O and together with atoms to which they are attached form
a 2,3-dihydrobenzofuran or an indane; R6 is (a) halogen, (b) Ci-6 alkyl
wherein one or two non-adjacent carbon atoms optionally can be replaced by
oxygen, (c) Ci-3 haloalkyl, (d) Ci-3 alkoxy, (e) X C2-6 hydroxyalkyl
wherein one or two non-adjacent carbon atoms optionally can b e replaced by
oxygen, (f) cyano-Ci -3 alkyl, (g) X CH2) I- 6CO2H or (h) X1-(CH
2)2.6NRgRh; R9 is hydrogen, or CH2OR9 , wherein R9a is (a) CO(CH 2)SCO2H
wherein s is two, (b) C(O)CHR 9bNHR 9c wherein R9b is hydrogen or
zso-propyl, and R9c is hydrogen or R9b and R9c together are (c) -P(O)(OH)
2; X1 is a bond; R8 and Rh are independently hydrogen or Ci-6 alkyl or R8
and Rh together with the nitrogen to which they are attached are an
optionally substituted cyclic amine; R7 is independently in each occurrence
hydrogen OfCi -3 alkyl; m is zero; n is independently in each occurrence
zero, one or two. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is phenyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl; p is 2; R3 is hydrogen or Ci-6 alkoxy;
and, R9 is hydrogen, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is -[C(R 8)2]P-Ar 1
Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; p is 2; R3 is
hydrogen or Ci-6 alkoxy; R8 and R9 are hydrogen, and all other
substitutents are as defined hereinbefore. In another embodiment of the
present invention there is provided a compound according to formula I
wherein R1 is hydrogen or hydroxy, R2 is -[C(R 8)2]P-Ar 1 Ar 1 phenyl,
pyridinyl, pyrimidinyl, pyrazinyl,pyridazinyl; p is 2; R3 is hydrogen or
methoxy; R6 is halogen, C\ balkyl or Ci_6 alkoxy; and, R5, R8 and R9 are
hydrogen, and all other substitutents are as defined hereinbefore. In
another embodiment of the present invention there is provided a compound
according to formula I wherein R1 is hydrogen or hydroxy, R2 is -[C(R
8)2]P-Ar 1 Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; p
is 2; R3 is hydrogen or methoxy; R4a, R4b and R4c are methyl; R5 is
hydrogen; R6 is hydrogen, halogen, Ci_6 alkyl or Ci_6 alkoxy and, R5, R8
and R9 are hydrogen, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R 1,is hydrogen or
hydroxy, R5, R8 and R9 are hydrogen, R2 is -[C(R 8)2]P-Ar 1, Ar 1 is phenyl
or pyridinyl substituted at least by (CH 2),, NRaRb, n is zero or one, Ra
is hydrogen and Rb is C b alkylsulfonyl, Ci_6 haloalkylsulfonyl, C3.7
cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3 alkyl-sulfonyl or Ci_6
alkoxy-Ci_6 alkylsulfonyl; p is 2, R3 is hydrogen or methoxy, either R4a,
R4b and R4c are methyl, R6 is halogen, Ci_6 alkyl or Ci_6 alkoxy, and all
other substitutents are as defined hereinbefore. To avoid any 



ambiguity and the phrase "substituted at least by (CH 2)n NRaRb" as used in
reference to the compounds herein means that the aryl or heteroaryl ring is
substituted by an amine (n = 0) or an aminoalkyl group (n > 0). Other
unsubstitued positions on the aryl or heteroaryl ring are optionally
substituted with other groups with the scope of the claims. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R1 s hydrogen or hydroxy, R5, R8 and R9 are hydrogen,
R2 is -[C(R 8 2 p-Ar 1, Ar 1 is optionally substituted
4-methanesulfonylamino-phenyl, 5-methansulfonylamino-pyridin-2-yl or 2-
methansulfonylamino-pyridin-5-yl;. p is 2, R3 is hydrogen or methoxy,
either R4a, R4b and R4c are methyl, R6 is hydrogen, halogen, C\ alkyl or
C1-6 alkoxy, and all other substitutents are as defined hereinbefore. In
another embodiment of the present invention there is provided a compound
according to formula I wherein R1 is hydrogen or hydroxy, R2 is -[C(R
8)2]P-Ar 1 Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; p
is 2; R3 is hydrogen or methoxy; R6 is halogen, Ci_6 alkyl or Ci-6 alkoxy
and, R5, R8 and R9 are hydrogen; (a) R4a and R4b are C1.3 alkyl and R4c is
selected from (i) Ci_2 alkoxy, (H) Ci_2 fluoroalkyl, (Hi) C1.3 hydroxyalkyl
or (iv) hydroxy or (b) R4a and R4b taken together are C2_4 methylene and
R4c is C1.3 alkyl, Ci_2 alkoxy, halogen, cyano or C1.2 fluoroalkyl or (c)
R4a and R4b together with the carbon to which they are attached are
3-oxetanyl and R4c is hydrogen or C1.3 alkyl, or (c) either (i) R5 and R4a
or (H) R3 and R4a together are CH2-O or (CH 2)2 and with atoms to which
they are attached for a 2,3-dihydrobenzofuran or an indane and R4b and R4c
are C1.3 alkyl and, R8 and R9 is hydrogen, and all other substitutents are
as defined hereinbefore.In another embodiment of the present invention
there is provided a compound according to formula I wherein R1 is hydrogen
or hydroxy, R2 is -[C(R 8)2]P-Ar 1 Ar 1 is phenyl or pyridinyl substituted
at least with (CH 2),, NRaRb wherein n is zero or one, Ra is hydrogen and
Rb is alkylsulfonyl, Ci_6 haloalkylsulfonyl, C3_7 cycloalkylsulfonyl, C3_7
cycloalkyl-Ci. 3 alkyl-sulfonyl or Ci_6 alkoxy-Ci_ 6 alkylsulfonyl; p is 2;
R3 is hydrogen or methoxy; R6 is halogen, Ci_6 alkyl or Ci_6 alkoxy and,
R5, R8 and R9 are hydrogen; (a) R4a and R4b are Ci_3 alkyl and R4c is
selected from (i) Ci_2 alkoxy, (H) Ci_2 fluoroalkyl, (Hi) Ci_3 hydroxyalkyl
or (iv) hydroxy or (b) R4a and R4b taken together are C2_4 methylene and
R4c is C alkyl, Ci_2 alkoxy, halogen, cyano or Ci- fluoroalkyl or (c) R4a
and R4b together with the carbon to which they are attached are 3-oxetanyl
and R4c is hydrogen or Ci_3 alkyl, or (c) either (i) R5 and R4a or (U) R3
and R4a together are CH2-O or (CH 2)2 and with atoms to which they are
attached for a 2,3- dihydro-benzofuran or an indane and R4b and R4c are
Ci_3 alkyl and, R8 and R9 is hydrogen, and all other substitutents are as
defined hereinbefore. In another embodiment of the present invention there
is provided a compound according to formula I wherein R1 is hydrogen or
hydroxy, R2 is -[C(R 8)2]P-Ar 1 Ar 1 is optionally substituted 4-
methanesulfonylamino-phenyl, 5-methansulfonylamino-pyridin-2-yl or
2-methansulfonylamino-pyridin- 5-yl; p is 2; R3 is hydrogen or methoxy; R6
is halogen, Ci_6 alkyl or Ci_6 alkoxy and, R5, R8 and R9 are hydrogen; (a)
R4a and R4b are Ci_3 alkyl and R4c is selected from (i) Ci_2 alkoxy, (H)
Ci_2 fluoroalkyl, (Hi) C1.3 hydroxyalkyl or (iv) hydroxy or (b) R4a and R4b
taken together are C2_4 methylene and R4c is Ci_3 alkyl, Ci-2 alkoxy,
halogen, cyano or Ci-2 fluoroalkyl or (c) R4a and R4b together with the
carbon to which they are attached are 3-oxetanyl and R4c is hydrogen or
Ci_3 alkyl, or (c) either (i) R5 and R4a or (H) R3 and R4a together are
CH2-O or (CH 2)2 and with atoms to which they are attached for a
2,3-dihydrobenzofuran or an indane and R4b and R4c are Ci_3 alkyl and, R8
and R9 is hydrogen, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is -[C(R 8)2]P-Ar 1
Ar 1 is naphthyl or quinolinyl substituted at least with (CH 2)n NRaRb
wherein n is zero or one, Ra is hydrogen and Rb is Ci_6 alkylsulfonyl, Ci_6
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl or Ci_6 alkoxy-Ci. 6 alkylsulfonyl; p is 0; R3 is 



hydrogen or Ci_6 alkoxy, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is (E) R10C=CR 10Ar
1; Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; p is 2; R3
is hydrogen or Ci_6 alkoxy; and, R9 is hydrogen, and all other
substitutents are as defined hereinbefore. In another embodiment of the
present invention there is provided a compound according to formula I
wherein R2 is (E) R10C=CR 10Ar 1; Ar 1 phenyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl; R10 ishydrogen; R3 is hydrogen or Ci_6 alkoxy; and,
R9 is hydrogen, and all other substitutents are as defined hereinbefore. In
another embodiment of the present invention there is provided a compound
according to formula I wherein R2 is (E) R10C=CR 10Ar 1 Ar 1 phenyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is hydrogen; R3 is
hydrogen or methoxy; R6 is halogen, C\ balkyl or Ci_6 alkoxy; and, R1, R5,
R8 and R9 are hydrogen, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is (E) R10C=CR 10Ar 1
Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is
hydrogen; R3 is hydrogen or methoxy; R4a, R4b and R4c are methyl; R6 is
halogen, Ci_6 alkyl or C 6 alkoxy; and, R1, R5, R8 and R9 are hydrogen, and
all other substitutents are as defined hereinbefore. In another embodiment
of the present invention there is provided a compound according to formula
I wherein R2 is (E) R10C=CR 10Ar 1; Ar 1 is phenyl or pyridinyl substituted
at least by (CH 2)n NRaRb, n is zero or one, Ra is hydrogen and Rb is Ci_6
alkylsulfonyl, Ct_6 haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7
cycloalkyl-Ci-3 alkyl-sulfonyl or C1.6 alkoxy-Ci-6 alkylsulfonyl; R3 is
hydrogen or methoxy, either R4a, R4b and R4c are methyl, R6 is halogen,
Ci-6 alkyl or Ci-6 alkoxy; R 1, R5, R8 and R9 are hydrogen, and all other
substitutents are as defined hereinbefore. In another embodiment of the
present invention there is provided a compound according to formula I
wherein R2 is (E) R10C=CR 10Ar 1; Ar 1 is optionally substituted
4-methanesulfonylamino-phenyl, 5- methansulfonylamino-pyridin-2-yl or
2-methansulfonylamino-pyridin-5-yl; R3 is hydrogen or methoxy, either R4a,
R4b and R4 are methyl, R6 is hydrogen, halogen, Ci-6 alkyl or Ci-6 alkoxy.R
1, R5, R8 and R9 are hydrogen, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is (E) R10C=CR 10Ar 1
Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is
hydrogen; R3 is hydrogen or methoxy; (a) R4a and R4b are C1.3 alkyl and R4c
is selected from (i) Ci_2 alkoxy, (U) C1.2 fluoroalkyl, (Ui) C1.3
hydroxyalkyl or (iv) hydroxy or (b) R4a and R4b taken together are C2-4
methylene and R4c is C1.3 alkyl, Ci_2 alkoxy, halogen, cyano or Ci_2
fluoroalkyl or (c) R4a and R4b together with the carbon to which they are
attached are 3-oxetanyl and R4c is hydrogen or C1.3 alkyl, or (c) either (0
R5 and R4a or (U) R3 and R4a together are CH2-O or (CH 2)2 and with atoms
to which they are attached for a 2,3-dihydro-benzofuran or an indane and
R4b and R4c are C1.3 alkyl; R6 is halogen, Ci-6 alkyl or Ci-6 alkoxy; and,
R1, R5, R8 and R9 are hydrogen, and all other substitutents are as defined
hereinbefore.In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is (E) R10C=CR 10Ar 1
Ar 1 phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is
hydrogen; R3 is hydrogen or methoxy; R4a and R4b taken together are C2-4
methylene and R4c is C1.3 alkyl, C1.2 alkoxy, halogen, cyano or Ci_2
fluoroalkyl; R6 is halogen, Ci-6 alkyl or and, R1, R5, R8 and R9 are
hydrogen, and all other substitutents are as defined hereinbefore. In yet
another embodiment of the present invention there is provided a compound
according to formula I wherein R2 is (E) R10C=CR 10Ar 1 Ar 1 phenyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is hydrogen; R3 is
hydrogen or methoxy; R4a and R4b together with the carbon to which they are
attached are 3-oxetanyl and R4c is hydrogen or C1.3 alkyl; R6 is halogen,
Ci_6 alkyl or Ci-6 alkoxy; and, R1, R5, R8 and R are hydrogen, and all
other substitutents are as defined hereinbefore. 



In still another embodiment of the present invention there is provided a
compound according to formula I wherein R2 is (E) R10C=CR 10Ar 1 Ar 1
phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R10 is hydrogen; R3
is hydrogen or methoxy; either (i) R5 and R4a or (H) R3 and R4a together
are CH2-O or (CH 2)2 and with atoms to which they are attached for a
2,3-dihydro-benzofuran or an indane and R4b and R4c are Ci-3 alkyl; R6 is
halogen, Ci-6 alkyl or Ci 6 alkoxy; and, R 1, R5, R8 and R9 are hydrogen,
and all other substitutents are as defined hereinbefore. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R2 is (E) R10C=CR 10Ar 1; Ar 1 is phenyl or pyridinyl
substituted at least with (CH 2)n NRaRb wherein n is zero or one, Ra is
hydrogen and Rb is Ci-6 alkylsulfonyl, Ci-6 haloalkylsulfonyl, C3.7
cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3 alkyl-sulfonyl or Ci-6 alkoxy-Ci.
6 alkylsulfonyl; R10 is hydrogen; R3 is hydrogen or methoxy; (a) R4a and
R4b are Ci-3 alkyl and R4c is selected from (i) Ci-2 alkoxy, (U) Ci-2
fluoroalkyl, (Hi) C1.3 hydroxyalkyl or (iv) hydroxy or (b) R4a and R4b
taken together are C2_4 methylene and R4c is C1.3 alkyl, Ci-2 alkoxy,
halogen, cyano or Ci-2 fluoroalkyl or (c) R4a and R4b together with the
carbon to which they are attached are 3-oxetanyl and R4c is hydrogen or
C1.3 alkyl, or (c) either (i) R5 and R4a or (U) R3 and R4a together are
CH2-O or (CH 2)2 and with atoms to which they are attached for a 2,3-
dihydro-benzofuran or an indane and R4b and R4c are Ci-3 alkyl; R6 is
halogen, Ci-6 alkyl or Ci-6 alkoxy; and, R1, R5, R8 and R9 are hydrogen,
and all other substitutents are as defined hereinbefore. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R2 is (E) R10C=CR 10Ar 1; Ar 1 is optionally
substituted 4-methanesulfonylamino-phenyl, 5-
methansulfonylamino-pyridin-2-yl or 2-methansulfonylamino-pyridin-5-yl; R10
is hydrogen; R3 is hydrogen or methoxy; (a) R4a and R4b are Ci-3 alkyl and
R4c is selected from (i) Ci-2 alkoxy, (H) Ci-2 fluoroalkyl, (Hi) C1.3
hydroxyalkyl or (iv) hydroxy or (b) R4a and R4b taken together are C2.4
methyleneand R 4c is C13 alkyl, C1 2 alkoxy, halogen, cyano or C1 2
fluoroalkyl or (c) R4a and R4b together with the carbon to which they are
attached are 3-oxetanyl and R4c is hydrogen or C1 3 alkyl, or (c) either
(i) R5 and R4a or (H) R3 and R4a together are CH2-O or (CH2)2 and with
atoms to which they are attached for a 2,3- dihydro-benzofuran or an indane
and R4b and R4c are Ci_3 alkyl; R6 is halogen, Ci_6 alkyl or Ci_6 alkoxy;
and, R1, R5, R8 and R9 are hydrogen, and all other substitutents are as
defined hereinbefore. In a another embodiment of the present invention
there is provided a compound according to formula I wherein R2 is (E)
R10C=CR10Ar 1; Ar 1 is optionally substituted
4-methanesulfonylamino-phenyl, 5- methansulfonylamino-pyridin-2-yl or
2-methansulfonylamino-pyridin-5-yl; R10 is hydrogen; R3 is hydrogen or
methoxy; either (i) R5 and R4a or (H) R3 and R4a together are CH2-O or
(CH2)2 and with atoms to which they are attached for a
2,3-dihydro-benzofuran or an indane and R4b and R4c are Ci_3 alkyl; R6 is
halogen, Ci_6 alkyl or Ci_6 alkoxy; and, R1, R5, R8 and R9 are hydrogen,
and all other substitutents are as defined hereinbefore. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R2 is (E) R10C=CR10Ar 1; Ar 1 phenyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl; p is 2; R3 is hydrogen or Ci-6 alkoxy;
and, R9 is CH2OH, CH2OR9" wherein R9a is (CH2)SCO2H wherein s is one to
four, C(O)CHR 9bNHR9c wherein R9b is hydrogen, methyl, zso-propyl,
iso-butyl, sec-butyl, phenyl or 4- hydroxy-phenyl and R9c is hydrogen or
Ci-6 alkoxycarbonyl, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is -NR 7C(=O)Ar 4 ,
and all other substitutents are as defined hereinbefore. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R2 is -NR 7C(=O)Ar 4, R1 and R5 are hydrogen and R3 is
Ci-6 alkoxy, and all other substitutents are as defined hereinbefore. In
another embodiment of the present invention there is provided a compound
according to formula I wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is phenyl
substituted with one to three groups independently selected 



from C1 3 alkyl, halogen, (CH2)n N R aR b and (CH2)nCO2NRaRb, n is zero,
one or two, Ra is hydrogen or C13 alkyl and Rb is hydrogen , C13 alkyl, C1
3 acyl, Ci-6 alkylsulfonyl, Ci-6 haloalkylsulfonyl, C3.7
cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_3 alkyl-sulfonyl or Ci-6 alkoxy-Ci_6
alkylsulfonyl; R1 and R5 are hydrogen and R3 is Ci-6 alkoxy, and all other
substitutents are as defined hereinbefore. In another embodiment of the
present invention there is provided a compound according to formula I
wherein R2 is -NR 7C(=O)Ar 4, Ar4 is phenyl substituted with one to three
groups independently selected from C1.3 alkyl, halogen, (CH2)n N R aR b and
(CH2)nCO2NRaRb, n is zero, one or two, Ra is hydrogen orC1.3 alkyl and Rb
is hydrogen , C1.3 alkyl, C1.3 acyl, Ci_6 alkylsulfonyl, C
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and R5 are hydrogen;
R3 is Ci-6 alkoxy and R4a, R4b and R4c are methyl, and all other
substitutents are as defined hereinbefore. In another embodiment of the
present invention there is provided a compound according to formula I
wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is phenyl substituted with one to three
groups independently selected from C1.3 alkyl, halogen, (CH 2)n NRaRb and
(CH 2)nCO2NRaRb, n is zero, one or two, R" is hydrogen or C1.3 alkyl and Rb
is hydrogen , C1.3 alkyl, C1.3 acyl, Ci-6 alkylsulfonyl, Ci-6
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and R5 are hydrogen;
R3 is Ci-6 alkoxy and (a) R4a and R4b are C1.3 alkyl and R4c is selected
from (z) Ci-2 alkoxy, (H) Ci-2 fluoroalkyl, (Ui) C1.3 hydroxyalkyl or (iv)
hydroxy or (b) R4a and R4b taken together are C2_4 methylene and R4c is
C1.3 alkyl, C1.2 alkoxy, halogen, cyano or C1.2 fluoroalkyl or (c) R4a and
R4b together with the carbon to which they are attached are 3-oxetanyl and
R4c is hydrogen or C1.3 alkyl, or (c) either (i) R5 and R4a or (U) R3 and
R4a together are CH2-O or (CH 2)2 and with atoms to which they are attached
for a 2,3-dihydro-benzofuran or an indane and R4b and R4c are Ci_3 alkyl,
and all other substitutents are as defined hereinbefore. In another
embodiment of the present invention there is provided a compound according
to formula I wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is phenyl substituted with
one to three groups independently selected from C1.3 alkyl, halogen, (CH
2)n NRaRb and (CH 2)nCO2NRaRb, n is zero, one or two, Ra is hydrogen or
C1.3 alkyl and Rb is hydrogen , C1.3 alkyl, C1.3 acyl, Ci-6 alkylsulfonyl,
Ci-6 haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and R5 are hydrogen;
R3 is Ci-6 alkoxy; R4a and R4b taken together are C2_4 methylene and R4c is
Ci-3 alkyl, Ci-2 alkoxy, halogen, cyano or C1 2 fluoroalkyl, and all other
substitutents are as defined hereinbefore. In yet another embodiment of the
present invention there is provided a compound according to formula I
wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is phenyl substituted with one to three
groups independently selected from C1.3 alkyl, halogen, (CH 2)n NRaRb and
(CH 2)nCO2NRaRb, n is zero, one or two, Ra is hydrogen or C1.3 alkyl and Rb
is hydrogen , C1.3 alkyl, C1.3 acyl, Ci-6 alkylsulfonyl, Ci-
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci. 3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and R5 are hydrogen;
R3 is Ci-6 alkoxy R4a and R4b together with the carbon to which they are
attached are 3- oxetanyl and R4c is hydrogen or Ci-3 alkyl, and all other
substitutents are as defined hereinbefore. In still another embodiment of
the present invention there is provided a compound according to formula I
wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is phenyl substituted with one to three
groups independently selected from C1.3 alkyl, halogen, (CH 2)n NRaRb and
(CH 2)nCO2NRaRb, n is zero, one or two, Ra is hydrogen orC1.3 alkyl and Rb
is hydrogen , C1.3 alkyl, C1.3 acyl, Ci_6 alkylsulfonyl, C
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci_ 3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and R5 are hydrogen;
R3 is Ci-6 alkoxy and either (i) R5 and R4a or (H) R3 and R4a together are
CH2-O or (CH 2)2 and with atoms to which they are attached for a
2,3-dihydro-benzofuran or an indane and R4b and R4c are Ci_3 alkyl, and all
other substitutents are as defined hereinbefore. In another embodiment of
the present invention there is provided a compound according to formula I
wherein R2 is -NR 7C(=O)Ar 4, Ar 4 is pyridinyl substituted with one to
three groups independently selected from C1.3 alkyl, halogen, (CH 2)n NRaRb
and (CH 2)nCO2NRaRb, n is zero, one or two, Ra is 



hydrogen or C1.3 alkyl and Rb is hydrogen, C1.3 alkyl, C1.3 acyl, Ci-6
alkylsulfonyl, Ci-6 haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7
cycloalkyl-Ci.3 alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl; R1 and
R5 are hydrogen and R3 is Ci-6 alkoxy, and all other substitutents are as
defined hereinbefore. In another embodiment of the present invention there
is provided a compound according to formula I wherein R1 and R5 are
hydrogen, R3 is Ci-6 alkoxy, R2 is -(CH 2)mC(=O)X, m is zero, X is NRcRd,
Rc is hydrogen and Rd is Ar 2 said Ar 2 being phenyl optionally substituted
with on to three groups independently selected from hydroxy, Ci-6 alkyl,
Ci-6 hydroxyalkyl, halogen, (CH 2)nNRaRb and wherein n is one or two, Ra is
hydrogen or C1.3 alkyl and Rb is hydrogen, C1.3 alkyl, C1.3 acyl, C1.3
alkylsulfonyl, Ci-6 haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7
cycloalkyl-Ci. 3 alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl, and all
other substitutents are as defined hereinbefore. In another embodiment of
the present invention there is provided a compound according to formula I
wherein R2 is -(CH 2)mC(=O)X, m is zero, X is NRcRd, Rc is hydrogen and Rd
is Ar 2 said Ar 2 being phenyl optionally substituted with on to three
groups independently selected from hydroxy, Ci-6 alkyl, Ci- 6 hydroxyalkyl,
halogen, (CH 2)nNR aRb and wherein n is one or two, Ra is hydrogen or C1.3
alkyl, Rb is hydrogen, C1.3 alkyl, C1.3 acyl, C1.3 alkylsulfonyl, Ci-6
haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7 cycloalkyl-Ci.3
alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl, and R4a, R4b and R4c are
methyl, and all other substitutents are as defined hereinbefore. In a
another embodiment of the present invention there is provided a compound
according to formula I wherein R2 is -(CH 2)mC(=O)X, m is zero, X is NRcRd,
Rc is hydrogen and Rd is Ar 2 said Ar 2 being phenyl optionally substituted
with on to three groups independently selected from hydroxy, Ci-6 alkyl,
Ci- 6 hydroxyalkyl, halogen, (CH 2)nNRaRb and wherein n is one or two, Ra
is hydrogen or C1.3 alkyl, Rb is hydrogen, C1.3 alkyl, C1.3 acyl, C1.3
alkylsulfonyl, Ci-6 haloalkylsulfonyl, C3.7 cycloalkylsulfonyl, C3.7
cycloalkyl-Ci.3 alkyl-sulfonyl or Ci-6 alkoxy-Ci -6 alkylsulfonyl, and ()
R4a and R4b are Ci-3 alkyl and R4c is selected from (i) Ci-2 alkoxy, (H)
Ci-2 fluoroalkyl, (Hi) C1.3 hydroxyalkyl or (iv) hydroxy or (b) R4a and R4b
taken together are C2.4 methylene and R4c is C1-3 alkyl, C1.2 alkoxy,
halogen, cyano or Ci-2 fluoroalkylor (c) R4a and R4b together with the
carbon to which they are attached are 3-oxetanyl and R4c is hydrogen or C13
alkyl, or (c) either (z) R5 and R4a or (U) R3 and R4a together are CH2-O or
(CH2)2 and with atoms to which they are attached for a
2,3-dihydro-benzofuran or an indane and R4b and R4c are C1 3 alkyl, and all
other substitutents are as defined hereinbefore. In another embodiment of
the present invention there is provided a compound according to formula I
wherein R2 is -[C(R8)2]p-NReRf, and all other substitutents are as defined
hereinbefore. In another embodiment of the present invention there is
provided a compound according to formula I wherein R2 is -[C(R8)2]p-NReRf,
R8 is hydrogen and p is one or two, and all other substitutents are as
defined hereinbefore. In another embodiment of the present invention there
is provided a compound according to formula I wherein R2 is
-[C(R8)2]p-NReRf, R8 is hydrogen, p is one or two and Re and Rf together
with the nitrogen to which they are attached are a pyrrolidine, a
piperidine or an azepinyl ring optionally independently substituted with
one to three groups selected from C1 3 alkylsulfonylamido, C1 3 alkyl, C13
alkoxy or halogen, and all other substitutents are as defined hereinbefore.
In another embodiment of the present invention there is provided a compound
according to formula I wherein R4a, R4b, R4c together with the carbon to
which they are attached are trifluoromethyl or 2,2,2- trifluoroethyl and
R1, R2, R3, R5, R6, R7, R8, R9, m, n and p are as described hereinabove.
Said compounds can be prepared from 2,6-dibromo-4-trifluoromethyl-aniline
(CASRN 72678-19-4) or 4- (2,2,2-trifluoroethyl)-aniline (CASRN 131395-17-0)
utilizing the methodology described herein. In another embodiment of the
present invention there is provided a compound according to formula I
selected from 1-1 to 1-293 or H-I to II-9 in TABLE I . In another
embodiment of the present invention there is provided a compound according
to formula I 



selected from 1-126, 1-137 to 1-175, 1-180 to 1-184, 1-186 to 1-188, 1-200
to 1-211, 1-213, 1-219 to 1-246, 1-248 to 1-250, 1-261 to 1-275, 1-288 to
1-292, H-I to II-3 and II-5 II-8 in TABLE I . In another embodiment of the
present invention there is provided the use of a compound according to
formula I wherein R1, R2, R3, R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p
are as defined hereinabove or as antiviral agent for the treatment of a
disease caused by the Hepatitis C Virus (HCV) virus. In another embodiment
of the present invention there is provided the use of a compound according
to formula I wherein R1, R2, R3, R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n
and p are asdefned hereinabove in combination with at least one immune
system modulator and/or at least one antiviral agent that inhibits
replication of HCV as antiviral agent for the treatment of a disease caused
by the Hepatitis C Virus (HCV) virus. In another embodiment of the present
invention there is provided the use of a compound according to formula I
wherein R1, R2, R3, R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p are as
defined hereinabove in combination with at least one immune system
modulator selected from the group consisting of an interferon, inter
leukin, tumor necrosis factor or colony stimulating factor as antiviral
agent ifor the treatment of a disease caused by the Hepatitis C Virus (HCV)
virus. In another embodiment of the present invention there is provided the
use of a compound according to formula I wherein R1, R2, R3, R4a, R4b, R4c,
R5, R6, R7, R8, R9, m, n and p are as defined hereinabove in combination
with at least one immune system modulator selected from the group
consisting of an interferon, or a chemically derivatized interferon as
antiviral agents for the treatment of a disease caused by the Hepatitis C
Virus (HCV) virus. In another embodiment of the present invention there is
provided the use of a compound according to formula I wherein R1, R2, R3,
R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p are as defined hereinabove in
combination with at least one antiviral agent selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a
HCV helicase inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor
as antiviral agent for the treatment of a disease caused by the Hepatitis C
Virus (HCV) virus. In another embodiment of the present invention there is
provided the use of a compound according to formula I wherein R1, R2, R3,
R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p are as defined hereinabove
for inhibiting replication of HCV virus in a cell comprising treating the
cell. In another embodiment of the present invention there is provided a
method for treating a disease caused by the Hepatitis C Virus (HCV) virus
comprising administering to a patient in need thereof, a therapeutically
effective quantity of a compound according to formula I wherein R1, R2, R3,
R4a, R4b, R4c, R5, R6, R7, R8, R9, m, n and p are as defined hereinabove.
In another embodiment of the present invention there is provided a method
for treating a disease caused by the Hepatitis C Virus (HCV) virus
comprising co-administering to a patient in need thereof, a therapeutically
effective quantity of a compound according to formula I wherein R1, R2, R3,
R4a, R4b, R4c,R5, R6 R7, R8, m, n and p are as defined hereinabove along
with at least one immune system modulator and/or at least one antiviral
agent that inhibits replication of HCV. In another embodiment of the
present invention there is provided a method for treating a disease caused
by the Hepatitis C Virus (HCV) virus comprising co-administering to a
patient in need thereof, a therapeutically effective quantity of a compound
according to formula I wherein R1, R2, R3, R4a, R4b, R4c, R5, R6 R7, R8, m,
n and p are as defined hereinabove along with at least one immune system
modulator selected from the group consisting of an interferon, interleukin,
tumor necrosis factor or colony stimulating factor. In another embodiment
of the present invention there is provided a method for treating a disease
caused by the Hepatitis C Virus (HCV) virus comprising co-administering to
a patient in need thereof, a 



therapeutically effective quantity of a compound according to formula I
wherein R1, R2, R3, R4a, R4b, R4c, R5, R6 R7, R8, m, n and p are as defined
hereinabove along with at least one immune system modulator selected from
the group consisting of an interferon, or a chemically derivatized
interferon. In another embodiment of the present invention there is
provided a method for treating a disease caused by the Hepatitis C Virus
(HCV) virus comprising co-administering to a patient in need thereof, a
therapeutically effective quantity of a compound according to formula I
wherein R1, R2, R3, R4a, R4b, R4c, R5, R6 R7, R8, m, n and p are as defined
hereinabove along with at least one antiviral agent selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a
HCV helicase inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor.
In another embodiment of the present invention there is provided a method
for inhibiting replication of HCV in a cell be delivering a compound
according to formula I wherein R1, R2, R3, R4a, R4b, R4c, R5, R6 R7, R8, m,
n and p are as defined hereinabove. In another embodiment of the present
invention there is provided a pharmaceutical composition according to
formula I R1, R2, R3, R4a, R4b, R4c, R5, R6 R7, R8, m, n and p are as
defined hereinabove admixed with at least one pharmaceutically acceptable
carrier, diluent or excipient. The term "alkyl" as used herein without
further limitation 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. "Cn 0 alkyl" as refers to an alkyl composed
of 1 to 10 carbons. Examples of alkyl groups include, but are not limited
to, methyl, ethyl, propyl, z-propyl, n-butyl, z-butyl, z-butyl, 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 specifically-named 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 be on the alkylene radical. Examples of
arylalkyl radicals include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl" or "aralkyl" are interpreted
similarly except R' is an aryl radical. The terms "(het)arylalkyl" or
"(het)aralkyl" are interpreted similarly except R' is optionally an aryl or
a heteroaryl radical. The term "pyridinyl Ci_6 alkyl" refers to a group
wherein R' is pyridinyl and R" is alkylene. 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 -CH2CH(Z-Pr)CH2-), unless
otherwise indicated. "C0 4 alkylene" refers to a linear or branched
saturated divalent hydrocarbon radical comprising 1-4 carbon atoms or, in
the case of Co, the alkylene radical is omitted. "(CH2)0_4" refers to a
linear saturated divalent hydrocarbon radical comprising 1-4 carbon atoms
or, in the case of C0, the alkylene radical is omitted. Except in the case
of methylene, 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-dimethylethylene, butylene, 2-ethylbutylene. The term "aryl" as used
herein denotes a phenyl or naphthyl radical 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 are not limited to, phenyl, 



naphthyl, indanyl, anthraquinolyl, tetrahydronaphthyl,
3,4-methylenedioxyphenyl, l,2,3,4-tetrahydroquinolin-7-yl,
l,2,3,4-tetrahydroisoquinoline-7-yl, and the like. The phrase "substituted
at least with (CH2)nNRaRb" in relation to any moiety indicates the moiety
is substituted with (CH2)nNRaRb but additional substitution also is
permitted if free sites are present on the moiety after substitution by
(CH2)nNRaRb. The term "C2_6 (alkenylene)" as used herein refers to a
straight or branched C2 6 alkylene radical as defined herein in which at
least one pair of adjacent carbons linked by a double bond. Thus, for
example, ethenylene thus refers to -CH=CH-, propenylene refers to
-CH2CH=CH- or -CMe=CH-.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 be on the alkylene radical. Examples of
cycloalkylalkyl radicals include, but are not limited to,
cyclopropylmethyl, cyclohexylmethyl, cyclopentylethyl. C3 7 cycloalkyl- C13
alkyl refers to the radical R'R" where R' is C3 7 cyclolalkyl and R" is C13
alkylene as defined herein. 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 with 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 "alkoxy" as used herein means an
-O-alkyl group, wherein alkyl is as defined above such as methoxy, ethoxy,
n-propyloxy, z-propyloxy, n-butyloxy, z-butyloxy, z-butyloxy, pentyloxy,
hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an
alkoxy group with a "lower alkyl" group as previously defined. "Ci-
10alkoxy" as used herein refers to an-O-alkyl wherein alkyl is Cuo. 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. For example, Ci alkoxycarbonyl refers to
-C(=O)Me. 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 terms
"hydroxyalkyl" and "alkoxyalkyl" as used herein denote an alkyl radical as
herein defined wherein one to three hydrogen atoms on different carbon
atoms is/are replaced by hydroxyl or alkoxy groups respectively. A C13
alkoxy-C^ alkyl moiety refers to a Cl-6 alkyl substituent in which 1 to 3
hydrogen atoms are replaced by a C13 alkoxy and the point of attachment of
the alkoxy is the oxygen atom. The term "Ci_6 fluoroalkyl" as used herein
denotes a unbranched or branched chain alkyl group as defined above wherein
1, 2, 3 or more hydrogen atoms are substituted with a fluorine.The term
"halogen" or "halo" as used herein means fluorine, chlorine, bromine, or
iodine. 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 Ci_6 acyl refers to a group -C(=O)R
contain 1 to 6 carbon atoms. The Ci acyl group is the formyl group wherein
R = H and a C6 acyl group refers to hexanoyl when the alkyl chain is
unbranched. 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 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(alkylene)-, RHN(alkylene)-, and R2N(alkylene)- respectively wherein R
is alkyl, and both alkylene and alkyl are as defined herein. "Cn 0
alkylamino" as used herein refers to an aminoalkyl wherein alkyl is Ci io.
Cn 0 alkyl-amino-C 2_6 alkyl" as used herein refers to a Ci io
alkylamino(alkylene) 2_6 wherein alkyl is CM Oand the alkylene is (CH2)2 6.
When the alkylene group contains three or more carbon atoms, the alkylene
can be linear, e.g. -(CH2) r or branched, e.g., - (CMe2CH2)-. The term
"phenylamino" as used herein refers to -NHPh wherein Ph represents an
optionally substituted phenyl group. The term "C1 3 acylamino-C 3alkyl" as
used herein refers a -(CH 2)i_3NHC(=O)R where R is hydrogen, methyl or
ethyl The terms "alkylsulfonyl" and "arylsulfonyl" as used herein denotes a
group of formula -S(=O)2R wherein R is alkyl or aryl respectively and alkyl
and aryl are as defined herein. The term C1 3 alkylsulfonylamido as used
herein refers to a group RSO2NH- wherein R is a C13 alkyl group as defined
herein. The term "sulfamoyl" as used herein refers to the radical
-S(O)2NH2. The terms "N-alkylsulfamoyl" and "N, N-dialkylsulfamoyl" as used
herein refers to the radical -S(O)2NR'R", wherein R' and R" are hydrogen
and lower alkyl and R' and R" are independently lower alkyl respectively.
Examples of Nalkylsulfamoyl substituents include, but are not limited to
methylaminosulfonyl, zso-propylaminosulfonyl. Examples of
N,N-dialkylsulfamoyl substituents include, but are not limited to
dimethylaminosulfonyl, iso-propyl-methylaminosulfonyl. The prefix N-alkyl
or N,N-dialkyl can be replaced with aryl, heteroaryl, heterocyclyl or other
radical to indicate a case where the amine is substituted with a group
other than alkyl. The term "sulfamide" refers to a group NH2SO2NH2.
Sulfamides can be substituted on either of the nonequivalent nitrogen atoms
and are distinguished asN or N' substituted sulfamides. A radical,
-NHSO2NH2, is referred to herein as a "sulfamoylamino" radical. If it is
necessary to distinguish specifically, -NHSO2N'R2 the nitrogen atom which
is not linked to the core structure is designated N'. Thus N'-methyl
sulfamoylamino refers to -NHSO NHMe, N-methyl sulfamoylamino refers to -
NMeSO2NH2 and N,N'-dimethyl sulfamoylamino refers to -NMeSO 2NHMe. In there
is no designation, either nitrogen can be substituted. The term
"alkylsulfonamido" refers to the radical -NH-S(O)2-alkyl. The term alkyl
can be replaced by other chemically relevant radicals such as aryl or
heteroaryl to indicate, e.g. phenylsulfonamido -NHS( O)2-Ph. Thus "Ci-6
alkylsulfonamido" represents -NH-S(O) 2-CL6 alkyl "N-alkylalkylsulfonamido"
refers to the radical -NR-S(O)2-alkyl where R is a lower alkyl group. The
term " Ci-6 alkylsulfonamido-Ci -3 alkyl-" refers to the radical -NRH-S(O)
2-CL6 alkyl wherein R represents (CH2)1.3. The term alkyl can be replaced
by other chemically relevant radicals such as aryl or heteroaryl to
indicate, e.g. phenylsulfonamido -NH-S(O)2-Ph. "N-alkylalkylsulfonamido"
refers to the radical -NR-S(O)2-alkyl where R is a lower alkyl group. The
term "aryl sulfmic acid" as used herein refers to a compound with the
formula Ar-S(O)OH. The term "carbamoyl" as used herein means the radical
-CONH2. The prefix "N-alkylcabamoyl" and "N,N-dialkylcarbamoyl" means a the
radical CONHR' or CONR'R" respectively wherein the R' and R" groups are
independently alkyl as defined herein. The prefix "N-arylcabamoyl" denotes
the radical CONHR' wherein R' is an aryl radical as defined herein. The
term "heterocyclyl" or "heterocycle" as used herein denotes a monovalent
saturated cyclic radical, consisting of one or more rings, preferably one
to two rings, of three to eight atoms per ring, incorporating one or more
ring heteroatoms (chosen fromN,O or S(O)0 2), and which can optionally be
independently substituted with one or more, preferably one or two
substituents selected from hydroxy, 0x0, cyano, lower alkyl, lower alkoxy,
lower haloalkoxy, alkylthio, halo, haloalkyl, hydroxyalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino,
arylsulfonylamino, alkylaminocarbonyl, arylaminocarbonyl,
alkylcarbonylamino, 



arylcarbonylamino, unless otherwise indicated. Examples of heterocyclic
radicals include, but are not limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
oxazolidinyl, thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl,
piperidinyl, tetrahydropyranyl, thiomorpholinyl, quinuclidinyl and
imidazolinyl. The terms "azetidine", "pyrrolidine", "piperidine" and
"azepine" refer to a 4-, 5-, 6- or 7-membered cycloalkane respectively
wherein one carbon atom is replaced by a nitrogen atom.The term "cyclic
amine" denotes a saturated carbon ring, containing from 3 to 6 carbon atoms
as defined above, and wherein at least one of the carbon atoms is replaced
by a heteroatom selected from the group consisting of N, O or S and wherein
the N-atom is linked to the phenyl ring, for example, piperidine,
piperazine, morpholine, thiomorpholine, di-oxo-thiomorpholine, pyrrolidine,
pyrazoline, imidazolidine, azetidine wherein the cyclic carbon atoms are
optionally substituted by one or more substituents, selected from the group
consisting of halogen, hydroxy, phenyl, lower alkyl, lower alkoxy, C1.3
alkylsulfonylamido, C1.3 alkyl, C1.3 alkoxy or 2-hydrogen atoms on a carbon
are both replace by oxo (=0) . When the cyclic amine is a piperazine, one
nitrogen atom can be optionally substituted by Ci_6 alkyl, Ci-6 acyl, Ci-6
alkylsulfonyl. The term "pyridinyl-Ci_6 alkyl" refers to a substitutent
with the following formula: Compounds of the present invention and their
isomeric forms and pharmaceutically acceptable salts thereof are also
useful in treating and preventing viral infections, in particular,
hepatitis C infection, and diseases in living hosts when used in
combination with each other and with other biologically active agents,
including but not limited to the group consisting of interferon, a
pegylated interferon, ribavirin, protease inhibitors, polymerase
inhibitors, small interfering RNA compounds, antisense compounds,
nucleotide analogs, nucleoside analogs, immunoglobulins, immunomodulators,
hepatoprotectants, anti inflammatory agents, antibiotics, antivirals and
antiinfective compounds. Such combination therapy may also comprise
providing a compound of the invention either concurrently or sequentially
with other medicinal agents or potentiators, such as ribavirin and related
compounds, amantadine and related compounds, various interferons such as,
for example, interferon-alpha, interferon-beta, interferon gamma and the
like, as well as alternate forms of interferons such as pegylated
interferons. Additionally combinations of ribavirin and interferon, may be
administered as an additional combination therapy with at least one of the
compounds of the present invention. In one embodiment, the compounds of the
present invention according to formula I are used in combination with other
active therapeutic ingredients or agents to treat patients with an HCV
viral infection. According to the present invention, the active therapeutic
ingredient used in combination with the compound of the present invention
can be any agent having a therapeutic effect when used in combination with
the compound of the present invention. For example, the active agent used
in combination with the compound of the present invention can be
interferons, ribavirin analogs, HCV NS3 protease inhibitors, nucleoside
inhibitors of HCV polymerase, non-nucleoside inhibitors of HCV polymerase,
and other drugs for treating HCV, or mixtures thereof.Examples of the
nucleoside NS5b polymerase inhibitors include, but are not limited to
NM-283, valopicitabine, R1626, PSI-6130 (R1656), IDX184 and IDX102 (Idenix)
BILB 1941. Examples of the non-nucleoside NS5b polymerase inhibitors
include, but are not limited to HCV-796 (ViroPharma and Wyeth), MK-0608,
MK-3281 (Merck), NM- 107, R7128 (R4048), VCH-759, GSK625433 and GSK625433
(Glaxo), PF-868554 (Pfizer), GS-9190 (Gilead), A-837093 and A848837 (Abbot
Laboratories), ANA598 (Anadys Pharmaceuticals); GLl 00597 (GNLB/NVS), VBY
708 (ViroBay), benzimidazole derivatives (H. Hashimoto et al. WO 01/47833,
H. Hashimoto et al. WO 03/000254, P. L. Beaulieu et al. WO 03/020240 A2; P.
L. Beaulieu et al. US 6,448,281 Bl; P. L. Beaulieu et al. WO 03/007945 Al),
benzo-l,2,4-thiadiazine derivatives (D. Dhanak et al. WO 01/85172 Al, filed
5/10/2001; D. Chai et al, WO2002098424, filed 6/7/2002, D. Dhanak et al. WO
03/037262 A2, filed 10/28/2002; K. J . Duffy et al. WO03/099801 Al, filed
5/23/2003, M. G. Darcy et al. 



WO2003059356, filed 10/28/2002; D.Chai et al. WO 2004052312, filed
6/24/2004, D.Chai et al. WO2004052313, filed 12/13/2003; D. M. Fitch e /.,
WO2004058150, filed 12/11/2003; D. K. Hutchinson et al. WO2005019191, filed
8/19/2004; J. K. Pratt et al. WO 2004/041818 Al, filed 10/31/2003),
l,l-dioxo-4H-benzo[l,4]thiazin-3-yl derivatives (J. F. Blake et al. in U.
S. Patent Publication US20060252785 and l,l-dioxo-benzo[d]isothazol-3-yl
compounds (J. F. Blake et al. in U. S. Patent Publication 2006040927).
Examples of the HCV NS3 protease inhibitors include, but are not limited to
SCH-503034 (Schering, SCH-7), VX-950 (telaprevir, Vertex), BILN-2065
(Boehringer-Ingelheim, BMS-605339 (Bristo Myers Squibb), and ITMN- 191
(Intermune). Examples of the interferons include, but are not limited to
pegylated rIFN-alpha 2b, pegylated rIFN-alpha 2a, rIFN-alpha 2b, rIFN-alpha
2a, consensus IFN alpha (infergen), feron, reaferon, intermax alpha,
r-IFNbeta, infergen and actimmune, IFN-omega with DUROS, albuferon,
locteron, Albuferon, Rebif, oral interferon alpha, IFNalpha-2b XL, AVI-005,
PEG-Infergen, and pegylated IFN-beta. Ribavirin analogs and the ribavirin
prodrug viramidine (taribavirin) have been administered with interferons to
control HCV. Commonly used abbreviations include: acetyl (Ac), aqueous
(aq.), atmospheres (Atm), 2,2'- bis(diphenylphosphino)-l,l'-binaphthyl
(BINAP), tert-butoxycarbonyl (Boc), di-tert-butyl pyrocarbonate or boc
anhydride (BOC2O), benzyl (Bn), butyl (Bu), Chemical Abstracts Registration
Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
dibenzylideneacetone (DBA), 1,5- diazabicyclo[4.3.0]non-5-ene (DBN),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), N5N'- dicyclohexylcarbodiimide
(DCC), 1,2-dichloroethane (DCE), dichloromethane (DCM),
diethylazodicarboxylate (DEAD), di-zso-propylazodicarboxylate (DIAD),
di-zso-butylaluminumhydride (DIBAL or DIBAL-H), di- o-propylethylamine
(DIPEA), N,N-dimethyl acetamide (DMA), 4-N Ndimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et),
ethyl acetate (EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-l-carboxylic
acid ethyl ester (EEDQ), diethyl ether (Et2O), O-(7-
azabenzotriazole-l-yl)-N, N,N'N'-tetramethyluroniumhexafluorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt),
high pressure liquid chromatography (HPLC), isopropanol (IPA), methanol
(MeOH), melting point (mp), MeSO - (mesyl or Ms), methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl
tert-butyl ether (MTBE), Nmethylmorpholine (NMM), N-methylpyrrolidone
(NMP), phenyl (Ph), propyl (Pr), zso-propyl (i-Pr), pounds per square inch
(psi), pyridine (pyr), room temperature (rt or RT), satd. (saturated),
tertbutyldimethylsilyl or t-BuMe2Si (TBDMS), triethylamine (TEA or Et3N),
triflate or CF3SO2- (Tf), trifluoroacetic acid (TFA),
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluroniumtetrafluoroborate (TBTU),
thin layer chromatography (TLC), tetrahydrofuran (THF),
tetramethylethylenediamine (TMEDA), trimethylsilyl or Me3Si (TMS),
p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-C6H4SO2- or tosyl
(Ts), N-urethane-N-carboxyanhydride (UNCA). Conventional nomenclature
including the prefixes normal (n-), iso (?-), 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.). Examples of representative compounds
encompassed by the present invention and within the scope of the invention
are provided in TABLE I . Physical constants are tabulated in TABLE II.
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.
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, 2nd 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 thecompounds 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 0 C to about
125 C, and most preferably and conveniently at about room (or ambient)
temperature, e.g., about 20 C. Some compounds in following schemes are
depicted as a Markush structure with generalized substituents; however, one
skilled in the art will immediately appreciate that the nature of the R
groups as defined in the claims can varied as defined in the appended
claims to afford the various compounds contemplated in this invention.
Moreover, the reaction conditions are exemplary and alternative conditions
can be identified without undue experimentation. The reaction sequences in
the following examples are not meant to limit the scope of the invention as
set forth in the claims. 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. In
addition, if the stereochemistry of a structure or a portion of a structure
is not indicated with, for example, bold or dashed lines, the structure or
portion of the structure is to be interpreted as encompassing all
stereoisomers of it. Compounds encompassed by the present invention are
substituted 3-phenyl-lH-pyridin-2-one derivatives. The following numbering
scheme is used to refer to the substitution sites on the core
substructure.PRODUCTION METHOD The present invention relates to a method
for the production of 1,2-propanediol from glycerol in host cells. More
specifically the present invention describes recombinant enzymatic
activities which enable the synthesis of exclusively the 1,2-isomer of
propanediol from pure and crude preparations of glycerol. The present
invention also provides suitable combinations of overexpression and
inactivation of key-activities for the production of 1,2-propanediol.
1,2-propanediol (propylene glycol; 1,2-PD) is a major bulk chemical that is
widely used as a component of unsaturated polyester resins, pharmaceutical
formulations and cosmetics, liquid detergents, coolants and anti-freeze or
de-icing fluids. Since 1,2-PD is optically active, enantiomerically pure
preparations of 1,2-PD might be of special interest for medical,
agricultural or physiological applications. 1,2-propanediol is currently
produced from petrochemicals by chemical synthesis that involves handling
of large amounts of toxic compounds like epichlorhydrin or 



hydroperoxid. In conventional chemical synthesis, 1,2-PD is obtained by the
hydration of propylene oxide, which is produced from propylene. The
chemical synthesis yields racemic 1,2-PD and demands large amounts of water
in order to prevent formation of polyglycol. Conventional chemical
synthesis is dependent on fossil resources and leads to the production of
large amounts of by-products; thus it appears problematic in terms of
environmental and economical aspects. It is known that 1,2 propanediol can
be produced by microorganisms from sugars as substrates (Kluyver and
Schellen, 1937) (Heath, E.C., 1962) (Altaras, N.E, 2001) (Tran Din, K, 198)
(Cameron, D.C., 1986) (Cameron, D.C, 1998) (Park, Y.H., 2006; US 7,049,109
B2). US 6087140 and US 6303352 describe the production of 1,2-PD from
sugars except 6- deoxyhexoses by recombinant organisms.In WO 2005/073364,
US 2007/072279 a method is described by which microorganisms are generated
and selected that show enhanced capabilities to produce 1,2-PD from
unspecified carbon sources. More specifically, inactivation of a set of
genes is taught to create strains harbouring single or multiple mutations
that are the basis for a subsequent selection procedure by chemostat-
fermentations. The focus of the application is on the inactivation of the
genes encoding an aldA and gloA activity. All disclosed examples are given
for E. coli MG1655 that has mutations in at least the following two genes:
triosephosphat-isomerase (tpiA) and both subunits of pyruvate-formate lyase
(pflAB). Furthermore, the examples specifically refer to glucose as
carbon-source for fermentations. There is therefore an unmet need in the
art for improving the biotechnological processes for the production of
1,2-propanediol (1,2-PD). There is further an unmet need for improved
microbial strains that can be used in such a process. The present invention
addresses this unmet need by providing solutions to the problems that had
so far prevented significant improvements in this area. To solve these
problems, the present invention provides an improved biotechnological
process for the production of 1,2 propanediol (1,2-PD) from a
non-fermentable, inexpensive carbon substrate, whereby the carbon substrate
is sustaining production of biomass and serves as a substrate for
production of 1,2 propanediol (1,2-PD) at the same time. The present
invention further provides improved microbial strains which are
specifically adapted to the specific requirements of this procedure and are
therefore specifically suited for use in the process according to the
invention. In particular, the present invention provides a host cell,
particularly a microorganism or strain, which is engineered to produce high
levels of 1,2 propanediol (1,2-PD) when grown on a non-fermentable carbon
substrate, whereby the carbon substrate is sustaining production of biomass
and serves as a substrate for production of 1,2 propanediol (1,2-PD) at the
same time, particularly when grown on glycerol as the sole carbon source.In
one embodiment of the invention, a host cell, particularly a microorganism
or strain, is provided which is engineered to produce high levels of 1,2
propanediol (1,2-PD) when grown on glycerol as the sole carbon source,
wherein said glycerol has a degree of purity of at least 70%, particularly
of at least 75%, particularly of at least 80%, particularly of at least
85%, particularly of at least 90%, particularly of at least 95%,
particularly of at least 99% and up to 100%, with all integers falling
within the above defined ranges also being comprised herewith. In a
specific embodiment, the glycerol has a degree of purity of between 80% and
90%, 



particularly of about 85%. In one embodiment of the invention, a host cell,
particularly a microorganism or strain, is provided which is capable of
producing high levels of 1,2 propanediol (1,2-PD) when grown on glycerol as
the sole carbon source, wherein said host cell, particularly said
microorganism or strain, is engineered to overexpress propanediol
oxidoreductase (fucO), particularly by introducing a gene encoding a
propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD) when
grown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express at
least one enzyme protein selected from the group consisting of glycerol
dehydrogenase (gldA), dihydroxyacetone kinase (dhaK) and methylglyoxal
synthase (mgsA) along with the propanediol oxidoreductase (fucO) activity,
particularly by co-introducing in said host cell together with the gene
encoding a propanediol oxidoreductase (fucO) activity at least one
additional gene encoding an enzyme activity selected from the group
consisting of glycerol dehydrogenase (gldA), dihydroxyacetone kinase (dhaK)
and methylglyoxalsynthase (mgsA) such as to express said activities along
with the propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD)
whengrown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express a
glycerol dehydrogenase (gldA) activity along with the propanediol
oxidoreductase (fucO) activity, particularly by cointroducing in said host
cell together with the gene encoding a propanediol oxidoreductase (fucO)
activity, a gene encoding a glycerol dehydrogenase (gldA) activity such as
to express said glycerol dehydrogenase (gldA) activity along with the
propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD) when
grown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express a
dihydroxyacetone kinase (dhaK) activity along with the propanediol
oxidoreductase (fucO) activity, particularly by cointroducing in said host
cell together with the gene encoding a propanediol oxidoreductase (fucO)
activity, a gene encoding a dihydroxyacetone kinase (dhaK) activity such as
to express said dihydroxyacetone kinase (dhaK) activity along with the
propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD) when
grown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express a
methylglyoxalsynthase (mgsA) activity along with the propanediol
oxidoreductase (fucO) activity, particularly by cointroducing in said host
cell together with the gene encoding a propanediol oxidoreductase (fucO)
activity, a gene encoding a methylglyoxalsynthase (mgsA) activity such as
to express said methylglyoxalsynthase (mgsA) activity along with the
propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or 



strain, which is capable of producing high levels of 1,2 propanediol
(1,2-PD) when grown on glycerol as the sole carbon source, wherein said
host cell, particularly said microorganism or strain, is engineered to
co-express a glycerol dehydrogenase (gldA) and a dihydroxyacetone kinase
(dhaK) activity along with the propanedioloxidoreductase (fucO) activity,
particularly by co-introducing in said host cell together with the gene
encoding a propanediol oxidoreductase (fucO) activity, genes encoding a
glycerol dehydrogenase (gldA) and a dihydroxyacetone kinase (dhaK) activity
such as to express said glycerol dehydrogenase (gldA) and dihydroxyacetone
kinase (dhaK) activities along with the propanediol oxidoreductase (fucO)
activity. In one embodiment, the invention provides a host cell,
particularly a microorganism or strain, which is capable of producing high
levels of 1,2 propanediol (1,2-PD) when grown on glycerol as the sole
carbon source, wherein said host cell, particularly said microorganism or
strain, is engineered to co-express a glycerol dehydrogenase (gldA) and a
methylglyoxalsynthase (mgsA) activity along with the propanediol
oxidoreductase (fucO) activity, particularly by co-introducing in said host
cell together with the gene encoding a propanediol oxidoreductase (fucO)
activity, genes encoding a glycerol dehydrogenase (gldA) and a
methylglyoxalsynthase (mgsA) activity such as to express said glycerol
dehydrogenase (gldA) and methylglyoxalsynthase (mgsA) activities along with
the propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD) when
grown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express a
dihydroxyacetone kinase (dhaK) and a methylglyoxalsynthase (mgsA) activity
along with the propanediol oxidoreductase (fucO) activity, particularly by
co-introducing in said host cell together with the gene encoding a
propanediol oxidoreductase (fucO) activity, genes encoding a
dihydroxyacetone kinase (dhaK) and a methylglyoxalsynthase (mgsA) activity
such as to express said dihydroxyacetone kinase (dhaK) and
methylglyoxalsynthase (mgsA) activities along with the propanediol
oxidoreductase (fucO) activity. In one embodiment, the invention provides a
host cell, particularly a microorganism or strain, which is capable of
producing high levels of 1,2 propanediol (1,2-PD) when grown on glycerol as
the sole carbon source, wherein said host cell, particularly said
microorganism or strain, is engineered to co-express a glycerol
dehydrogenase (gldA), a dihydroxyacetone kinase (dhaK) and a
methylglyoxalsynthase (mgsA) activity alongwith the propanediol
oxidoreductase (fucO) activity, particularly by co-introducing in said host
cell together with the gene encoding a propanediol oxidoreductase (fucO)
activity, genes encoding a glycerol dehydrogenase (gldA), a
dihydroxyacetone kinase (dhaK) and a methylglyoxalsynthase (mgsA) activity
such as to express said glycerol dehydrogenase (gldA), dihydroxyacetone
kinase (dhaK) and methylglyoxalsynthase (mgsA) activities along with the
propanediol oxidoreductase (fucO) activity. In one embodiment, the
invention provides a host cell, particularly a microorganism or strain,
which is capable of producing high levels of 1,2 propanediol (1,2-PD) when
grown on glycerol as the sole carbon source, wherein said host cell,
particularly said microorganism or strain, is engineered to co-express a
glycerol dehydratase activity along with the propanediol oxidoreductase
(fucO) activity, particularly by cointroducing in said host cell together
with the gene encoding a propanediol oxidoreductase (fucO) activity, genes
encoding a glycerol dehydratase activity such as to express said glycerol
dehydratase activity along with the propanediol oxidoreductase 



(fucO) activity. In one embodiment, the invention provides a host cell,
particularly a microorganism or strain, which is capable of producing high
levels of 1,2 propanediol (1,2-PD) when grown on glycerol as the sole
carbon source, wherein said host cell, particularly said microorganism or
strain, is engineered to co-express an aldo-keto-reductase activity along
with the propanediol oxidoreductase (fucO) activity, particularly an
aldo-ketoreductase activity, which is contributed by a gene, particularly a
microbial gene, selected from the group consisting of dkgA, dkgB, yeaE and
yghZ, particularly by cointroducing in said host cell together with the
gene encoding a propanediol oxidoreductase (fucO) activity, genes encoding
an aldo-keto-reductase activity, particularly a microbial gene, selected
from the group consisting of dkgA, dkgB, yeaE and yghZ such as to express
said aldo-keto-reductase activity along with the propanediol oxidoreductase
(fucO) activity. In one embodiment, the invention provides a host cell,
particularly a microorganism or strain, which is capable of producing high
levels of 1,2 propanediol (1,2-PD) whengrown on glycerol as the sole carbon
source, wherein said host cell, particularly said microorganism or strain,
has been engineered through recombinant DNA techniques. In one embodiment,
the invention provides a host cell, particularly a microorganism or strain
according to the invention and as described herein before, which is capable
of producing high levels of 1,2 propanediol (1,2-PD) when grown on glycerol
as the sole carbon source, wherein said host cell, particularly a
microorganism or strain, is defective in arabinose metabolism. In on
embodiment, said host cell, particularly said microorganism or strain, is
defective in arabinose metabolism due to a reduced or missing ribulose
kinase activity. In one embodiment, the invention provides a host cell,
particularly a microorganism or strain according to the invention and as
described herein before, which is capable of producing high levels of 1,2
propanediol (1,2-PD) when grown on glycerol as the sole carbon source,
wherein said host cell, particularly said microorganism or strain, is
defective in the metabolism of methylglyoxal. In one embodiment, said host
cell, particularly said microorganism or strain, is defective in the
metabolism of methylglyoxal due to a reduced or missing enzyme activity
selected from the group consisting of glyoxylase system I, glyoxylase
system II, lactate dehydrogenase A, glyoxylase system III, aldehyde
dehydrogenase A activity, but especially due to a reduced or missing
glyoxylase system I activity. In one embodiment, the invention provides a
host cell, particularly a microorganism or strain according to the
invention and as described herein before, which is capable of producing
high levels of 1,2 propanediol (1,2-PD) when grown on glycerol as the sole
carbon source, wherein said host cell, particularly said microorganism or
strain, is defective in the metabolism of dihydroxyacetonphosphate. In one
embodiment, said host cell, particularly said microorganism or strain, is
defective in the metabolism of dihydroxyacetonphosphate due to a reduced
triosephosphate isomerase activity. In one embodiment, the invention
provides a host cell, particularly a microorganism or strain according to
the invention and as described herein before, wherein said microorganism is
E. coli.In one embodiment, the invention provides a method for the
preparation of 1,2- propanediol whereby a host cell, particularly a
microorganism strain according to the invention is grown in an appropriate
growth medium containing a simple carbon source, particularly a crude
glycerol preparation, after which the 1,2-propanediol produced are 



recovered and, if necessary, purified. In particular, the invention
provides a method of producing 1,2-propanediol by growing a host cell,
particularly a microorganism or strain according to the invention, on a
nonfermentable carbon substrate, comprising: i) culturing said host cell,
particularly said microorganism or strain, according to the invention and
as described herein before, which host cell overexpresses propanediol
oxidoreductase (fucO) activity, in a medium containing a non-fermentable
carbon substrate, whereby the carbon substrate is sustaining production of
biomass and serves as a substrate for production of 1,2 propanediol
(1,2-PD) at the same time, and the nonfermentable carbon source is
metabolized by the host cell, particularly the microorganism or strain,
according to the invention into 1,2-propanediol ii) recovering the
1,2-propanediol produced according to step i); and, optionally, iii)
purifying the recovered 1,2-propanediol. In one embodiment of the
invention, said non-fermentable carbon substrate is a crude glycerol
preparation, particularly a preparation containing glycerol with a purity
of at least 70%, particularly of at least 75%, particularly of at least
80%, particularly of at least 85%, particularly of at least 90%,
particularly of at least 95%, particularly of at least 99% and up to 100%.
In a specific embodiment, the glycerol has a degree of purity of between
80% and 90%, particularly of about 85%.In one embodiment, the
non-fermentable carbon substrate, particularly the crude glycerol
preparation as described herein before, is selectively metabolized to 1,2-
propanediol. In one embodiment, the invention provides a method of
producing 1,2-propanediol as described herein before, wherein a host cell,
particularly a microorganism or strain, according to the invention and as
described herein before is used in said process, which is engineered to
overexpress propanediol oxidoreductase (fucO). In one embodiment, the
invention provides a method of producing 1,2-propanediol as described
herein before, wherein a host cell, particularly a microorganism or strain,
according to the invention and as described herein before is used in said
process which is engineered to co-express at least one additional enzyme
protein selected from the group consisting of glycerol dehydrogenase
(gldA), dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA)
along with the propanediol oxidoreductase (fucO) activity. In one
embodiment of the invention, a host cell, particularly a microorganism or
strain, according to the invention and as described herein before is used,
wherein at least one enzyme activity involved in a non-productive pathway
competing with 1,2-PD production has been deactivated. In particular,
microbial mutants, particularly mutants of E. coli, are used wherein one or
more of the genes encoding glyoxylase systems I and II (gloA and gloB),
lactate dehydrogenase A (ldhA), glyoxylase system III (indirectly by
inactivation of the master regulator rpoS), and aldehyde dehydrogenase have
been deactivated. In another embodiment, a microbial mutant or strain,
particularly an E. coli mutant, is used wherein the gene encoding a gloA
activity has been partially or fully inactivated: In another embodiment, a
microbial mutant or strain inactivated in arabinose 



metabolism is used within the process according to the invention.In one
embodiment of the invention, an E.coli strain is used as the host organism,
particularly an E. coli strain MG1655 and DH5alpha, respectively. In one
embodiment of the invention, at least one of the genes encoding an enzyme
activity selected from the group consisting of glycerol dehydrogenase
(gldA), dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA) and
propanediol oxidoreductase (fucO) is under the control of an inducible
promoter, particularly an arabinose inducible promoter, particularly a
paraBAD promoter. In one embodiment of the invention, a synthetic operon is
provided and used in the method according to the invention to provide a
host cell, particularly a microorganism or strain, co-expressing at least
one enzyme activity selected from the group consisting of glycerol
dehydrogenase (gldA), dihydroxyacetone kinase (dhaK) and
methylglyoxalsynthase (mgsA) activity along with the propanediol
oxidoreductase (fucO) activity. In one embodiment of the invention, the
genes encoding the above activities are under control of an inducible
promoter, particularly an arabinose-inducible promoter, but especially a
paraBAD promoter. In one embodiment, a synthetic operon is provided
comprising the gene encoding propanediol oxidoreductase (fucO) and at least
one additional gene encoding an enzyme protein selected from the group
consisting of glycerol dehydrogenase, dihydroxyacetone kinase and
methylglyoxalsynthase (mgsA), particularly a synthetic operon comprising
the genes encoding propanediol oxidoreductase (fucO), glycerol
dehydrogenase, dihydroxyacetone kinase and methylglyoxalsynthase (mgsA). In
one embodiment, the synthetic operon according to the invention is under
the control of an inducible promoter, particularly an arabinose-inducible
promoter. In one embodiment of the invention, the genes encoding the
succession of genes transcribed upon induction from said operon is as
follows: mgsA, gldA, dhaK, fucO. The invention further relates to
polynucleotide molecules or constructs, particularly plasmids and vector
molecules, comprising the synthetic operon according to theinvention and as
described herein before and to host cells, particularly microbial host
cells comprising said polynucleotide molecules. BRIEF DESCRIPTION OF THE
DRAWINGS AND SEQUENCE LISTING Figure 1 illustrates inhibition of growth of
wild type (black bars) and mutant strains (DgloA-mutant, grey-bars;
DgloB-mutant, hatched bars) of is. coli by different amounts of
methylglyoxal added to the culture broth Figure 2 is a schematic drawing of
pathways generating 1,2-PD when sugars or glycerol are carbon substrates
Figures 3 & 4 illustrate maps of plasmids described within the invention
DEFINITIONS The term "polynucleotide" is understood herein to refer to
polymeric molecule of high molecular weight which can be single-stranded or
double-stranded, composed of monomers (nucleotides) containing a sugar,
phosphate and a base which is either a purine or pyrimidine. The term
"polynucleotide " thus primarily refers to a polymer of DNA or RNA which
can be single- or double-stranded, optionally containing synthetic,
non-natural or altered nucleotide bases capable of incorporation into DNA
or RNA polymers. Unless otherwise indicated, a particular nucleic acid
sequence of this invention also implicitly encompasses conservatively
modified variants thereof (e.g. degenerate codon substitutions) and
complementary sequences and as well as the 



sequence explicitly indicated. Specifically, degenerate codon substitutions
may be achieved by generating sequences in which the third position of one
or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer, et al. (1991); Ohtsuka, et al, (1985); and
Rossolini, et al. (1994)). The term polynucleotide is used interchangeably
with nucleic acid, nucleotide sequence and may include genes, cDNAs, and
mRNAs encoded by a gene, etc. The term "construct" refers to a plasmid,
virus, autonomously replicating sequence, phage or nucleotide sequence,
linear or circular, of a single- or double-stranded DNA orRNA, derived from
any source, in which a number of nucleotide sequences have been joined or
recombined into a unique construction which is capable of introducing a
promoter fragment and DNA sequence for a selected gene product encoding an
enzyme activity according to the invention along with appropriate 3'
untranslated sequence into a cell. The term "transformation" or
"transfection" refers to the acquisition of new genes in a cell after the
incorporation of nucleic acid. The term "expression" refers to the
transcription and translation to gene product from a gene coding for the
sequence of the gene product. In the expression, a DNA chain coding for the
sequence of gene product is first transcribed to a complimentary RNA which
is often a messenger RNA and, then, the thus transcribed messenger RNA is
translated into the above-mentioned gene product if the gene product is a
protein. The term "plasmid" or "vector" or "cosmid" as used herein refers
to an extra chromosomal element often carrying genes which are not part of
the central metabolism of the cell, and usually in the form of circular
double-stranded DNA molecules. The term "regulator" used in the present
specification refers to a base sequence having a functional promoter and
any related transcriptional element (e.g., enhancer, CCAAT box, TATA box,
SPI moiety and the like). The term "operably linked" used in the present
specification means that various regulatory elements such as a promoter, an
enhancer and the like, that control the gene expression, and a gene of
interest are connected in an operable state in a host cell such as to
enable expression of said gene of interest. It is a well known matter to
those of ordinary skill in the art that the type and kind of regulator can
vary depending on the host. The term 'deletion' denotes the suppression of
the activity of a gene, which in general consists of a suppression of
activity that can be an inactivation, an inhibition, or it can be the
deletion of at least a part of the gene concerned (for example deletion of
all or apart of the promoter region necessary for its expression) so that
it is not expressed or non-functional or so that the expression product
loses its function (for example deletion in a coding part of the gene
concerned). Preferentially, the deletion of a gene is essentially the
suppression of that gene, which gene can be replaced by a selection marker
gene that facilitates the identification, isolation and purification of the
strains according to the invention. For example, a gene may be inactivated
by homologous recombination mediated by the recA-protein of e.g. E. coli
(Cunningham, et al. (1980)). Briefly, an inactivation protocol can be as
follows: a linear fragment of DNA is introduced into the cell. This
fragment is obtained in vitro, and comprises two regions flanking the gene,
and a gene encoding a selectable gene product (generally an
antibiotic-resistance gene) located between the two flanking regions. This
fragment thus presents an inactivated gene. The cells that have undergone a
recombination event and integrated the synthetic fragment are selected by
plating on a selective growth medium. 



Cells that have undergone a double recombination event, in which the native
gene has been replaced by the inactivated gene, are selected. The term
"carbon substrate" means any carbon source capable of being metabolized by
a microorganism wherein the substrate contains at least one carbon atom.
The term "non-fermentable carbon substrate" as used in the present
invention refers to carbon substrates that do not sustain redox-processes
of a given organism to generate biomass in absence of exogenous electron
acceptors. 1,2-propanediol (propylene glycol; 1,2-PD) is a major bulk
chemical that is widely used as a component of unsaturated polyester
resins, pharmaceutical formulations and cosmetics, liquid detergents,
coolants and anti-freeze or de-icing fluids. Since 1,2 propanediol (1,2-PD)
is optically active, enantiomerically pure preparations of 1,2 propanediol
(1,2-PD) might be of special interest for medical, agricultural or
physiological applications. 1,2 propanediol (1,2-PD) can be produced by
microorganisms from sugars as substrates and sole carbon source. In recent
years, alternative substrates such as glycerol haveattracted considerable
attention for use as fermentation substrate instead of e.g. sugar carbon
sources. The interest in glycerol essentially is the result of
significantly increased biodiesel or bio-ethanol production. Both processes
generate glycerol as major by-product that makes up e.g. 10 % (w/w) of the
biodiesel produced. The present invention now provides an improved
biotechnological process for the production of 1,2 propanediol (1,2-PD)
from a non-fermentable, inexpensive carbon substrate, particularly a crude
glycerol preparation, whereby the carbon substrate is sustaining production
of biomass and serves as a substrate for production of 1,2 propanediol
(1,2-PD) at the same time. The present invention further provides improved
microbial strains which are specifically adapted to the specific
requirements of this procedure and are therefore specifically suited for
use in the process according to the invention. In a preferred embodiment,
the present invention provides for bioconverting glycerol or crude glycerol
preparations as a non-fermentable carbon source directly to 1,2-
propanediol using a host cell, particularly a microorganism or strain, that
has been engineered to contain one or more genes that are involved in the
production pathway of 1,2 propanediol (1,2-PD) from glycerol. In
particular, the host cell, particularly the microorganism or strain,
according to the invention has been engineered by recombinant DNA
techniques to produce a recombinant host cell, particularly a recombinant
microorganism or strain, comprising genes involved in the metabolism of
dihydroxyaceton phosphate and methylglyoxal, two key precursor compounds in
the production pathway to 1,2 propanediol (1,2-PD). In particular, a host
cell, particularly a microorganism or strain, is provided harbouring genes
selected from the group consisting of genes encoding enzymes exhibiting a
glycerol-dehydrogenase activity, a dihydroxyaceton-kinase activity, a
methylgyoxal-synthase activity and a propanedioloxidoreductase activity,
which enzymes are able to convert glycerol to 1,2 propanediol (1,2-PD) with
high selectivity. In a preferred embodiment, an engineered E.coli strain,
particularly a recombinant E. coli strain is used within the scope of the
present invention.It was surprisingly found within the present invention
that common crude-glycerol (85% purity) from biodiesel production can be
used as substrate for growth of a broad variety of organisms of different
origin under oxic and anoxic conditions It could be demonstrated that most
of the organisms tested were not impaired by crude glycerol 



compared to pure glycerol with regard to biomass production, indicating
that crude glycerol can be utilised and is in general not toxic to
microorganisms. Biomass production was not affected by the impurities found
in crude-glycerol preparations. Crude glycerol from biodiesel-production or
alternative sources can, therefore, be equally well utilised as
carbon-source by microorganisms and thus can be used without further
processing as a general renewable carbon source in fermentation processes
for biomass production. Crude glycerol preparations, particularly crude
glycerol preparations from biodiesel or bioethanol production may therefore
be used in the process according to the present invention for producing 1,2
propanediol (1,2-PD). A first key precursor compound in the production
pathway to 1,2 propanediol (1,2-PD) is dihydroxyaceton phosphate (DHAP).
DHAP is converted to methylglyoxal, a 2nd essential precursor compound,
through the activity of a methylglyoxal synthase (mgsA). The methylglyoxal
becomes finally converted into S-lactaldehyde. A so far unidentified
glycerol-dehydratase activity may convert glycerol into R- or
S-lactaldehyde, which is further metabolised to R- or S- 1,2-PD,
respectively. Whereas an endogenous reductive activity of the host cell is
proposed to produce R-1,2-PD from the R-lactaldehyde, the S-lactaldehyde
appears to be the substrate for the propanediol oxidoreductase (fucO),
which may convert S-lactaldehyde into S-1,2-PD (Altaras, N.E., 1999;
Applield and Environmental Microbiology (65), 1180- 1185). It was,
therefore hypothesized that by introducing propanediol oxidoreductase
(fucO) into a host organism the flexibility of the 1,2 propanediol (1,2-PD)
producing network may be expanded by accepting the S-entantiomer of
lactaldehyde for conversion to 1,2 propanediol (1,2-PD). Furthermore, it
was concluded that propanediol oxidoreductase (fucO) activity might be
necessary for production of 1,2 propanediol (1,2-PD) from glycerol
independent of the methylglyoxal pathwayAccordingly, a wild-type strain
that does not produce detectable amounts of 1,2 propanediol (1,2-PD) from
glycerol, irrespective of the conditions for cultivation, was supplemented
with a polynucleotide comprising a nucleotide sequence encoding a
propanediol oxidoreductase (fucO) activity. In one embodiment of the
invention, the gene encoding a propanediol oxidoreductase (fucO) activity
was cloned into a host organism which does not produce detectable amounts
of 1,2 propanediol (1,2-PD) from glycerol and over-expressed in said host
in minimal medium containing glycerol under oxic and semi anoxic
conditions. Overexpression of propanediol oxidoreductase (fucO) activity
resulted in production of 1,2 propanediol (1,2-PD). A further key precursor
compound in the production pathway to 1,2 propanediol (1,2- PD) is
dihydroxyacetone phosphate (DHAP). In one embodiment of the invention, an
alternative pathway to yield dihydroxyacetone phosphate as precursor for
1,2 propanediol (l,2-PD)-synthesis is engineered into a microbial strain,
particularly into an E. coli strain, which pathway produces the essential
precursor DHAP independent of the endogenous regulatory network acting on
glycerophosphate kinase (glpK). In particular, a DNA molecule comprising a
nucleotide sequence encoding a glycerol dehydrogenase (gldA) and
dihydroxyacetone kinase (dhaK) activity is introduced in a host organism,
particularly a E. coli host. The gene encoding the glycerol dehydrogenase
(gldA) may be isolated from an E .coli strain, particularly an E. coli K12,
and cloned into a suitable plasmid. 



In one embodiment, the gene encoding the glycerol dehydrogenase (gldA) may
be cloned into a suitable plasmid along with a gene encoding
dihydroxyacetone kinase (dhaK) activity. The gene encoding the
dihydroxyacetone kinase (dhaK) activity may be isolated from a Citrobacter
strain, particularly a Citrobacterfreundii strain.In another embodiment of
the invention, the glycerol dehydrogenase (gldA) gene is cloned into a
suitable plasmid independent of and separate from the glycerol
dehydrogenase (gldA). In one embodiment of the invention, the introduced
coding sequences encoding a glycerol dehydrogenase (gldA) and/or a
dihydroxyacetone kinase (dhaK) activity are under control of an inducible
promoter, particularly an arabinose inducible promoter (paraBAD). The genes
of this alternative pathway to yield dihydroxyacetone phosphate encoding
the glycerol dehydrogenase (gldA) and the dihydroxyacetone kinase (dhaK)
activity, respectively, may be introduced into a wild-type host organism
together with a polynucleotide comprising the nucleotide sequence encoding
the propanediol oxidoreductase (fucO) activity, either separately as
individual expression cassettes, wherein the coding sequence is under
control of its own promoter and termination signal, which expression
cassettes may either be located on different plasmids or on a single
plasmid, or in form of a synthetic operon comprising two or more of said
genes under the control of common promoter and termination sequences. In
one embodiment of the invention, the genes encoding the glycerol
dehydrogenase (gldA) and dihydroxyacetone kinase (dhaK) activity are cloned
to a single plasmid which already comprises a gene encoding the propanediol
oxidoreductase (fucO) activity to create a plasmid comprising a gene
encoding a glycerol dehydrogenase (gldA) along with the propanediol
oxidoreductase (fucO) activity, or a plasmid comprising a gene encoding a
dihydroxyacetone kinase (dhaK) along with the propanediol oxidoreductase
(fucO) activity. In one embodiment, a plasmid is created, which comprises a
gene encoding a glycerol dehydrogenase (gldA) and a dihydroxyacetone kinase
(dhaK) along with the propanediol oxidoreductase (fucO) activity. The
various gene sequences encoding the different enzyme activities may be
arranged on the plasmid such as to create a synthetic operon, wherein two
or more genes arearranged under the control of common regulatory sequences
including promoter and polyadenylation sequences. In one embodiment, the
synthetic operon is under control of an inducible promoter, particularly an
arabinose-inducible promoter. DHAP is the initial intermediate in the
pathway generating 1,2 propanediol (1,2-PD). Triosephosphateisomerase (tpi)
of the glycolytic pathway competes with methylglyoxal synthase for DHAP. In
order to drive 1,2 propanediol (1,2-PD) production, mgsA encoding
methylglyoxal synthase may be incorporated in the synthetic operon in order
to shift the balance towards 1,2 propanediol (1,2-PD) production. In one
embodiment of the invention, an extended synthetic operon is therefore
provided comprising in addition to the genes involved in the
dihydroxyaceton phosphate pathway an additional gene involved the
production of methylglyoxal, particularly a methylgyoxal-synthase gene,
particularly a methylgyoxal-synthase gene of E. coli. The resulting
plasmid(s) is(are) then introduced in a host cell, particularly a microbial
host cell or strain, which is unable of producing detectable amounts of 1,2
propanediol (1,2-PD) from glycerol, irrespective of the conditions for
cultivation, particularly in an E. coli strain. 



In one embodiment of the invention, the host organism has no active
arabinose metabolism or has previously been inactivated in arabinose
metabolism by deleting or inactivating at least one of the essential genes
involved in the arabinose metabolism such as, for example, the gene
encoding ribulose-kinase activity (araB). The corresponding strains are
cultivated in minimal medium containing glycerol under oxic and semi anoxic
conditions, and the 1,2 propanediol (1,2-PD) is isolated from the
supernatants and analysed. Overexpression of the propanediol oxidoreductase
gene (fucO) results in production of 1,2 propanediol (1,2-PD) from crude
glycerol preparations. The amounts of 1,2 propanediol (1,2-PD) can be
increased by co-expression of a dihydroxyacetone kinase (dhaK ) and/or a
glycerol dehydrogenase gene (gldA) together with the propanediol
oxidoreductase gene (fucO). Further improvements may be achieved by
co-expressionof a dihydroxyacetone kinase (dhaK) and/or a glycerol
dehydrogenase gene (gldA) and/or a methylgyoxal-synthase gene (mgsA)
together with the propanediol oxidoreductase gene (fucO) and/or by the use
of host cells, particularly microbial host cells or strains, which are
defective in at least one of the non-productive pathways competing for key
precursor compounds in the 1.2 - propanediol production pathway. The
arrangement of the genes involved in catalysis in the described manner as
5'-mgsA, gldA, dahK, fucO-3 ' is preferred, however the invention is not
restricted to this specified arrangement. Any order of the described genes
might be suitable for 1,2 propanediol (1,2-PD) production. The pathway was
demonstrated to be specific for the production of the 1,2 propanediol
(1,2-PD) isomer of propanediol, since no 1,3 -propanediol was detected.
Methods of obtaining desired genes from a bacterial genome are common and
well known in the art of molecular biology. For example, if the sequence of
the gene is known, suitable genomic libraries may be created by restriction
endonuclease digestion and may be screened with probes complementary to the
desired gene sequence. Once the sequence is isolated, the DNA may be
amplified using standard primer directed amplification methods such as
polymerase chain reaction (PCR) (U.S. Pat. No. 4,683,202) to obtain amounts
of DNA suitable for transformation using appropriate vectors.
Alternatively, cosmid libraries may be created where large segments of
genomic DNA (35-45 kb) may be packaged into vectors and used to transform
appropriate hosts. Cosmid vectors are unique in being able to accommodate
large quantities of DNA. Generally, cosmid vectors have at least one copy
of the cos DNA sequence which is needed for packaging and subsequent
circularization of the foreign DNA. In addition to the cos sequence these
vectors will also contain an origin of replication such as CoIEl and drug
resistance markers such as a gene resistant to ampicillin or neomycin.
Methods of using cosmid vectors for the transformation of suitable
bacterial hosts are well described in Sambrook et al., (1989). Typically to
clone cosmids, foreign DNA is isolated and ligated, using the appropriate
restriction endonucleases, adjacent to the cos region of the cosmid vector.
Cosmid vectors containing the linearized foreign DNA are then reacted with
a DNA packaging vehiclesuch as bacteriophage 1. During the packaging
process the cos sites are cleaved and the foreign DNA is packaged into the
head portion of the bacterial viral particle. These particles may then be
used to transfect suitable host cells such as E. coli. Once injected into
the cell, the foreign DNA circularizes under the influence of the cos
sticky ends. In this manner large segments of foreign DNA can be introduced
and expressed in recombinant host cells. 



Once a gene has been isolated and its sequences put into the public domain,
the references given, for example, on GenBank for these known genes can be
used by those skilled in the art to determine the equivalent genes in other
organisms, bacterial strains, yeasts, fungi, mammals and plants, etc. This
routine work is advantageously performed using consensus sequences that can
be determined using sequence alignments with genes from other
micro-organisms, and by designing degenerate probes by means of which the
corresponding gene can be cloned in another organism. These routine
techniques of molecular biology are well known to the art and are
described, for example, in Sambrook et al. (1989). In another embodiment
the present invention provides a variety of vectors and transformation and
expression cassettes suitable for the cloning, transformation and
expression of the enzymatic activities according to the invention. Said
vector may be, for example, a phage, plasmid, viral or retroviral vector.
Retroviral vectors may be replication competent or replication defective.
In the latter case, viral propagation generally will occur only in
complementing host/cells. The polynucleotides or genes of the invention may
be joined to a vector containing selectable markers for propagation in a
host. Generally, a plasmid vector is introduced in a precipitate such as a
calcium phosphate precipitate or rubidium chloride precipitate, or in a
complex with a charged lipid or in carbon-based clusters, such as
fullerens. Should the vector be a virus, it may be packaged in vitro using
an appropriate packaging cell line prior to application to host cells. In a
more preferred embodiment of the vector of the invention the polynucleotide
isoperatively linked to expression control sequences allowing expression in
prokaryotic or eukaryotic cells or isolated fractions thereof. Expression
of said polynucleotide comprises transcription of the polynucleotide,
preferably into a translatable mRNA. Regulatory elements ensuring
expression in eukaryotic cells such as a bacterial or fungal cells, an
insect cells, an animal cells, mammalian cells or a human cells, but
particularly bacterial or fungal cells, are well known to those skilled in
the art. They usually comprise regulatory sequences ensuring initiation of
transcription and optionally poly-A signals ensuring termination of
transcription and stabilization of the transcript. Additional regulatory
elements may include transcriptional as well as translational enhancers.
Possible regulatory elements permitting expression in prokaryotic host
cells comprise, e.g., the lac, trp or tac promoter in E. coli, and examples
for regulatory elements permitting expression in eukaryotic host cells are
the AOXl or GALl promoter in yeast. Beside elements which are responsible
for the initiation of transcription such regulatory elements may also
comprise transcription termination signals, downstream of the
polynucleotide. In this context, suitable expression vectors are known in
the art such as Okayama-Berg cDNA expression vector pcDVl (Pharmacia),
pCDM8, pRc/CMV, pcDNAl, pcDNA3 (In-vitrogene), pSPORTl (GIBCO BRL), pSE380
(In-vitrogene), or any pBR322 or pUC18-derived plasmids. Preferably, said
vector is an expression vector and/or a gene transfer or targeting vector.
Expression vectors derived from viruses such as retroviruses, vaccinia
virus, adeno-associated virus, herpes viruses, or bovine papilloma virus,
may be used for delivery of the polynucleotides or vector of the invention
into targeted cell population. Methods which are well known to those
skilled in the art can be used to construct recombinant viral vectors; see,
for example, the techniques described in Sambrook, (1989) and Ausubel
(1994). Alternatively, the polynucleotides 



and vectors of the invention can be reconstituted into liposomes for
delivery to target cells. The present invention furthermore relates to a
host cell genetically engineered with the polynucleotide of the invention,
the gene of the invention or the vector of the invention. Suitable host
cells for the recombinant production of 1,2-propanediol may be
eitherprokaryotic or eukaryotic and will be limited only by the host cell
ability to express active enzymes. Said host cell may be a prokaryotic or
eukaryotic cell. The polynucleotide or vector of the invention which is
present in the host cell may either be integrated into the genome of the
host cell or it may be maintained extrachromosomally. In this respect, it
is also to be understood that the present invention also relates to
recombinant DNA molecules that can be used for "gene targeting" and/or
"gene replacement", for restoring a mutant gene or for creating a mutant
gene via homologous recombination; see for example Mouellic, (1990);
Joyner, Gene Targeting, A Practical Approach, Oxford University Press. The
host cell can be any prokaryotic or eukaryotic cell, such as a bacterial or
fungal cell, an insect cell, an animal cell, a mammalian cell or a human
cell, but particularly a bacterial or fungal cell. Preferred hosts will be
those typically useful for production of glycerol or 1,2-propanediol.
Preferred fungal cells are, for example, those of the genus Aspergillus,
Saccharomyces, Schizosaccharomyces, Zygosaccharomyces, Pichia,
Kluyveromyces, Candida, Hansenula, Debaryomyces, Mucor and Torulopsis, in
particular those of the species S. cerevisiae. The term "prokaryotic" is
meant to include all bacteria and archaea which can be transformed or
transfected with a polynucleotide for the expression of an enzyme activity
according to the present invention. Prokaryotic hosts may include gram
negative as well as gram positive bacteria such as, for example
Citrobacter, Enterobacter, Clostridium, Klebsiella, Aerobacter,
Lactobacillus, Methylobacter, Escherichia, Salmonella, Bacillus,
Streptomyces and Pseudomonas. Most preferred in the present invention are
E. coli, S. typhimurium, Serratia marcescens and Bacillus subtilis,
Klebsiella species and Saccharomyces species, but particularly E. coli
species. Specific examples thereof include Escherichia coli MG1655 (ATCC
700926; Bachmann, B., pp. 2460-2488 in Neidhardt et al. 1996), Escherichia
coli XLl-Blue MRF' [manufactured by Stratagene, Strategies, 5_, 8 1
(1992)], Escherichia coli C600 [Genetics, 39, 440 (1954)1. Escherichia coli
Y1088 [Science, 222, 778 (1983)], Escherichia coli ' 1090 [Science, 222,
778 (1983)1. Escherichia coli NM522 [J. MoI.Biol, 166, 1 (1983)1.
Escherichia coli K802 [J. MoI. Biol. 16. 118 (1966)1. Escherichia coli
JM109 [Gene, 38, 275 (1985)1. Escherichia coli DH5a [J. MoI. Biol., 166,
557 (1983)], and the like. Further improvements may be achieved in 1,2-PD
production by the use of suitable microbial mutants, wherein some or all
enzyme activities involved in non productive pathways have been reduced or
eliminated. For example, the enzymatic activities encoded by mgsA and tpi
compete for DHAP. Methylglyoxal-synthase activity (MgsA) was shown to be
inactivated by diphosphate (Hopper, DJ. 1972). In order to improve
conversion of DHAP into methylglyoxal, a phosphate- insensitive mutant of
MgsA can be identified by screening variant libraries obtained by any
method generating variation within coding-sequences of mgsA, e.g.
error-prone PCR. Microbial strains, particularly E. coli clones, previously
inactivated in triosephosphate isomerase (tpiA) and endogenous mgsA, are
transformed with plasmid libraries of mgsA-variants and grown 



on non-selective solid-media. By replica-plating of the initial
transformants (plate A) on agar-plates containing high concentrations of
glycerol or DHAP (plate B) or highconcentrations of diphosphate and
glycerol or DHAP (plate C), clones that can grow on plate A and B, but not
on plate C will be selected. These clones encode mgsA-variants with
significant activity that produce toxic levels of methylglyoxal in presence
of high concentrations of phosphate. Triosephosphate isomerase mutants may
be generated as described for methylglyoxalsynthase mutants. Tpi-mutants
that are significantly impaired concerning growth kinetics are identified
comparing growth kinetics on complex medium (e.g. Luria Broth, LB), glucose
and glycerol. The mutant of interest shows slower or no growth compared to
the unmodified strain with glycerol as sole source for carbon and energy,
whereas growth kinetics with LB or glucose as carbon-source is unaffected.
Two other major routes for the detoxification of MG exist that are
productive in terms of 1,2 PD biosynthesis. They are catalysed by so called
MG-reductases as initial step. Several enzymes are proposed to encode this
activity that should be strengthened by the inactivation of the competing,
non-productive pathways.In one embodiment of the invention, microbial
mutants, particularly mutants of E. coli, are constructed wherein one or
more of the genes encoding glyoxylase systems I and II (gloA and gloB),
lactate dehydrogenase A (ldhA), glyoxylase system III (indirectly by
inactivation of the master regulator rpoS), and aldehyde dehydrogenase A
(aldA) have been inactivated such as to significantly reduce or completely
inhibit expression of functional enzyme activities, through, for example,
single gene knock-outs. This way, a microbial mutant can be obtained which
has one or more of the mentioned genes inactivated, particularly a mutant
wherein 2, particularly 3, particularly 4, particularly 5 of the genes
selected from the group consisting of the genes encoding glyoxylase system
I (gloA), glyoxylase systems II (gloB), lactate dehydrogenase A (ldhA),
glyoxylase system III (indirectly by inactivation of the master regulator
rpoS), and aldehyde dehydrogenase A (aldA) are inactivated. In one
embodiment of the invention, a microbial mutant, particularly an E. coli
mutant, is provided wherein the gene encoding a gloA activity has been
partially or fully inactivated: In one embodiment of the present invention,
a host cell, particularly a microorganism or strain, particularly
aprokaryotic microorganism, e.g. E. coli, is inactivated in its ability to
metabolise methylglyoxal (MG) into D- and/or L-lactate (MG-to-lactate
metabolism). This is achieved by e.g. inactivation of glyoxylase A,
preferably in combination with inactivation of one or more of the genes
encoding glyoxylase B, the alternative sigmafactor rpoS and
aldehyde-reductase A. In a preferred embodiment, a strain is deficient of
all the above listed activities and/or genes. In another embodiment, a
strain inactivated in arabinose metabolism and in MG-to lactate metabolism,
e.g. by inactivation of glyoxylase A, is transformed with a polynucleotide
comprising the genes encoding an an enzyme activity selected from the group
consisting of methylglyoxalsynthase (mgsA), glycerol dehydrogenase (gldA),
dihydroxyacetone kinase (dhaK) and propanediol oxidoreductase (fucO)
activity, particularly with plasmid pDP mgdf, whereas the arrangement of
the genes in the synthetic operon is not limited to that shown in plasmid
pDP mgdf, but can be in anyorder. The invention also refers to a strain not
disabled in arabinose metabolism, e.g. wild type E. coli. In another
embodiment, a strain preferably but not necessarily inactivated in
MG-tolactate 



metabolism is transformed with plasmid-encoded genes that confer
aldo-ketoreductase activity. The activity encoding genes are taken from a
group of is. coli genes comprising dkgA, dkgB, yeaE and yghZ. In a
preferred embodiment, a strain expressing glycerol dehydrogenase (gldA),
dhydroxyacetone kinase, propanediol oxidoreductase (fucO) and methylglyoxal
synthase (e.g. by plasmid pDP_mgdf) is transformed with a plasmid encoding
aldoketo- reductase activity (e.g. DkgA of E. coli) and cultivated in a
medium containing crude glycerol as carbon source. In a specially preferred
embodiment, a strain inactivated in MG-to-lactate metabolism and expressing
glycerol dehydrogenase (gldA), dhydroxyacetone kinase, propanediol
oxidoreductase (fucO) and methylglyoxal synthase (e.g. encoded on plasmid
pDP_mgdf) expresses aldo-keto-reductase activity (e.g. dkgA of is. coli
encoded on plasmid pCR2.1) and cultivated in a medium containing crude
glycerol as carbon source. The invention also refers to a strain not
disabled in arabinose metabolism, and / or to strains expressing relevant
enzyme activities cited within this invention from the chromosome of the
microorganism. A polynucleotide coding for an enzyme activity according to
the present invention can be used to transform or transfect the host cell
using any of the techniques commonly known to those of ordinary skill in
the art. The technique preferentially used to introduce these genes into
the strain is electroporation, which is well known to those skilled in the
art. Briefly, an electroporation protocol can be as follows: the
heterologous genes of interest are cloned in an expression vector between a
promoter and a terminator. This vector also possessesan antibiotic
resistance gene to select cells that contain it and a functional
replication origin in the host strain so it can be maintained. The protocol
requires the preparation of electrocompetent host cells, which are then
converted by electroporation by the vector. According to the invention, the
genes introduced by electroporation are preferentially the genes according
to the invention encoding an enzyme activity selected from the group
consisting of glycerol dehydrogenase (gldA), dihydroxyacetone kinase
(dhaK), methylglyoxalsynthase (mgsA) and propanediol oxidoreductase (fucO)
activity. Methods for preparing fused, operably linked genes and expressing
them in bacteria or animal cells are well-known in the art (Sambrook,
supra). The genetic constructs and methods described therein can be
utilized for expression of polypeptides of the invention in, e.g.,
prokaryotic hosts. In general, expression vectors containing promoter
sequences which facilitate the efficient transcription of the inserted
polynucleotide are used in connection with the host. The expression vector
typically contains an origin of replication, a promoter, and a terminator,
as well as specific genes, which are capable of providing phenotypic
selection of the transformed cells. The transformed prokaryotic hosts can
be grown in fermentors and cultured according to techniques known in the
art to achieve optimal cell growth. Typically, cells are grown at 30 C. in
appropriate media. Preferred growth media in the present invention are
defined or synthetic, e.g. minimal medium M9 containing glycerol as carbon
source. Common commercially prepared media such as Luria Bertani (LB)
broth, Sabouraud Dextrose (SD) broth or Yeast Malt Extract (YM) broth may
also be used and the appropriate medium for growth of the particular
microorganism will be known by a person skilled in the art of microbiology
or fermentation science. The use of 



agents known to modulate catabolite repression directly or indirectly,
e.g., cyclic adenosine 2':3'-monophosphate or cyclic adenosine
2':5'-monophosphate, may also be incorporated into the reaction media.
Similarly, the use of agents known to modulate enzymatic activities (e.g.,
sulphites, bisulphites and alkalis) that lead to enhancement of 1,2-PD
production may be used in conjunction with or as an alternative to genetic
manipulations.Suitable pH ranges for the fermentation are between pH 5.0 to
pH 9.0, where pH 6.0 to pH 8.0 is preferred as range for the initial
condition. Reactions may be performed under aerobic, microaerobic or
anaerobic conditions where aerobic or microaerobic conditions are
preferred. Batch and Continuous Fermentations: The present process uses a
batch method of fermentation. A classical batch fermentation is a closed
system where the composition of the media is set at the beginning of the
fermentation and not subject to artificial alterations during the
fermentation. Thus, at the beginning of the fermentation the media is
inoculated with the desired organism or organisms and fermentation is
permitted to occur adding nothing to the system. Typically, however, a
batch fermentation is "batch" with respect to the addition of the carbon
source and attempts are often made at controlling factors such as pH and
oxygen concentration. The metabolite and biomass compositions of the batch
system change constantly up to the time the fermentation is stopped. Within
batch cultures cells moderate through a static lag phase to a high growth
log phase and finally to a stationary phase where growth rate is diminished
or halted. If untreated, cells in the stationary phase will eventually die.
Cells in log phase generally are responsible for the bulk of production of
end product or intermediate. A variation on the standard batch system is
the Fed-Batch fermentation system which is also suitable in the present
invention. In this variation of a typical batch system, the substrate is
added in increments as the fermentation progresses. Fed-Batch systems are
useful when catabolite repression is apt to inhibit the metabolism of the
cells and where it is desirable to have limited amounts of substrate in the
media. Measurement of the actual substrate concentration in Fed-Batch
systems is difficult and is therefore estimated on the basis of the changes
of measurable factors such as pH, dissolved oxygen and the partial pressure
of waste gases such as CO.sub.2. Batch and Fed-Batch fermentations are
common and well known in the art and examples may be found in Brock, supra.
It is also contemplated that the method would be adaptable to continuous
fermentation methods. Continuous fermentation is an open system where a
defined fermentation media is added continuously to a bioreactor and an
equal amount of conditioned media is removed simultaneously for processing.
Continuous fermentation generally maintains the cultures at a constant high
density where cells are primarily in log phase growth. Continuous
fermentation allows for the modulation of one factor orany number of
factors that affect cell growth or end product concentration. For example,
one method will maintain a limiting nutrient such as the carbon source or
nitrogen level at a fixed rate and allow all other parameters to moderate.
In other systems a number of factors affecting growth can be altered
continuously while the cell concentration, measured by media turbidity, is
kept constant. Continuous systems strive to maintain steady state growth
conditions and thus the cell loss due to media being drawn off must be
balanced against the cell growth rate in the fermentation. Methods of
modulating nutrients and growth factors for continuous fermentation
processes as well as techniques for maximizing the rate of product
formation are well known in the art of industrial microbiology and a
variety of methods are detailed by Brock, supra. The present 



invention may be practiced using either batch, fed-batch or continuous
processes and that any known mode of fermentation would be suitable.
Additionally, it is contemplated that cells may be immobilized on a
substrate as whole cell catalysts and subjected to fermentation conditions
for 1,2-propanediol production. The 1,2 propanediol product can then be
isolated from the grown medium or cellular lysates. The isolation and
purification of the microbially or otherwise produced propanediols may be
by any conventional means. Methods for the purification of propanediols
from fermentation or cultivation media are known in the art. For example,
propanediols can be obtained from cell media by subjecting the reaction
mixture to extraction with an organic solvent, distillation and column
chromatography (U.S. Pat. No. 5,356,812). A particularly good organic
solvent for this process is cyclohexane (U.S. Pat. No. 5,008,473). For
industrial applications, purification of 1,2-propanediol from large volumes
of fermentor broth requires non-laboratory scale methods. Difficulties to
be overcome include removal of cell matter form the broth (clarification),
concentration of 1,2- propanediol either by extraction or water removal and
separation of residual impurities from the partially purified monomer.
Broth clarification will typically proceed either by filtration,
centrifugation or crossflow microfiltration. Suitable filters are
manufactured for example by Millipore (Millipore Corporation, 80 Ashby
Road, Bedford, Mass.) or Filmtec (Dow Chemical Co.). Centrifugation
effectively removes the bulk of the cells, but, depending upon the nature
of the broth, does not always achieve complete cellremoval. Crossflow
microfiltration yields extremely clear filtrate. The concentrate is a
slurry rather than a high-solids cake. The skilled person will be able to
adapt the clarification method most appropriate for the fermentation
apparatus and conditions being employed. Water reduction of the clarified
broth is complicated by the high solubility of 1,2-propanediol in water.
Extraction of 1,2-propanediol from the clarified broth may be accomplished
by a variety of methods, including evaporation/distillation, membrane
technology, extraction by organic solvent and adsorption. Rotary
evaporators may be used to initially reduce water volume in the clarified
broth. This method has enjoyed good success in Applicants' hands.
Precipitation of extraneous proteins and salts do not appear to affect
1,2-propanediol recovery Membrane technology may be used either separately
or in conjunction with evaporation. Suitable membranes will either (i)
allow passage of 1,2-propanediol, retaining water and other feed molecules
(ii) allow passage of water and other molecules, retaining 1,2-propanediol
or (iii) allow passage of water and 1,2-propanediol while retaining other
molecules. In the present invention method (iii) is preferred. Particularly
useful, are reverse osmosis membranes such as SW-30 2540 (Filmtec, Dow
Chemical Co.) and the DL and SH series of reverse osmosis membranes made by
Millipore (Millipore Corporation, Bedford, Mass.). Following evaporation
and membrane concentration, partially purified 1,2-propanediol may be
extracted into organic solvents. Suitable solvent will include alcohols
such as tert-amyl alcohol, cyclopentanol, octanol, propanol, methanol, and
ethanol. Non alcohols may also be used such as octanone, cyclohexane and
valeraldehyde. Within the context of the present invention, alcohols are
preferred and ethanol is most preferred. Alternatively 1,2-propanediol may
be further concentrated by adsorption to various industrial adsorbents.
Activated carbon and polycyclodextrin such as those produced by the
American Maize Products Company are particularly suitable. Following either
extraction or adsorption, partially purified 1,2-propanediol must be
refined. Refining 



may be accomplished by electrodialysis (particularly useful for desalting)
which utilizes a combination of anion and cation exchange membranes or
biopolar (anion and cation) membranes (see for example, Grandison, Alistair
S., (1996)) A preferred method of refining in the present invention is
distillation. Distillation may be done in batch where the operating
pressure is ambient or below, e.g. about 25 in. Hg of vacuum. Monitoring of
distillation indicated that materials evaporated in the order of first to
last beginningwith light organics, water, diols including 1,2-propanediol
and finally heavy materials such as glycerol and precipitated
solids.EXAMPLES The following Examples provide illustrative embodiments. In
light of the present disclosure and the general level of skill in the art,
those of skill will appreciate that the following Examples are intended to
be exemplary only and that numerous changes, modifications, and alterations
can be employed without departing from the scope of the presently claimed
subject matter. All manipulations and techniques necessary to construct and
propagate strains described in this invention are known to those skilled in
the art. Technical details are described e.g. in Ausubel et al 1995;
Sambrook, J, 2001 and Miller, J.H. 1992 and in relevant publications cited
within this invention. EXAMPLE 1; General Methodology 1.1 Strain
cultivation E. coli was cultured in a defined minimal medium that was
designed to contain low levels of phosphate, since phosphate is a known
inhibitor of methyglyoxal synthase. Per liter, the medium contained:
(MLO2SO4 - 3 g Yeast extract - 0,2 g CoCl2 - 1,9 e-6 g
Bis-(2-hydroxyethyl)-imino-tris-(hydroxymethyl)-methane - 1O g KH2PO4 -
0,002 g K2HPO4 - 0,0085 g MgSO4 - 0,225 g Trace element solution [Pfennig,
1966] - 1ml If appropriate, antibiotics were added to the medium.
Concentrations used were gentamycin, 5 mg/1, ampicillin, 10 mg/1. Crude
glycerol was obtained from biodiesel production and had a purity of 85 %.E.
coli strains were routinely propagated in cultivation tubes (total volume
30 ml. Inoculum 5 ml) or glass bottles sealed with rubber-stoppers (total
volume 12 ml, inoculum 10 ml) for creating semi-anoxic conditions. The term
"cultivation under oxic conditions" implies cultivation in non-sealed
containments with agitation. Semi-anoxic in that context means cultivation
of strains without agitation in medium that was prepared under oxic
conditions and in closed containments, e.g. bottles sealed with
rubber-stoppers upon inoculation to avoid diffusing in of external oxygen.
Cultivation times varied between 2 and 5 days, for oxic and semi-anoxic
conditions, respectively. In general, experiments were stopped when optical
density failed to increase further. 1.2 Analysis of 1,2-PD formation Levels
of 1,2-PD in supernatants in culture broth were determined by three
different methods, comprising a colorimetric assay, HPLC and GC-MS. Whereas
HPLC using a cation-exchange column did not allow for differentiation
between 1,2- and 1,3 -isomers of propanediol, the colorimetric assay was
specific for 1,2- 



PD. GC-MS analysis allowed for simultaneous quantification of both isomers
separately. Detection levels were 0,5 g/1 for HPLC-analysis, 50 mg/1 for
the colorimetric assay, and 10 mg/1 for GC-MS analysis. For routine
analysis, 1,2-PD in supernatants was determined by a colorimetric method
described by Jones and Riddick {Jones, 1957}. Basically, sulphuric acid is
added to cell-free supernatant sample, mixed and heated. Thereafter, a
ninhydrin solution and sodium-bisulfite is added, mixed and incubated for
one hour. Another aliquot of sulphuric acid is added and the absorption at
595 nm, which is equivalent to the concentration of 1,2-PD, is recorded.
For quantitative analysis, 1,2-PD in samples was measured by GC-MS
analysis. 1,2-PD was identified by identical retention times compared to
authentic material and by mass-fingerprinting.EXAMPLE 2; Construction of
recombinant organisms 2.1 Strains and ylasmids used in this invention E.
coli MG1655 (F- lambda- UvG- f -50 rph-l) and DH5alpha (F , f80d/ cZDM15,
A(lacZYA-argF) U169, deoR, recAl, endAl, mk+), phoA, supEAA, l , thi-l,
gyrA96, relAX) and derivatives thereof were used as host for the production
of 1,2-PD. Furthermore, genomic DNA of MG1655 provided the source for
amplification of relevant genes. Genomic DNA from Citrobacter freundii
(DSM30040) was used as template for the amplification of the dhaK gene. 2.2
Isolation and cloning of genes As first step, the E. coli gene for glycerol
dehydrogenase gldA (SEQ ID NO: 29) was introduced in plasmid pB2araJ (Fig.
3a) or plasmid pCR2.1 (Fig. 3b). All primers used for amplification of
genes of interest are listed in Table 1. Primers gldH_forl and gldH_revl
were used to amplify the 1,104-bp gldA Fragment from E. coli. The
gel-purified PCR-fragment was inserted into the Aatll-Swal site of the
pB2araJ vector, to give pDP_g. In this plasmid g/dL4-expression is under
control of promotor paraBAD, allowing a tightly regulated, inducible
expression by L-arabinose as described by Guzman et al. (Guzman, L.M.,
1995). The dhaKgene was amplified from C. freundii using the primers
dhaK_forl and dhaK_revl. The obtained 1659-nt sequence is shown in SEQ ID
NO: 27, the corresponding protein sequence in SEQ ID NO: 30. The
gel-purified Fragment of dhaK was inserted into the Swal-Ascl site of pDP
g, resulting in pDP_gd, which cotranscribes both gldA and dhaK. The primers
fucq _forl and fucq _revl were used to amplify the 1152-nt gene encoding
propanediol oxidoreductase (fucO) from E. coli (SEQ ID NO: 31), which was
ligated into the Avrll-Smal-site of pDP_gd, to obtain the plasmid pDP gdf
cotranscribing gldA, dhaK andfucO. The 468-bp fragment of mgsA encoding the
E. coli methylglyoxalsynthase as shown in SEQ ID NO: 32 was amplified from
E. coli using the primers mgsA_xhoI_for and mgsA_xhoI_rev and introduced in
sense-orientation into the Xhol-site to obtain pDP mgdf. The succession of
genes transcribed upon induction from plasmid pDP mgdf is thus as follows:
mgsA, gldA, dhaKfucO and lacZ-alpha,whereas the remaining LacZalpha-peptide
was used only for transcriptional studies in a suitable host strain (e.g.
DH5alpha). The nt sequence of the entire plasmid pDP mgdf is shown in SEQ
ID NO: 28. Genes dkgA and dkgB encoding multifunctional MG-reductase (SEQ
ID NO: 33) and 4-nitrobenzaldehyde reductase (SEQ ID NO: 34), respectively,
were 



amplified from E. coli using Taq-polymerase and the primers dkgB up and dkg
dw or dkgA up and dkgA dw . Purified PCR-products were introduced into
vector pCR2. 1 (Fig. 3b) by TA-cloning (Invitrogen). TABLE 1; Primers used
for PCR-amplification of genes to be cloned in pB2araJ or pCR2. 12.3
Deletion of activities encoded by gloA, gloB, rpoS, aldA, ldhA within E.
coli host strains Several techniques for specific gene-deletion are known
to those skilled in the art. These techniques comprise, but are not limited
to, gene disruption by modified group II introns (Karberg, M., 2001),
phage-recombinase mediated gene inactivation using PCR-amplified DNA
(Datsenko, K.A., 2000) (Ellis, E.H.,2001) (Yu, D., 2000) (Marx, and
Lidstrom, 2002) and introducing linear double stranded DNA homologous to
the gene of interest into host cells (Cunningham, R. P., et al. (1980)).
The technique preferentially used to introduce these genes into the strain
is electroporation, which is well known to those skilled in the art. In
this invention, homologous recombination of PCR-amplified DNA harbouring
selectable marker genes was used. Primers were specifically designed for
the genes of interest. Primer sequences are listed below. Successful
deletion of the gene of interest was verified by PCR-analysis and
DNA-sequencing. Denotation of deleted genes (1-6) and primers used for
generation of homologous linear DNA:1) Name: subunit of aldehyde
dehydrogenase A Gene: aldA Accession number: Ecogene: EG10035 Chromosomal
localisation: 1486256 => 1487695 Primer 1:
AACAATGTATTCACCGAAAACAAACATATAAATCACAGGAGTCGCCCATG (SEQ I D NO : 1 5 )
Primer 2 : GAGGAAAAAACCTCCGCCTCTTTCACTCATTAAGACTGTAAATAAACCAC (SEQ I D NO :
1 6 ) 2) Name: D-lactate dehydrogenase Gene: ldhA Accession number:
Ecogene: EG13186 Chromosomal localisation: 1440867 => 1439878 Primer 1:
CTCCCCTGGAATGCAGGGGAGCGGCAAGATTAAACCAGTTCGTTCGGGCA (SEQ I D NO : 1 7 )
Primer 2 : TATTTTTAGTAGCTTAAATGTGATTCAACATCACTGGAGAAAGTCTTATG (SEQ I D NO :
1 8 ) 3) Name: RNA polymerase, sigma S (sigma 38) factor Gene: rpoS
Accession number: Ecogene: EG10510 Chromosomal localisation: 2865573 =>
2864581 Primer 1: TGAGACTGGCCTTTCTGACAGATGCTTACTTACTCGCGGAACAGCGCTTC 



(SEQ I D NO : 1 9 ) Primer 2 :
CTTTTGCTTGAATGTTCCGTCAAGGGATCACGGGTAGGAGCCACCTTATG (SEQ I D NO : 2 0 )4)
Name: Glyoxylase I Gene: gloA Accession number: Ecogene: EG13421
Chromosomal localisation: 1725861 => 1726268 Primer 1:
TACTAAAACAACATTTTGAATCTGTTAGCCATTTTGAGGATAAAAAGATG (SEQ I D NO : 2 1 )
Primer 2 : GGCGCGATGAGTTCACGCCCGGCAGGAGATTAGTTGCCCAGACCGCGACC (SEQ I D NO :
2 2 ) 5) Name: Glyoxylase II Gene: gloB Accession number: Ecogene: EG13330
Chromosomal localisation: 234782 => 234027 Primer 1:
CGAACGGAGCCGATGACAAGAAAGTTTTATCAGAACCTATCTTTCTTTGA (SEQ I D NO : 2 3 )
Primer 2 : CTTGCCGGTTTCATCACAACCTTCCGTTTCACACTGAGAGGTAATCTATG (SEQ I D NO :
2 4 ) 6) Name: L-ribulokinase monomer Gene: arciB Accession number:
Ecogene: EG10053 Chromosomal localisation: 70048 => 68348 Primer 1:
AATTATCAAAAATCGTCATTATCGTGTCCTTATAGAGTCGCAACGGCCTG (SEQ I D NO : 2 5 )
Primer 2 : ACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGATGGAGTGAAACGATG (SEQ I D NO :
2 6 )EXAMPLE 3: 12-PD Production 3.1 Culturing of microorganisms in
crude-glycerol-minimal medium Utilisation of preparations of crude glycerol
(purity about 85 %) compared to essentially pure preparations of glycerol
(purity > 99%) by different microorganisms was investigated. A broad
variety of microorganims representig different taxa along with E. coli
MG1655 were grown at unregulated pH in minimal medium supplemented with
different amounts of pure and crude glycerol under oxic conditions. Tab. 2
and Tab. 3 demonstrate that no inhibitory effect on biomass production was
observed when crude preparation of glycerol instead of pure glycerol was
the sole source of carbon and energy. Furthermore, the amount of phosphate
in a defined minimal medium can be reduced by 70 % when crude glycerol
served as source for carbon and energy (Tab. 4). TABLE 2;
Biomass-production sustained by crude-glycerol preparations. Biomass
production was 



compared when pure (purity >99%) or crude preparations of glycerol served
as carbon source (10 g/1) for growth under oxic or anoxic condtions.
Strains representing different taxa isolated from environmental samples
were cutlivated in microtiterplates without agitation under atmospheric
conditions specified.TABLE 3; Comparison of biomass-production of E. coli
MG1655 obtained by crude- or pure preparations of glycerol. Biomass
production was compared when pure (purity >99%) or crude preparations of
glycerol served as carbon source for growth under oxic conditions at
unregulated pH. Strains were cutlivated in cultivation tubes under oxic
conditions 0 , average; stdev, standard deviation Biomass production
[OD580] substrate crude glycerol pure glycerol ]g/i] 0 stdv 0 stdv 0,63 0,3
0,09 0,5 0,09 1,25 0,6 0,16 0,6 0,00 2,5 1,0 0,16 1,2 0,00 10 4,7 0,10 5,0
0,33 20 5,9 0,41 6,0 0,75 40 7,1 1,84 5,7 0,82 TABLE 4; Potential of
impurities present in crude glycerol (10 g/1) to substitute for macro
elements of minimal medium. Biomass-production of is. coli MG1655 was
compared when pure (purity >99%) or crude preparations of glycerol served
as source for carbon and macro-elements for growth under oxic condtions at
unregulated pH. 0 , average; stdev, standard deviation Biomass production
[OD580] cultue broth crude glycerol pure glycerol devoid of 0 stdev 0 stdev
none 4,6 0,75 2,5 0,34 nitrogen 1,0 0,00 1,1 0,09 phosphate 3,2 0,75 1,2
0,16 sulfate 1,5 0,57 1,0 0,16 trace-elements 2,9 0,34 2,4 0,333.2
Constitution of a functional pathway yielding dihydroxyacetone yhosyhate
bypassing glycerol kinase and glyceraldehyde-3-phosphate dehydrogenase
Genes gldA from E. coli encoding glycerol dehydratase, dhaK from
Citrobacter freundii encoding dihydroxyacetone kinase (dhaK) and fucO from
E. coli encoding propanediol-oxidoreductase were cloned in plasmid pB2araJ
to give plasmid pDP gdf. Plasmid pDP mgdf additionally contains
methylglyoxal synthase from E. coli. According to known biochemical
pathways, propanediol oxidoreductase is not relevant for this example.
However, we tested plasmid pDP gdf and its derivative, pDP mgdf for
functional complementation of a glpKknock out, since these plasmids are
relevant for recombinant 1,2-PD production. The assay demonstrated that the
presence of plasmid pDP gdf or pDP mgdf relieved inhibition of growth in a
glpK-mutant of is. coli when glycerol was the sole carbon source (Tab. 5).
Thus, an inducible unregulated pathway independent of the endogenous route
to metabolise glycerol was established. The biomass finally obtained is
equal or even higher compared to growth of a control strain 



(DH5alphaDaraB) or when glucose is the substrate for growth. TABLE 5; An
araB-knockout of E. coli DH5alpha and derivatives thereof were cultivated
in minimal medium containing glucose or glycerol as carbon source at 10
g/1. The different strains were cultivated at 37C in cultivation tubes
under oxic conditions for 5 days. Biomass was determined as optical density
at 580 nm at the end of the expriment. Stdev, standard deviationBiomass
production Carbon source Genes inacitvated Plasmid Glucose Glycerol E.coli
strain pDP_ OD580 stdev OD580 stdev DH5alpha araB - - 3,7 - 2,0 0,1
DH5alpha araB glpK - 3,0 - 0,1 0,0 DH5alpha araB glpK gdf 2,7 - 4,5 0,2
DH5alpha araB glpK mgdf 5,6 0,2 5,5 0,3 3.3 Defining a minimal set of genes
indispensible for recombinant 1,2-PD production from glycerol An araB
mutant of E. coli DH5alpha was transformed with different plasmids
containing genes of interest listed in Table 6. The wild-type (control) and
recombinant strains were cultivated under oxic conditions in minimal medium
containing 10 g/1 crude glycerol for 3 - 5 days until the strains entered
stationary phase. Supernatants were analysed by GC-MS analysis for 1,2-PD
contents. Results are given in table 6.TABLE 6; 1,2-PD contents determined
in supernatants upon cultivation of E. coli strains in minimal medium
containing 10 g/1 of crude glycerol. 3.4 Exclusive production of the
1,2-isomer of propanediol by recombinant E.coli strains expressing glycerol
dehydrogenase, dihvdroxyacetone kinase, methylglyoxal synthase and
propanediol oxidoreductase encoded in a synthetic operon E. coli MGl 655
DaraB was transformed with or without plasmid pDP mgdf and cultivated in
minimal-medium containing 10 or 15 g/1 crude glycerol as carbon source.
Incubation was done under oxic conditions in cultivation tubes, or in
sealed glass vials without agitation (semi-anoxic conditions). E. coli MGl
655DaraB without plasmid was the control strain. Incubation period was 5
days, incubation temperature was 37C. At the end of the experiment, growth
was determined as optical density (OD580), and 1,2- or 1,3-PD levels were
determined by GC-MS analysis. Assays were done in duplicate. The results
(Tab. 7) demonstrate successful introduction of an engineered pathway that
enables E. coli to produce 1,2-PD from crude glycerol that produces
exclusively the 1,2-isomer of propanediol.TABLE 7; araB-knock out stains of
E. coli MG1655 were transformed with/without plasmid pDP mgdf and
cultivated in minimal medium containing crude glycerol as carbon source at
concentrations of 10 or 15 g/1. Cultivation was done at 37C under oxic and
semi-anoxic conditions. Biomass was determined as optical density at 580 nm
at the end of the experiment (5 days); 1,2-PD contents in the supernatant
were determined by GCMS 



analysis; 0, not detected, detection-limit 10 mg/1. 0 , average; stdev,
standard deviation substrate propanediol production 1,3-PD 1,2-PD [mg/1]
[mg/1] crude E. coli genes plasmids cultivation glycerol 0 stdev 0 stdev
strain inactivated [g/i] MG1655 araB none oxic 10 0 0 0 0 MG1655 araB none
oxic 15 0 0 0 0 MG1655 araB pDP mgdf oxic 10 203 5 0 0 MG1655 araB pDP mgdf
oxic 15 435 1 1 0 0 3.5 Toxicity ofmethylslvoxal to wild-type and mutant
strains of E. coli E. coli MG1655 wild-type or mutants inactivated in the
genes gloA and gloB, respectively, were cultivated in minimal-medium with
pure-glycerol (10 g/1) as source for carbon and energy containing different
amounts of methylglyoxal. Tests for methylglyoxal indicated a period of at
least 72 h of chemical stability. E. coli was cultivated in
microtiterplates without agitation at 37 0C under a humid atmosphere.
Growth was determined at OD580 48,5h after inoculation (Fig. 1; black bars,
E. coli MG1655 wild-type; grey bars, E. coli MG1655 gloA-mutant; hatched
bars, E. coli MGl 655 gloB-mutant). Inhibition of growth of the wild-type
strain was observed for extracellular concentration of methylglyoxal equal
or higher than 2,5 mM. The mutant strains were significantly more
sensitive, especially the glyoxylase I mutant (gloA), thus substantiating
our finding, thatgloA is a major drainage pathway for intracellular
methylglyoxal (see 4.6). The results furher demonstrate that elevated
levels of methylglyoxal inhibit growth of E. coli which is a basis for the
identification of phosphate-insensitive variants of
methylglyoxal-synthases. 3.6 Identification of major MG-withdrawing
activity E. coli MG1655 was inactivated (gene knockout) in the genes whose
gene products are involved in methylglyoxal (MG) metabolism, e.g.
detoxification of MG. The genes are listed in table 8. Wild-type and mutant
strains were cultivated in cultivation tubes under oxic conditions and
agitation until growth ceased. Levels of 1,2-PD in the bulk liquid were
determined by GC-MS analysis and compared to levels that were found when
glucose (negative control) was source for carbon and energy. When glycerol
was substrate for growth, a background level of about 20 mg/ml 1,2-PD was
detected. However, significantly elevated 1,2-PD levels were observed for
the gloA-mutant, solely. TABLE 8; Strains of E. coli MG1655 mutated in
genes involved in methylglyoxal metabolism were cultivated in minimal
medium containing glycerol or glucose (10 g/1). Cultivation was performed
under oxic conditions at 37C until growth ceased. Growth was determined as
optical density (OD580); Propanediol levels were determined by GC-MS
analysis. 0 , average; stdev, standard deviation3.7 Recombinant organisms
producing high levels of 1,2-PD E. coli MG1655 was inactivated (gene
knockout) in the genes araB, or in genes 



aldA and gloA. Corresponding mutants were transformed with plasmid pDP
mgdf. AraB-mutants harbouring plasmid pDP mgdf were additionally
transformed with plasmid pCR2.1 encoding genes conferring aldo-keto
reductase activity, e.g. dkgA or dkgB of is. coli. Cells were cultivated in
presence of crudeglycerol (15 g/1) under oxic or semi-anoxic conditions at
37C for 2 - 5 days or until optical density failed to increase further.
Supernatants were analysed for 1,2- PD content by GC-MS analysis (Tab.
9).TABLE 9; Mutant strains of E. coli MG1655 expressing glycerol-to-l,2-PD
converting genes were cultivated in minimal medium containing glycerol or
glucose (15 g/1). Cultivation was performed under oxic or semi-anoxic
conditions at 37C until growth ceased. Propanediol levels in supernatants
were determined by GC-MS analysis. 0 , average; stdev, standard
deviationRESULTS As shown in table 2 and 3, crude preparations of glycerol
can be utilised without further processing by a wide variety of organisms
not restricted to E. coli and close relatives. Biomass production obtained
by utilizing crude glycerol is equal to or higher when compared with pure
glycerol as carbon substrate. Thus, crude-glycerol substitutes for pure
preparations of glycerol in virtually any process that is based on the
fermentation of glycerol. As shown in table 4, impurities present in
crude-glycerol provide a source of phosphor sustaining substantial growth
of host cells. Thus, the amount of phosphor added to the culture broth can
be decreased by about 70%. As shown in table 6, propanediol oxidoreductase
activity is indispensible for the synthesis of 1,2-PD from glycerol. Host
cells that express glycerol-dehydrogenase do not produce 1,2-PD. Cells that
express glycerol-dehydrogenase and methylglyoxalsynthase but lacking
propanediol-oxidoreductase do not produce detectable amounts of 1,2-PD,
whereas additional presence of propanediol-oxidoreductase activity results
in significant 1,2-PD production. As shown in table 7, high titers of
1,2-PD are obtained from glycerol with recombinant strains coexpressing
methylglyoxal-synthase, glycerol-dehydrogenase, dihydroxyacetone-kinase and
propanediol-oxidoreductase under oxic conditions. The synthesis of
propanediol based on the present invention results in the synthesis of
exclusively the 1,2-isomerbut not the 1,3-isomer of propanediol. As shown
in table 8, inactivation of glyoxylase I activity encoded by gloA in E.
coli results in significant production of 1,2-PD from glycerol. Thus,
enzyme activitiy encoded by gloA is the major competing activity
interfering with high-level production of 1,2-PD in host ells.EMBODIMENTS
OF THE INVENTION 1. A host cell engineered to produce high levels of
1,2-propanediol when grown on glycerol as the sole carbon source. 2. A host
cell according to the preceding embodiment, wherein the glycerol has a
degree of purity of at least 70%, particularly of at least 75%,
particularly of at least 80%, particularly of at least 85%, particularly of
at least 90%, particularly of at least 95%, particularly of at least 99%
and up to 100%. 3. A host cell according to any of the preceding
embodiments, wherein the glycerol has a degree of purity of between 80% and
90%. 4. A host cell according to any of the preceding embodiments, wherein
the glycerol has a degree of purity of about 85%. 



5. A host cell according to any of the preceding embodiments, wherein the
glycerol is a crude glycerol preparation from biodiesel and/or bioethanol
production. 6. A host cell according to any of the preceding embodiments
wherein said host cell has been engineered through recombinant DNA
techniques. 7. A host cell according to any of the preceding embodiments,
particularly to embodiment 6, wherein said host cell has been engineered by
introducing a gene encoding a propanediol oxidoreductase activity (fucO).
8. A host cell according to embodiment 7, wherein said host cell has been
engineered by introducing at least one additional gene encoding an enzyme
activity selected from the group consisting of glycerol dehydrogenase
(gldA), dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA)
such as to express said activities along with the propanediol
oxidoreductase activity (fucO). 9. A host cell according to embodiment 7,
wherein said host cell has been engineered by introducing an additional
gene encoding a glycerol dehydrogenase such as to express said glycerol
dehydrogenase activity along with the propanediol oxidoreductase activity.
10. A host cell according to embodiment 7, wherein said host cell has been
engineered by introducing an additional gene encoding a dihydroxyacetone
kinase such as to express said dihydroxyacetone kinase activity along with
the propanediol oxidoreductase activity.11. A host cell according to
embodiment 7, wherein said host cell has been engineered by introducing an
additional gene encoding a methylglyoxalsynthase (mgsA) such as to express
said methylglyoxalsynthase activity along with the propanediol
oxidoreductase activity. 12. A host cell according to embodiment 7, wherein
said host cell has been engineered by introducing additional genes encoding
a glycerol dehydrogenase and a dihydroxyacetone kinase such as to express
said glycerol dehydrogenase and dihydroxyacetone kinase activities along
with the propanediol oxidoreductase activity. 13. A host cell according to
embodiment 7, wherein said host cell has been engineered by introducing
additional genes encoding a glycerol dehydrogenase and a
methylglyoxalsynthase such as to express said glycerol dehydrogenase and
methylglyoxalsynthase activities along with the propanediol oxidoreductase
activity. 14. A host cell according to embodiment 7, wherein said host cell
has been engineered by introducing additional genes encoding a
dihydroxyacetone kinase and a methylglyoxalsynthase such as to express said
dihydroxyacetone kinase and methylglyoxalsynthase activities along with the
propanediol oxidoreductase activity. 15. A host cell according to
embodiment 7, wherein said host cell has been engineered by introducing
additional genes encoding a glycerol dehydrogenase, a dihydroxyacetone
kinase and a methylglyoxalsynthase such as to express said glycerol
dehydrogenase, dihydroxyacetone kinase and methylglyoxalsynthase activities
along with the propanediol oxidoreductase activity. 16. A host cell
according to any of the preceding embodiments, particularly to embodiment
7, wherein said host cell has been engineered by introducing additional
genes encoding a glycerol dehydratase such as to express said glycerol 



dehydratase activity along with the propanediol oxidoreductase activity.
17. A host cell according to any of the preceding embodiments, particularly
to embodiment 7, wherein said host cell has been engineered by introducing
additional genes encoding an aldo-keto-reductase such as to express said
aldoketo- reductase activity along with the propanediol oxidoreductase
activity.18. A host cell according to embodiment 17, wherein said
aldo-keto-reductase activity is contributed by a gene selected from the
group consisting of dkgA, dkgB, yeaE and yghZ. 19. A host cell according to
any of the preceding embodiments, wherein said host cell is defective in
arabinose metabolism. 20. A host cell according to the preceding
embodiment, wherein said defect is due to a reduced or missing ribulose
kinase activity. 21. A host cell according to any of the preceding
embodiments, wherein said host cell is defective in the metabolism of
methylglyoxal. 22. A host cell according to the preceding embodiment,
wherein said defect is due to a reduced or missing enzyme activity selected
from the group consisting of glyoxylase system I, glyoxylase system II,
lactate dehydrogenase A, glyoxylase system III, aldehyde dehydrogenase A
activity, but particularly a glyoxylase system I activity. 23. A host cell
according to any of the preceding embodiments, wherein said host cell is
defective in the metabolism of dihydroxyacetonphosphate. 24. A host cell
according to the preceding embodiment, wherein said defect is due to a
reduced or missing triosephosphate isomerase activity. 25. A host cell
according to any of the preceding embodiments, which produces high levels
of 1,2-propanediol when grown on glycerol as the sole carbon source, but
essentially no 1,3 -propanediol. 26. A host cell according to any of the
preceding embodiments, which is a microbial or a fungal host cell. 27. A
microbial host cell according to embodiment 26, which is E. coli. 28. A
polynucleotide molecule comprising a synthetic operon under the control of
an inducible promoter, which operon comprises the genes encoding glycerol
dehydrogenase (gldA) and propanediol oxidoreductase (fucO). 29. A
polynucleotide molecule comprising a synthetic operon under the control of
an inducible promoter, which operon comprises the genes encoding glycerol
dehydrogenase (gldA), dihydroxyacetone kinase (dhaK) and propanediol
oxidoreductase (fucO). 30. A polynucleotide according to embodiment 29
wherein the synthetic operon is extended to further contain a gene encoding
methylglyoxal synthase (mgsA).31. A polynucleotide according to embodiment
29 and 30, wherein the genes encoding glycerol dehydrogenase (gldA);
propanediol oxidoreductase (fucO) and methylglyoxal synthase (mgsA),
respectively, are obtainable from E. coli and the gene encoding
dihydroxyacetone kinase (dhaK) is obtainable from Cfreundii. 32. A
polynucleotide according to any of the preceding embodiments, which is a
plasmid. 33. A polynucleotide according to any of the preceding embodiments
wherein the arrangement of the genes in the synthetic operon is
5'-mgsA-gldA-dahK-fucO-3'. 34. A polynucleotide according to any of the
preceding embodiments wherein the inducible promoter is an
arabinose-inducible promoter. 



35. A microorganism according to any of the preceding embodiments
comprising a polynucleotide according to anyone of embodiments 28 to 34.
36. A microorganism according to any of the preceding embodiments
comprising a phosphate-insentive mgsA gene, which is fully operable under
high phosphate concentrations, particularly under phosphate concentrations
higher than 0,7 mM in the cultivation medium or higher than 9,3e-05 in the
cytoplasm of the cell. 37. A method for the production of 1,2-propanediol
comprising growing a host cell according to any one of embodiments 1 to 27
in an appropriate growth medium containing a simple carbon source,
particularly a crude glycerol preparation, after which the 1,2-propanediol
produced are recovered and, optionally, purified. 38. A method according to
embodiment 37, comprising: i) culturing a host cell according to any one of
embodiments 1 to 27, which host cell overexpresses propanediol
oxidoreductase (fucO) activity, in a medium containing a non-fermentable
carbon substrate, whereby the carbon substrate is sustaining production of
biomass and serves as a substrate for production of 1,2 propanediol
(1,2-PD) at the same time, and the nonfermentable carbon source is
metabolized by the host cell into 1,2- propanediol; ii) recovering the
1,2-propanediol produced according to step i); and, optionally, iii)
purifying the recovered 1,2-propanediol.39. A method according to any of
the preceding embodiments, wherein said nonfermentable carbon substrate is
a crude glycerol preparation, particularly a preparation containing
glycerol with a purity of at least 70%, particularly of at least 75%,
particularly of at least 80%, particularly of at least 85%, particularly of
at least 90%, particularly of at least 95%, particularly of at least 99%
and up to 100%. 40. A method according to any of the preceding embodiments,
wherein the glycerol has a degree of purity of between 80% and 90%,
particularly of about 85%. 41. A method according to any of the preceding
embodiments, wherein the nonfermentable carbon substrate, particularly the
crude glycerol preparation is selectively metabolized to 1,2-propanediol.
42. A method according to any of the preceding embodiments, wherein a host
cell is used, which is engineered to overexpress propanediol oxidoreductase
(fucO). 43. A method according to any of the preceding embodiments, wherein
a host cell is used, which is engineered to co-express at least one enzyme
selected from the group consisting of glycerol dehydrogenase (gldA),
dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA) along with
the propanediol oxidoreductase (fucO) activity. 44. A method according to
any of the preceding embodiments, wherein a host cell is used, wherein at
least one enzyme activity involved in a non-productive pathway competing
with 1,2-PD production has been deactivated. 45. A method according to any
of the preceding embodiments, wherein a microbial mutant, particularly a
mutant of E. coli, is used, where one or more of the genes encoding
glyoxylase systems I and II (gloA and gloB), lactate dehydrogenase A
(ldhA), glyoxylase system III (indirectly by inactivation of the master
regulator rpoS), and aldehyde dehydrogenase have been deactivated. 



46. A method according to any of the preceding embodiments, wherein a
microbial mutant or strain, particularly an E. coli mutant, is used where
the gene encoding a gloA activity has been partially or fully inactivated:
47. A method according to any of the preceding embodiments, wherein a
microbial mutant or strain inactivated in arabinose metabolism is used.48.
A method according to any of the preceding embodiments, wherein an E.coli
strain is used as the host organism, particularly an E. coli strain MG1655
and DH5alpha, respectively. 49. A method according to any of the preceding
embodiments, wherein at least one of the genes encoding an enzyme activity
selected from the group consisting of glycerol dehydrogenase (gldA),
dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA) and
propanediol oxidoreductase (fucO) is under the control of an inducible
promoter, particularly an arabinose inducible promoter, particularly a
paraBAD promoter. 50. A method according to any of the preceding
embodiments, wherein a synthetic operon is used in the method according to
the invention to provide a host cell coexpressing at least one enzyme
activity selected from the group consisting of glycerol dehydrogenase
(gldA), dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA)
activity along with the propanediol oxidoreductase (fucO) activity. 51. A
method according to any of the preceding embodiments, wherein the genes
encoding the above activities are under control of an inducible promoter,
particularly an arabinose-inducible promoter, but especially a paraBAD
promoter. 52. A method according to any of the preceding embodiments,
wherein the succession of genes transcribed upon induction from said operon
is as follows: mgsA, gldA, dhaKJucO. 53. A method for the preparation of a
host cell that can be used in a method according to any one embodiments 37
to 52 for the production of 1,2-propanediol comprising transforming said
host cell with a polynucleotide according to any one of embodiments 27 to
33. 54. A method according to embodiment 53, wherein said host cell is a
microbial host cell, particularly E. coli. 55. A method according to
embodiment 53, wherein transformation is accomplished by electroporation.
56. A host cell produced by a method according to any one of embodiments 53
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has been engineered by introducing a gene encoding a propanediol
oxidoreductase activity. 4. A host cell according to claim 3 wherein said
host cell has been engineered by introducing at least one additional gene
encoding an enzyme activity selected from the group consisting of glycerol
dehydrogenase (gldA), dihydroxyacetone kinase (dhaK) and
methylglyoxalsynthase (mgsA) such as to express said activities along with
the propanediol oxidoreductase activity (fucO). 5. A host cell according to
claim 3, wherein said host cell has been engineered by introducing
additional genes encoding a glycerol dehydrogenase, a dihydroxyacetone
kinase and a methylglyoxalsynthase such as to express said glycerol
dehydrogenase, dihydroxyacetone kinase and methylglyoxalsynthase activities
along with the propanediol oxidoreductase activity. 6. A host cell
according to claim 3, wherein said host cell has been engineered by
introducing additional genes encoding a glycerol dehydratase such as to
express said glycerol dehydratase activity along with the propanediol
oxidoreductase activity. 7. A host cell according to claim 3, wherein said
host cell has been engineered by introducing additional genes encoding an
aldo-keto-reductase such as to express said aldo-keto-reductase activity
along with the propanediol oxidoreductase activity.8. A host cell according
to any of the preceding claims, wherein said host cell is defective in at
least the metabolism of compounds selected from the group consisting of: i)
arabinose ii) methylglyoxal. iii) dihydroxyacetonphosphate. 9. A host cell
according to any of the preceding claims, which produces high levels of
1,2-propanediol when grown on glycerol as the sole carbon source, but
essentially no 1,3 -propanediol. 10. A host cell according to claim 9,
which is E. coli. 11. A polynucleotide molecule comprising a synthetic
operon under the control of an inducible promoter, which operon comprises
the genes encoding glycerol dehydrogenase (gldA) and propanediol
oxidoreductase (fucO). 12. A polynucleotide molecule comprising a synthetic
operon under the control of an inducible promoter, which operon comprises
the gene encoding propanediol oxidoreductase (fucO) and at least one
additional gene encoding an enzyme protein selected from the group
consisting of glycerol dehydrogenase (gldA), dihydroxyacetone kinase (dhaK)
and methylglyoxalsynthase (mgsA). 13. A polynucleotide molecule according
to claim 12 comprising a synthetic operon under the control of an inducible
promoter, which operon comprises the genes encoding propanediol
oxidoreductase (fucO), glycerol dehydrogenase (gldA), dihydroxyacetone
kinase (dhaK) and methylglyoxalsynthase (mgsA). 14. A microorganism
according to any of the preceding claims comprising a polynucleotide
according to anyone of claims 11 to 13.15. A method for the production of
1,2-propanediol comprising growing a host cell according to any one of
claims 1 to 10 and 14 in an appropriate growth medium containing a simple
carbon source, particularly a crude glycerol preparation, after which the
1,2-propanediol produced are recovered and, optionally, purified. 




