
NOVEL COMPOUNDSAS INHIBITORS OF HEPATITIS C VIRUS NS3
SERINE PROTEASE Field of the Invention The present
invention relates to novel hepatitis C virus ("HCV")
protease inhibitors, pharmaceutical compositions
containing one or more such inhibitors, methods of
preparing such inhibitors and methods of using such
inhibitors to treat hepatitis C and related disorders.
This invention additionally discloses novel compounds
as inhibitors of the HCV NS3/NS4a serine protease.
This application claims priority from U.S. provisional
patent application Serial Number 60/548,507 filed
February 27, 2004. Background of the Invention
Hepatitis C virus (HCV) is a (+)-sense single-stranded
RNA virus that has been implicated as the major
causative agent in non-A, non-B hepatitis (NANBH),
particularly in blood-associated NANBH (BB-NANBH)
(see, International Patent Application Publication No.
WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be
distinguished from other types of viral-induced liver
disease, such as hepatitis A virus (HAV), hepatitis B
virus (HBV), delta hepatitis virus (HDV),
cytomegalovirus (CMV) and Epstein-Barr virus (EBV), as
well as from other forms of liver disease such as
alcoholism and primary biliar cirrhosis. Recently, an
HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and
expressed. (See, e.g., U.S. Patent No. 5,712,145).
This approximately 3000 amino acid polyprotein
contains, from the amino terminus to the carboxy
terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural
proteins (NS1, 2, 3, 4a, 5a and 5b). NS3 is an
approximately 68 kda protein, encoded by approximately
1893 nucleotides of the HCV genome, and has two
distinct domains: (a) a serine protease domain
consisting of approximately 200 of the N-terminal
amino acids; and (b) an RNA-dependent ATPase domain at
the Cterminus of the protein. The NS3 protease is
considered a member of thechymotrypsin family because
of similarities in protein sequence, overall
threedimensional structure and mechanism of catalysis.
Other chymotrypsin-like enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, tPA and
PSA. The HCV NS3 serine protease is responsible for
proteolysis of the 5 polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions
and is thus responsible for generating four viral
proteins during viral replication. This has made the
HCV NS3 serine protease an attractive target for
antiviral chemotherapy. The inventive compounds can
inhibit such protease. They also can modulate the
processing of hepatitis C 10 virus (HCV) polypeptide.
It has been determined that the NS4a protein, an
approximately 6 kda polypeptide, is a co-factor for
the serine protease activity of NS3. Autocleavage of
the NS3/NS4a junction by the NS3/NS4a serine protease
occurs intramolecularly (Le., cis) while the other
cleavage sites are processed 15 intermolecularlv
(i.e., trans). Analysis of the natural cleavage sites
for HCV protease revealed the presence of cysteine at
P1,and serine at P1' and that these residues are
strictly conserved in the NS4a/NS4b, NS4b/NS5a and
NS5a/NS5b junctions. The NS3/NS4a junction contains a
threonine at P1 and a serine at P1'. The 



20. Cys- Thr substitution at NS3/NS4a is postulated to
account for the requirement of cis rather than trans
processing at this junction. See, e.g., Pizzi et al.
(1994) Proc. Natl. Acad. Sci. (USA)
_9_l:888-892,Failla et al. (1996) Folding & Design
1:35-42. The NS3/NS4a cleavage site is also more
tolerant of mutagenesis than the other sites. See, ,,
Kollykhalov et al. 25 (1994) J. Virol. 68:7525-7533.
It has also been found that acidic residues in the
region upstream of the cleavage site are required for
efficient cleavage. See, g Komoda et al. (1994) J.
Virol. 68:7351-7357. Inhibitors of HCV protease that
have been reported include antioxidants (see,
International Patent Application Publication No. WO 30
98/14181), certain peptides and peptide analogs (see,
International Patent Application Publication No. WO
98/17679, Landro et al. (1997) Biochem. 36:9340-9348,
lngallinella eiaL (1998) Biochem. 37:8906-8914,
Llinas- Brunet et al. (1998) Bioorg. Med. Chem. Lett.
8:1713-1718), inhibitors basedon the 70-amino acid
polypeptide eglin c (Martin et al. (1998) Biochem.
37:1 1459-11468, inhibitors affinity selected from
human pancreatic secretory trypsin inhibitor
(hPSTI-C3) and minibody repertoires (MBip) (Dimasi et
al. (1997) J. Virol. 71:7461-7469), cVHE2 (a
"camelized" variable domain antibody fragment) (Martin
et al.(1997) Protein Enq. 10:607-614), and a1-
antichymotrypsin (ACT) (Elzouki et al.) (1997) J.
Hepat. 27:42-28). A ribozyme designed to selectively
destroy hepatitis C virus RNA has recently been
disclosed (see, BioWorld Today9(217) : 4 (November 10,
1998)). Reference is also made to the PCT
Publications, No. WO 98/17679, 10 published April 30,
1998 (Vertex Pharmaceuticals Incorporated); WO
98/22496, published May 28, 1998 (F. Hoffmann-La Roche
AG); and WO 99/07734, published February 18, 1999
(Boehringer lngelheim Canada Ltd.). HCV has been
implicated in cirrhosis of the liver and in induction
of hepatocellular carcinoma. The prognosis for
patients suffering from HCV 15 infection is currently
poor. HCV infection is more difficult to treat than
other forms of hepatitis due to the lack of immunity
or remission associated with HCV infection. Current
data indicates a less than 50% survival rate at four
:. years post cirrhosis diagnosis.. Patients diagnosed
with localized resectable 'hepatocellular carcinoma
have a five-year survival rate of 10-30%, whereas 20.
those with localized unresectable hepatocellular
carcinoma have a five-year survival rate of less than
1%. Reference is made to WO 00/59929 (US 6,608,027,
Assignee: Boehringer lngelheim (Canada) Ltd.;
Published October 12, 2000) which discloses peptide
derivatives of the formula: 25Reference is made to A.
Marchetti et a/, Synlett, S, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an
inhibitor of HCV NS3 protease. A compound disclosed
therein has the formula: Reference is also made to W.
Han et al, Bioorganic & Medicinal Chem. Lett, (2000)
.10,711-713, which describes the preparation of
certain a- ketoamides, a-ketoesters and a-diketones
containing ally! and ethyl functionalities. Reference
is also made to WO 00/09558 (Assignee: Boehringer
lngelheim Limited; Published February 24, 2000) which
discloses peptide derivatives of the formula: - 



where the various elements are defined therein. An
illustrative compound of that series is:Reference is
also made toWO 00/09543 (Assignee: Boehringer
lngelheim Limited; Published February 24, 2000) which
discloses peptide derivatives of the formula: where
the various elements are defined therein. An
illustrative compound of that series is:Reference is
also made to U.S. 6,608,027 (Boehringer Ingelheim,
Canada) which discloses NS3 protease inhibitors of the
type: wherein the various moieties are defined
therein. Current therapies for hepatitis C include
interferon- a (INF ) and combination therapy with
ribavirin and interferon. See, e.g.. Beremquer et al.
(1998) Proc. Assoc. Am. Physicians 110(2):98-112.
These therapies suffer from a low sustained response
rate and frequent side effects. See, e.g., Hoofnagle
et al. (1997) N. Engl. J. Med. 336:347. Currently, no
vaccine is available for HCV infection. Reference is
further made to WO 01/74768 (Assignee: Vertex
Pharmaceuticals Inc) published October 11, 2001 ,
which discloses certain compounds of the following
general formula (R is defined therein) as NS3- serine
protease inhibitors of Hepatitis C virus:A specific
compound disclosed in the afore-mentioned WO 01/74768
has the following formula: PCT Publications WO 01/771
13;WO 01/081325; WO 02/08198; WO 02/08256; WO
02/08187; WO 02/08244; WO 02/48172; WO 02/08251 ; and
pending U.S. patent application, Serial No.
10/052,386, filed January 18, 2002, disclose various
types of peptides and/or other compounds as NS-3
serine protease inhibitors of hepatitis C virus. The
disclosures of those applications are incorporated
herein by reference thereto. There is a need for new
treatments and therapies for HCV infection. There is a
need for compounds useful in the treatment or
prevention or amelioration of one or more symptoms of
hepatitis C, There is a need for methods of treatment
or prevention or amelioration of one or more symptoms
of hepatitis C. There is a need for methods for
modulating the activity of serine proteases,
particularly the HCV NS3/NS4a serine protease, using
the compounds provided herein. There is a need for
methods of modulating the processing of the HCV
polypeptide using the compounds provided
herein.Summary of the Invention In its many
embodiments, the present invention provides a novel
class of inhibitors of the HCV protease,
pharmaceutical compositions containing one or more of
the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds,
and methods of treatment or prevention of HCV or
amelioration of one or more of the symptoms of
hepatitis C using one or more such compounds or one or
more such formulations. Also provided are methods of
modulating the interaction of an HCV polypeptide with
HCV protease. Among the compounds provided herein,
compounds that inhibit HCV NS3/NS4a serine protease
activity are preferred. The present invention
discloses compounds, or enantiomers, stereoisomers,
rotamers, tautomers, diastereomers and racemates of
said compounds, or a pharmaceutically acceptable salt,
solvate or ester of said compounds, said compounds
having the having the general structure shown 



in structural Formula 1: Formula I wherein: R1 is H,
OR8, NR9R10, or CHR9R10, wherein R8, R9 and R10 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, NR9R10, SR,
SO2R, and halo; or A and M are connected to each other
such that the moiety:shown above in Formula I (i.e.,
M-L-E-A taken together) forms either a three, four,
six, seven or eight-membered cycloalkyl, a four to
eight-membered heterocyclyl, a six to ten-membered
aryl, or a five to ten-membered heteroaryl; E is C(H)
or C(R); L is C(H), C(R), CH2C(R), or C(R)CH2; R, R',
R2, and R3 can be the same or different, each being
independently selected from the group consisting of H,
alkyl-, alkenyl-, alkynyl-, cycloalkyl-, heteroalkyl-,
heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-,
(heterocyclyl)alkyl-, aryl-alkyl-, and
heteroaryl-alkyl-; or alternately R and R' in NRR' are
connected to each other such that NR9R10 forms a four
to eight-membered heterocyclyl; . Y is selected from
the following moieties: or wherein Y30 and Y31are
selected from T2 T3 T3  T2 T where u is a number 0-6;
X is selected from O, NR15, NC(O)R16, S, S(O) and SO2;
G is NH or O; and R15, R16, R17, R18, R19, T1, T2, T3
and T4 can be the same or different, each being
independently selected from the group consisting of H,
alkyl,heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
heteroalkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, and heteroarylalkyl, or
alternately, R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido,
alkyl, aryl, heteroaryl, alkylsulfonamido,
arylsulfonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy,
alkylureido, arylureido, halo, cyano, and nitro. The
above-noted statement "A and M are connected to each
other such that the moiety: shown above in Formula I
forms either a three, four, six, seven or
eightmembered cycloalkyl, a four to eight-membered
heterocyclyl, a six to tenmembered aryl, or a five to
ten-membered heteroaryl" can be illustrated in a
non-limiting matter as follows. Thus, for example, in
the case where A and M are connected such that the
moiety: 



shown above in Formula I forms a six -membered
cycloalkyl (cyclohexyl), Formula I can be depicted
as:One with ordinary skill in the art will appreciate
that similar depictions for Formula I can be arrived
at when A and M shown above in the moiety: (M-L-E-A
taken together) are connected to form a three, four,
seven or eightmembered cycloalkyl, a four to
eight-membered heterocyclyl, a six to tenmembered
aryl, or a five to ten-membered heteroaryl. In the
above-noted definitions of R, R , R2, and'R3 preferred
alkyl is made of one to ten carbon atoms, preferred
alkenyl or alkynyl is made of two to ten carbon atoms,
preferred cycloalkyl is made of three to eight carbon
atoms, and preferred heteroalkyl, heteroaryl or
heterocycloalkyl (heterocyclyl) has one to six oxygen,
nitrogen, sulfur, or phosphorus atoms. The compounds
represented by Formula I, by themselves or in
combination with one or more other suitable agents
disclosed herein, can be useful for treating diseases
such as, for example, HCV, HIV, AIDS (Acquired Immune
Deficiency Syndrome), and related disorders, as well
as for modulating the activity of hepatitis C virus
(HCV) protease, preventing HCV, or ameliorating one or
more symptoms of hepatitis C. Such modulation,
treatment, prevention or amelioration can be done with
the inventive compounds as well as with pharmaceutical
compositions or formulations comprising such
compounds. Without being limited to theory, it is
believed that the HCV protease may be the NS3 or NS4a
protease. The inventivecompounds can inhibit such
protease. They can also modulate the processing of
hepatitis C virus (HCV) polypeptide. Detailed
Description In an embodiment, the present invention
discloses compounds which are represented by
structural Formula 1 or a pharmaceutically acceptable
salt, solvate or ester thereof, wherein the various
moieties are as defined above. In another embodiment,
R1 is NR9R10, and R9 is H, R10 is H, or R14 wherein
R14 is H, alkyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, alkyl-aryl, alkylheteroaryl, aryl-alkyl,
alkenyl, alkynyl or heteroaryl-alkyl. In another
embodiment, R14 is selected from the group consisting
of:In another embodiment, R2 is selected from the
group consisting of the following moieties:= 0-3 In
another embodiment, R3 is selected from the group
consisting of: 0-4 Owherein R31 is OH or O-alkyl; and
R32 is H, C(O)CH3, C(O)OtBu or C(O)N(H)tBu. In an
additional embodiment, R3 is selected from the group
consisting of the following moieties:'0-4 31 CFo In
another embodiment, G is NH. In another embodiment, Y
is selected from the following moieties:wherein Y32 is
selected from the group consisting of: , and ' Y30 and
Y31is selected from wherein u is a number 0-6; and and
R>19a is selected from H, alkyl, phenyl or benzyl.In
another embodiment, Ti and T2 can be the same or
different, each being independently selected from the
group consisting of: wherein T5 and J can be the same
or different, each being independently selected from
the group consisting of alkyI, aryl, cycloalkyl, 



heteroaryl and heterocyclyl; or the moiety: taken
together represents and T3 and T4 can be the same or
different, each being independently selected from:or
T3 and T4 taken together may form part of a four t o
seven membered heterocyclic ring; in other words, the
moiety T3-N-C-T 4 may form part of a four to seven
membered heterocyclic ring. In another embodiment, the
moiety: is selected from the following structures:
ONOVEL COMPOUNDS AS INHIBITORS OF HEPATITIS C VIRUS
NS3 SERINE PROTEASE Field of the Invention The present
invention relates to novel hepatitis C virus ("HCV")
protease inhibitors, pharmaceutical compositions
containing one or more such inhibitors, methods of
preparing such inhibitors and methods of using such
inhibitors to treat hepatitis C and related disorders.
This invention additionally discloses novel compounds
as inhibitors of the HCV NS3/NS4a serine protease.
This application claims priority from U.S. provisional
patent application, Serial Number 60/548,535 filed
February 27, 2004. Background of the Invention
Hepatitis C virus (HCV) is a (+)-sense single-stranded
RNA virus that has been implicated as the major
causative agent in non-A, non-B hepatitis (NANBH),
particularly in blood-associated NANBH (BB-NANBH)
(see, International Patent Application Publication No.
WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be
distinguished from other types of viral-induced liver
disease, such as hepatitis A virus (HAV), hepatitis B
virus (HBV), delta hepatitis virus (HDV),
cytomegalovirus (CMV) and Epstein-Barr virus (EBV), as
well as from other forms of liver disease such as
alcoholism and primary biliar cirrhosis. Recently, an
HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and
expressed. (See, e.g., U.S. Patent No. 5,712,145).
This approximately 3000 amino acid polyprotein
contains, from the amino terminus to the carboxy
terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural
proteins (NS1, 2, 3, 4a, 5a and 5b). NS3 is an
approximately 68 kda protein, encoded by approximately
1893 nucleotides of the HCV genome, and has two
distinct domains: (a) a serine protease domain
consisting of approximately 200 of the N-terminal
amino acids; and (b) an RNA-dependent ATPase domain at
the Cterminus of the protein. The NS3 protease is
considered a member of thechymotrypsin family because
of similarities in protein sequence, overall
threedimensional structure and mechanism of catalysis.
Other chymotrypsin-like enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, tPA and
PSA. The HCV NS3 serine protease is responsible for
proteolysis of the polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions
and is thus responsible for generating four viral
proteins during viral replication. This has made the
HCV NS3 serine protease an attractive target for
antiviral chemotherapy. The inventive compounds can
inhibit such protease. They also can modulate the
processing of hepatitis C 



virus (HCV) polypeptide. It has been determined that
the NS4a protein, an approximately 6 kda polypeptide,
is a co-factor for the serine protease activity of
NS3. Autocleavage of the NS3/NS4a junction by the
NS3/NS4a serine protease occurs intramolecularly (Le.,
cis) while the other cleavage sites are processed
intermolecularly (Le11 trans). Analysis of the natural
cleavage sites for HCV protease revealed the presence
of cysteine at P1 and serine at P1' and that these
residues are strictly conserved in the NS4a/NS4b,
NS4b/NS5a and NS5a/NS5b junctions. The NS3/NS4a
junction contains a threonine at P1 and a serine at
P1'. The Cys- "Thr substitution at NS3/NS4a is
postulated to account for the requirement of cis
rather than trans processing at this junction. See,
e.g., Pizzi et_aL (1994) Proc. Natl. Acad. ScL (USA)
_9_l:888-892, Failla et al. (1996) Folding & Design
1:35-42. The NS3/NS4a cleavage site is also more
tolerant of mutagenesis than the other sites. See,
e.g. , Kollykhalov et al. (1994) J. Virol.
68:7525-7533. It has also been found that acidic
residues in the region upstream of the cleavage site
are required for efficient cleavage. See, g Komoda et
al. (1994) J. Virol. 68:7351-7357. Inhibitors of HCV
protease that have been reported include antioxidants
(see, International Patent Application Publication No.
WO 98/14181 ), certain peptides and peptide analogs
(see, International Patent Application Publication No.
WO 98/17679, Landro et al. (1997) Biochem.
36:9340-9348, lngallinella eia[. (1998) Biochem.
37:8906-8914, Llinas- Brunet et al. (1998) Bioorg.
Med. Chem. Lett. 8:1713-1718), inhibitors basedon the
70-amino acid polypeptide eglin c (Martin et al.
(1998) Biochem. 37:1 1459-1 1468, inhibitors affinity
selected from human pancreatic secretory trypsin
inhibitor (hPSTI-C3) and minibody repertoires (MBip)
(Dimasi et al. (1997) J. Virol. 71:7461-7469), cVHE2
(a "camelized" variable domain antibody fragment)
(Martin et al.(1997) Protein Eng. 10:607-614). and a1-
antichymotrypsin (ACT) (Elzouki et al.) (1997) J.
Hepat. 27:42-28). A ribozyme designed to selectively
destroy hepatitis C virus RNA has recently been
disclosed (see, BioWorld Today 9(217) : 4 (November
10, 1998)). Reference is also made to the PCT
Publications, No. WO 98/17679, published April 30,
1998 (Vertex Pharmaceuticals Incorporated); WO
98/22496, published May 28, 1998 (F. Hoffmann-La Roche
AG); and WO 99/07734, published February 18, 1999
(Boehringer lngelheim Canada Ltd.). HCV has been
implicated in cirrhosis of the liver and in induction
of hepatocellular carcinoma. The prognosis for
patients suffering from HCV infection is currently
poor. HCV infection is more difficult to treat than
other forms of hepatitis due to the lack of immunity
or remission associated with ,HCV infection. Current
data indicates a less than 50% survival rate at four
years post cirrhosis diagnosis. Patients diagnosed
with localized resectable hepatocellular carcinoma
have a five-year survival rate of 10-30%, whereas
those with localized unresectable hepatocellular
carcinoma have a five-year survival rate of less than
1%. Reference is made to WO 00/59929 (US 6,608,027,
Assignee: Boehringer lngelheim (Canada) Ltd.;
Published October 12, 2000) which discloses peptide
derivatives of the formula:Reference is made to A.
Marchetti et al, Synlett, Si, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an
inhibitor of HCV NS3 



protease. A compound disclosed therein has the
formula: Reference is also made to W. Han et al,
Bioorganic & Medicinal Chem. Lett, (2000) tO, 711-713,
which describes the preparation of certain a-
ketoamides, a-ketoesters and a-diketones containing
allyl and ethyl functionalities. Reference is also
made to WO 00/09558 (Assignee: Boehringer lngelheim
Limited; Published February 24, 2000) which discloses
peptide derivatives of the formula: where the various
elements are defined therein. An illustrative compound
of that series is:Reference is also made to WO
00/09543 (Assignee: Boehringer lngelheim Limited;
Published February 24, 2000) which discloses peptide
derivatives of the formula: where the various elements
are defined therein. An illustrative compound of that
series is:Reference is also made to U.S. 6,608,027
(Boehringer Ingelheim, Canada) which discloses NS3
protease inhibitors of the type: wherein the various
moieties are defined therein. Current therapies for
hepatitis C include interferon-a (INF ) and
combination therapy with ribavirin and interferon.
See, e.g., Beremguer et al. (1998) Proc. Assoc. Am.
Physicians 110(2):98-112. These therapies suffer from
a low sustained response rate and frequent side
effects. See, e.g., Hoofnagle et al. (1997) N. Engl.
J. Med. 336:347. Currently, no vaccine is available
for HCV infection. Reference is further made to WO
01/74768 (Assignee: Vertex Pharmaceuticals Inc)
published October 11, 2001 , which discloses certain
compounds of the following general formula (R is
defined therein) as NS3- serine protease inhibitors of
Hepatitis C virus:A specific compound disclosed in the
afore-mentioned WO 01/74768 has the following formula:
PCT Publications WO 01/771 13;WO 01/081325; WO
02/08198; WO 02/08256; WO 02/08187; WO 02/08244; WO
02/48172; WO 02/08251 ; and pending U.S. patent
application, Serial No. 10/052,386, filed January 18,
2002, disclose various types of peptides and/or other
compounds as NS-3 serine protease inhibitors of
hepatitis C virus. The disclosures of those
applications are incorporated herein by reference
thereto. There is a need for new treatments and
therapies for HCV infection. There is a need for
compounds useful in the treatment or prevention or
amelioration of one or more symptoms of hepatitis C.
There is a need for methods of treatment or prevention
or amelioration of one or more symptoms of hepatitis
C. There is a need for methods for modulating the
activity of serine proteases, particularly the HCV
NS3/NS4a serine protease, using the compounds provided
herein. There is a need for methods of modulating the
processing of the HCV polypeptide using the compounds
provided herein.Summary of the Invention In its many
embodiments, the present invention provides a novel
class of inhibitors of the HCV protease,
pharmaceutical compositions containing one or more of
the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds,
and methods of treatment or prevention of HCV or
amelioration of one or more of the 



symptoms of hepatitis C using one or more such
compounds or one or more such formulations. Also
provided are methods of modulating the interaction of
an HCV polypeptide with HCV protease. Among the
compounds provided herein, compounds that inhibit HCV
NS3/NS4a serine protease activity are preferred. The
present invention discloses compounds, or enantiomers,
stereoisomers, rotamers, tautomers, diastereomers or
racemates of said compounds, or a pharmaceutically
acceptable salt, solvate or ester of said compounds,
said compounds having the general structure shown in
structural Formula 1: Formula wherein: R1 is H OR8,
NR9R10, or CHR9R10, wherein R8, R9 and R10 can be the
same or different, each being independently selected
from the group consisting of H, alkyl-, alkenyl-,
alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R, and halo; or A and M are connected to
each other such that the moiety:shown above in Formula
I forms either a three, four, six, seven or
eightmembered cycloalkyl, a four to eight-membered
heterocyclyl, a six to tenmembered aryl, or a five to
ten-membered heteroaryl; E is C(H) or C(R); L is C(H),
C(R), CH2C(R), or C(R)CH2; R, R', R2, and R3 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, cycloalkyl-, heteroalkyl-,
heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-,
(heterocyclyl)alkyl-, aryl-alkyl-, and
heteroaryl-alkyl-; or alternately R and R' in NRR' are
connected to each other such that NRR' forms a four to
eight-membered heterocyclyl; and Y is selected from
the following moieties: or wherein G is NH or O; and
R15, R16, R17, R18,and R19 can be the same or
different, each being independently selected from the
group consisting of H, alkyl, heteroalkyl, alkenyl,
heteroalkenyl, alkynyl, heteroalkynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl, or alternately, (i) either R15 and
R16 are connected to each other to form a four to
eightmembered cyclic structure, or R15 and R19 are
connected to each other to form a four to
eight-membered cyclic structure, and (ii) likewise,
independently, R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy,
thio,alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido,
alkylsulfonamido, arylsulfonamido, alkyl, aryl,
heteroaryl, keto, carboxy, carbalkoxy, carboxamido,
alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido,
arylureido, halo, cyano, and nitro. The above-noted
statement "A and M are connected to each other such
that the moiety: membered cycloalkyl, a four to
eight-membered heterocyclyl, a six to tenmembered 



aryl, or a five to ten-membered heteroaryl" can be
illustrated in a non-limiting matter as follows. Thus,
for example, in the case where A and M are connected
such that the moiety: shown above in Formula I forms a
six -membered cycloalkyl (cyclohexyl), Formula I can
be depicted as: One with ordinary skill in the art
will appreciate that similar depictions for Formula I
can be arrived at when A and M shown above in the
moiety:are connected to form a three, four, seven or
eight-membered cycloalkyl, a four to eight-membered
heterocyclyl, a six to ten-membered aryl, or a five to
ten-membered heteroaryl. The statement above:
"alternately, (i) either R15 and R16 are connected to
each other to form a four to eight-membered cyclic
structure, or R15 and R19 are connected to each other
to form a four to eight-membered cyclic structure, and
(ii) likewise, independently, R17 and R18 are
connected to each other to form a three to
eight-membered cycloalkyl or heterocyclyl" means the
following possibilities: (i) that R15 and R16 are
connected to form a cyclic , structure while R15 and
R19 are not; (ii) that R15 and R19 are connected to
form a cyclic structure while R15 and R16 are not; and
that (iii) R17 and R18 are independently connected to
form a cyclic structure, irrespective of whether the
possibilities in (i) and (ii) exist or not. In the
above-noted definitions of R, R', R2, and R3 preferred
alkyl is made of one to ten carbon atoms, preferred
alkenyl or alkynyl is made of two to ten carbon atoms,
preferred cycloalkyl is made of three to eight carbon
atoms, and preferred heteroalkyl, heteroaryl or
heterocycloalkyl has one to six oxygen, nitrogen,
sulfur, or phosphorus atoms. The compounds represented
by Formula I, by themselves or in combination with one
or more other suitable agents disclosed herein, can be
useful for treating diseases such as, for example,
HCV, HIV, AIDS (Acquired Immune Deficiency Syndrome),
and related disorders, as well as for modulating the
activity of hepatitis C virus (HCV) protease,
preventing HCV, or ameliorating one or more symptoms
of hepatitis C. Such modulation, treatment, prevention
or amelioration can be done with the inventive
compounds as well as with pharmaceutical compositions
or formulations comprising such compounds. Without
being limited to theory, it is believed that the HCV
protease may be the NS3 or NS4a protease. The
inventive compounds can inhibit such protease. They
can also modulate the processing of hepatitis C virus
(HCV) polypeptide.Detailed Description In an
embodiment, the present invention discloses compounds
which are represented by structural Formula 1 or a
pharmaceutically acceptable salt, solvate or ester
thereof, wherein the various moieties are as defined
above. In another embodiment, R1 is NR9R10, and R9 is
H, R10 is H1or R14 wherein R14 is H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl,
alkylheteroaryl, aryl-alkyl, alkenyl, alkynyl or
heteroaryl-alkyl. In another embodiment, R14 is
selected from the group consisting of: In another
embodiment, R2 is selected from the group consisting
of the following moieties:CONTROL METHODFOR PROCESS OF
REMOVING PERMANGANATE REDUCING COMPOUNDS FROM METHANOL
CARBONYLATION PROCESS BACKGROUND OF THE INVENTION 1.
Field of the Invention 



This invention relates to an improved process for the
removal of permanganate reducing compounds and alkyl
iodides formed by the carbonylation of methanol in the
presence of a Group VIII metal carbonylation catalyst.
More specifically, this invention relates to an
improved process for reducing and/or removing
precursors of permanganate reducing compounds and
alkyl iodides from intermediate streams during the
formation of acetic acid by said carbonylation
processes. 2. Technical Background Among currently
employed processes for synthesizing acetic acid, one
of the most useful commercially is the catalyzed
carbonylation of methanol with carbon monoxide as
taught in U.S. Pat. No. 3,769,329 issued to Paulik et
al. on Oct. 30, 1973. The carbonylation catalyst
comprises rhodium, either dissolved or otherwise
dispersed in a liquid reaction medium or supported on
an inert solid, along with a halogen-containing
catalyst promoter as exemplified by methyl iodide. The
rhodium can be introduced into the reaction system in
any of many forms, and the exact nature of the rhodium
moiety within the active catalyst complex is
uncertain. Likewise, the nature of the halide promoter
is not critical. The patentees disclose a very large
number of suitable promoters, most of which are
organic iodides. Most typically and usefully, the
reaction is conducted by continuously bubbling carbon
monoxide gas through a liquid reaction medium in which
the catalyst is dissolved. An improvement in the prior
art process for the carbonylation of an alcohol to
produce the carboxylic acid having one carbon atom
more than the alcohol in the presence of a rhodium
catalyst is disclosed in commonly assigned U.S. Patent
Nos. 5,001,259, issued Mar. 19, 1991; 5,026,908,
issued Jun. 25, 1991; and 5,144,068, issued Sep. 1,
1992; and European Patent No. EP 0 161 874 B2,
published JuI. 1, 1992. As disclosed therein, acetic
acid is produced from methanol in a reaction medium
containing methyl acetate, methyl halide, especially
methyl iodide, and rhodium present in a catalytically
effective concentration. These patents disclose that
catalyst stability andthe productivity of the
carbonylation reactor can be maintained at
surprisingly high levels, even at very low water
concentrations, i.e. 4 weight percent or less, in the
reaction medium (despite the general industrial
practice of maintaining approximately 14-15 wt %
water) by maintaining in the reaction medium, along
with a catalytically effective amount of rhodium and
at least a finite concentration of water, a specified
concentration of iodide ions over and above the iodide
content which is present as methyl iodide or other
organic iodide. The iodide ion is present as a simple
salt, with lithium iodide being preferred. The patents
teach that the concentration of methyl acetate and
iodide salts are significant parameters in affecting
the rate of carbonylation of methanol to produce
acetic acid, especially at low reactor water
concentrations. By using relatively high
concentrations of the methyl acetate and iodide salt,
one obtains a surprising degree of catalyst stability
and reactor productivity even when the liquid reaction
medium contains water in concentrations as low as
about 0.1 wt %, so low that it can broadly be defined
simply as "a finite concentration" of water.
Furthermore, the reaction medium employed improves the
stability of the rhodium catalyst, i.e. resistance to
catalyst precipitation, especially during the product
recovery steps of the process. In these steps,
distillation for the purpose of recovering the acetic
acid product tends to remove from the catalyst the
carbon monoxide which in the environment maintained in
the reaction vessel, is a ligand with stabilizing
effect on the rhodium. U.S. Patent Nos. 5,001,259,
5,026,908 and 5,144,068 are herein incorporated by
reference. It has been found that although a low water
carbonylation process for producing acetic acid
reduces such by-products as carbon dioxide, hydrogen,
and propionic acid, the amount of other impurities,
present generally in trace amounts, is also increased,
and the quality of acetic acid sometimes suffers when
attempts are made to increase the production rate by
improving catalysts, or modifying reaction conditions.
These trace impurities affect quality of acetic acid,
especially when they are recirculated through the
reaction process. The impurities that decrease the
permanganate time of the acetic acid 



include carbonyl compounds and unsaturated carbonyl
compounds. As used herein, the phrase "carbonyl" is
intended to mean compounds that contain aldehyde or
ketone functional groups, which compounds may or may
not possess unsaturation. See Catalysis of Organic
Reaction, 75, 369-380 (1998), for further discussion
on impurities in a carbonylation process.The present
invention is directed to reducing and/or removing
permanganate reducing compounds (PRCs) such as
acetaldehyde, acetone, methyl ethyl ketone,
butyraldehyde, crotonaldehyde, 2-ethyl crotonaldehyde,
and 2-ethyl butyraldehyde and the like, and the aldol
condensation products thereof. The present invention
also leads to reduction of propionic acid. The
carbonyl impurities described above, such as
acetaldehyde, may react with iodide catalyst promoters
to form multi-carbon alkyl iodides, e.g., ethyl
iodide, butyl iodide, hexyl iodide and the like. It is
desirable to remove alkyl iodides from the reaction
product because even small amounts of these impurities
in the acetic acid product tend to poison the catalyst
used in the production of vinyl acetate, the product
most commonly produced from acetic acid. The present
invention is thus also directed to removal of alkyl
iodides, in particular C2-12 alkyl iodide compounds.
Accordingly, because many impurities originate with
acetaldehyde, it is a primary objective to remove or
reduce the acetaldehyde and alkyl iodide content in
the process. Conventional techniques to remove
impurities include treating the acetic acid product
with oxidizers, ozone, water, methanol,
activated-carbon, amines, and the like, which
treatment may or may not be combined with distillation
of the acetic acid. The most typical purification
treatment involves a series of distillations of the
final product. It is also known, for example from U.S.
Patent No. 5,783,731, to remove carbonyl impurities
from organic streams by treating the organic streams
with an amine compound such as hydroxylamine, which
reacts with the carbonyl compounds to form oximes,
followed by distillation to separate the purified
organic product from the oxime reaction products.
However, the additional treatment of the final product
adds cost to the process, and distillation of the
treated acetic acid product can result in additional
impurities being formed. While it is possible to
obtain acetic acid of relatively high purity, the
acetic acid product formed by the low-water
carbonylation process and purification treatment
described above frequently remains somewhat deficient
with respect to the permanganate time due to the
presence of small proportions of residual impurities.
Since a sufficient permanganate time is an important
commercial test, which the acid product must meet to
be suitable for many uses, the presence of impurities
that decrease permanganate time is objectionable.
Moreover, it is not economically or commercially
feasible to remove minute quantities of these
impurities from the acetic acid bydistillation because
some of the impurities have boiling points close to
that of the acetic acid product. It has thus become
important to identify economically viable methods of
removing impurities elsewhere in the carbonylation
process without contaminating the final product or
adding unnecessary costs. U.S. Patent No. 5,756,836,
incorporated herein by reference, discloses a method
for manufacturing high purity acetic acid by adjusting
the acetaldehyde concentration of the reaction
solution below 1500 ppm. It is stated that by
maintaining the acetaldehyde concentration below this
threshold, it is possible to suppress the formation of
impurities such that one need only distill the crude
acetic acid product to obtain high purity acetic acid.
European Patent No. EP 0 487 284 Bl, published April
12, 1995, discloses that carbonyl impurities present
in the acetic acid product generally concentrate in
the overhead from the light ends column. Accordingly,
the light ends column overhead is treated with an
amine compound (such as hydroxylamine), which reacts
with the carbonyl compounds to form oxime derivatives
that can be separated from the remaining overhead by
distillation, resulting in an acetic acid product with
improved permanganate time. European Patent
Application No. EP 0 687 662 A2 and U.S. Patent No.
5,625,095 describe a process for producing high purity
acetic acid in which an acetaldehyde concentration of
400 ppm or less is maintained in the reactor by using
a single or multi-stage distillation process to remove



acetaldehyde. Streams suggested for processing to
remove acetaldehyde include a light phase containing
primarily water, acetic acid and methyl acetate; a
heavy phase containing primarily methyl iodide, methyl
acetate and acetic acid; an overhead stream containing
primarily methyl iodide and methyl acetate; or a
recirculating stream formed by combining the light and
heavy phase. These references do not identify which of
these streams possesses the greatest concentration of
acetaldehyde. EP 0 687 662A2 and U.S. Patent No.
5,625,095 also disclose management of reaction
conditions to control the formation of acetaldehyde in
the reactor. Although it is stated that formation of
by-products such as crotonaldehyde,
2-ethylcrotonaldehyde, and alkyl iodides is reduced by
controlling the formation of acetaldehyde, it is also
pointed out that management ofreaction conditions as
proposed increases the formation of propionic acid, an
undesirable by product. More recently, it has been
disclosed in commonly assigned U.S. Patent Nos.
6,143,930 and 6,339,171 that it is possible to
significantly reduce the undesirable impurities in the
acetic acid product by performing a multi-stage
purification on the light ends column overhead. These
patents disclose a purification process in which the
light ends overhead is distilled twice, in each case
taking the acetaldehyde overhead and returning a
methyl iodide rich residuum to the reactor. The
acetaldehyde-rich distillate is extracted with water
to remove the majority of the acetaldehyde for
disposal, leaving a significantly lower acetaldehyde
concentration in the raffinate that is recycled to the
reactor. U.S. Patent Nos. 6,143,930 and 6,339,171 are
incorporated herein by reference in their entirety.
While the above-described processes have been
successful in removing carbonyl impurities from the
carbonylation system and for the most part controlling
acetaldehyde levels and permanganate time problems in
the final acetic acid product, further improvements
can still be made. Accordingly, there remains a need
for alternative solutions to this problem to improve
the efficiency and cost effectiveness of acetaldehyde
removal. The present invention provides one such
alternative solution. SUMMARY OF THE INVENTION In one
aspect, the present invention provides a process for
separating acetaldehyde from methyl iodide by
distillation. The method includes the steps of
distilling a mixture containing methyl iodide and
acetaldehyde in a distillation apparatus to produce an
overhead and a residuum; measuring the density of the
overhead; and adjusting at least one process variable
associated with said distillation apparatus in
response to the measured density or a relative
concentration calculated therefrom, where the process
variable is selected from heating rate, column
pressure, feed composition, reflux composition and
reflux ratio. In another aspect, the present invention
provides a process for separating acetaldehyde from
methyl iodide. The method includes the steps of
distilling a mixture containing methyl iodide and
acetaldehyde in a distillation apparatus to produce an
overhead and a residuum; extracting theoverhead with
water to provide an aqueous extract and a raffinate;
measuring the density of at least one of the overhead,
the extract and the raffinate; and adjusting at least
one process variable associated with the distillation
apparatus or the extraction step in response to the
measured density or a relative concentration
calculated therefrom. The adjusted process variable is
selected from the group consisting of column heating
rate, column pressure, feed composition, reflux
composition, and reflux ratio in the distillation
apparatus, and water feed rate to the extractor. In
still another aspect, the present invention provides a
process for producing acetic acid. The process
includes the following steps: reacting methanol with
carbon monoxide in a reaction medium containing water
and methyl iodide in the presence of a catalyst;
separating the reaction medium into a vapor phase
containing acetic acid, methyl iodide, acetaldehyde
and water and a liquid phase; distilling the vapor
phase to produce a purified acetic acid product and a
first overhead containing methyl iodide and
acetaldehyde; condensing the first overhead and
extracting it with 



water to produce an aqueous extract and a raffinate
containing methyl iodide; measuring the density of at
least one of the first overhead, the aqueous extract
and the raffinate; and adjusting at least one process
control parameter associated with the distillation or
extraction of the second overhead based on the
measured density or on a relative concentration of
acetaldehyde or methyl iodide calculated therefrom.
BRIEF DESCRIPTIONOF THE DRAWINGS FIG. 1 illustrates
the prior art process, as disclosed in U.S. Patent No.
6,339,171, for the removal of carbonyl impurities from
an intermediate stream of the carbonylation process
for the production of acetic acid by a carbonylation
reaction. FIGS. 2-4 illustrate preferred embodiments
of the present invention in which a densitometer is
located on a stream having the same composition as the
overhead from the second distillation column. FIG. 5
illustrates correlations between the measured density
of overhead stream 54 and the respective
concentrations of acetaldehyde and methyl iodide in
that stream. While the invention is susceptible to
various modifications and alternative forms, specific
embodiments have been shown by way of example in the
drawings and will be described in detail herein. It
should be understood, however, that the invention is
not intended to be limited to theparticular forms
disclosed. Rather, the invention is intended to cover
all modifications, equivalents and alternatives
falling within the scope of the invention as defined
by the appended claims. DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS Illustrative embodiments of the invention
are described below. In the interest of clarity, not
all features of an actual implementation .are
described in this specification. It will of course be
appreciated that in the development of any such actual
embodiment, numerous implementationspecific decisions
must be made to achieve the developers' specific
goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, it will be
appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be
a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure. The
purification process of the present invention is
useful in any process used to carbonylate methanol to
acetic acid in the presence of a Group VI metal
catalyst such as rhodium and an iodide promoter. A
particularly useful process is the low water
rhodium-catalyzed carbonylation of methanol to acetic
acid as exemplified in U.S. Patent No. 5,001,259.
Generally, the rhodium component of the catalyst
system is believed to be present in the form of a
coordination compound of rhodium with a halogen
component providing at least one of the ligands of
such coordination compound. In addition to the
coordination of rhodium and halogen, it is also
believed that carbon monoxide coordinates with
rhodium. The rhodium component of the catalyst system
may be provided by introducing into the reaction zone
rhodium in the form of rhodium metal, rhodium salts
such as the oxides, acetates, iodides, etc., or other
coordination compounds of rhodium, and the like. The
halogen-promoting component of the catalyst system
consists of a halogen compound comprising an organic
halide. Thus, alkyl, aryl, and substituted alkyl or
aryl halides can be used. Preferably, the halide
promoter is present in the form of an alkyl halide in
which the alkyl radical corresponds to the alkyl
radical of the feed alcohol, which is carbonylated.
Thus, in the carbonylation of methanol to acetic acid,
the halide promoter will comprise methyl halide, and
more preferably methyl iodide. The liquid reaction
medium employed may include any solvent compatible
with the catalyst system and may include pure
alcohols, or mixtures of the alcohol feedstock and/or
the desiredcarboxylic acid and/or esters of these two
compounds. The preferred solvent and liquid reaction
medium for the low water carbonylation process
comprises the carboxylic acid product. Thus, in the
carbonylation of methanol to acetic acid, the
preferred solvent is acetic acid. Water is contained
in the reaction medium but at concentrations well
below that which has 



heretofore been thought practical for achieving
sufficient reaction rates. It has previously been
taught that in rhodium-catalyzed carbonylation
reactions of the type set forth in this invention, the
addition of water exerts a beneficial effect upon the
reaction rate (U.S. Patent No. 3,769,329). Thus most
commercial operations run at water concentrations of
at least about 14 wt %. Accordingly, it is quite
unexpected that reaction rates substantially equal to
and above reaction rates obtained with such high
levels of water concentration can be achieved with
water concentrations below 14 wt % and as low as about
0.1 wt %. In accordance with the carbonylation process
most useful to manufacture acetic acid according to
the present invention, the desired reaction rates are
obtained even at low water concentrations by including
in the reaction medium methyl acetate and an
additional iodide ion which is over and above the
iodide which is present as a catalyst promoter such as
methyl iodide or other organic iodide. The additional
iodide promoter is an iodide salt, with lithium iodide
being preferred. It has been found that under low
water concentrations, methyl acetate and lithium
iodide act as rate promoters only when relatively high
concentrations of each of these components are present
and that the promotion is higher when both of these
components are present simultaneously (U.S. Patent No.
5,001,259). The concentration of lithium iodide used
in the reaction medium of the preferred carbonylation
reaction system is believed to be quite high as
compared with what little prior art there is dealing
with the use of halide salts in reaction systems of
this sort. The absolute concentration of iodide ion
content is not a limitation on the usefulness of the
present invention. The carbonylation reaction of
methanol to acetic acid product may be carried out by
contacting the methanol feed, which is in the liquid
phase, with gaseous carbon monoxide bubbled through a
liquid acetic acid solvent reaction medium containing
the rhodium catalyst, methyl iodide promoter, methyl
acetate, and additional soluble iodide salt, at
conditions of temperature and pressure suitable to
form the carbonylation product. It will be generally
recognized that it is the concentration of iodide ion
in the catalyst system that is important and not the
cation associated with the iodide, and that at a given
molar concentration of iodide the nature of the cation
is not assignificant as the effect of the iodide
concentration. Any metal iodide salt, or any iodide
salt of any organic cation, or quaternary cation such
as a quaternary amine or phosphine or inorganic cation
can be used provided that the salt is sufficiently
soluble in the reaction medium to provide the desired
level of the iodide. When the iodide is added as a
metal salt, preferably it is an iodide salt of a
member of the group consisting of the metals of Group
IA and Group HA of the periodic table as set forth in
the "Handbook of Chemistry and Physics" published by
CRC Press, Cleveland, Ohio, 1975-76 (56th edition). In
particular, alkali metal iodides are useful, with
lithium iodide being preferred. In the low water
carbonylation process most useful in this invention,
the additional iodide over and above the organic
iodide promoter is present in the catalyst solution in
amounts of from about 2 to about 20 wt %, the methyl
acetate is present in amounts of from about 0.5 to
about 30 wt %, and the lithium iodide is present in
amounts of from about 5 to about 20 wt %. The rhodium
catalyst is present in amounts of from about 200 to
about 2000 parts per million (ppm). Typical reaction
temperatures for carbonylation will be approximately
150 to about 2500C, with the temperature range of
about 180 to about 2200C being the preferred range.
The carbon monoxide partial pressure in the reactor
can vary widely but is typically about 2 to about 30
atmospheres, and preferably, about 3 to about 10
atmospheres. Because of the partial pressure of
by-products and the vapor pressure of the contained
liquids, the total reactor pressure will range from
about 15 to about 40 atmospheres. A typical reaction
and acetic acid recovery system that is used for the
iodide-promoted rhodium catalyzed carbonylation of
methanol to acetic acid is shown in FIG. 1 and
comprises a carbonylation reactor, flasher, and a
methyl iodide acetic acid light ends column 14 which
has an acetic acid side stream 17 which proceeds to
further purification. The reactor and flasher are not
shown in FIG. 1. These are considered standard
equipment now well known in the carbonylation 



process art. The carbonylation reactor is typically
either a stirred vessel or bubble column type within
which the reacting liquid or slurry contents are
maintained automatically at a constant level. Into
this reactor there are continuously introduced fresh
methanol, carbon monoxide, sufficient water as needed
to maintain at least a finite concentration of water
in the reaction medium, recycled catalyst solution
from the flasher base, a recycled methyl iodide and
methyl acetate phase, and a recycled aqueous acetic
acid phase from an overhead receiver decanter of the
methyl iodide acetic acid light ends or splitter
column 14. Distillation systems are employed that
provide means forrecovering the crude acetic acid and
recycling catalyst solution, methyl iodide, and methyl
acetate to the reactor. In a preferred process, carbon
monoxide is continuously introduced into the
carbonylation reactor just below the agitator, which
is used to stir the contents. The gaseous feed is
thoroughly dispersed through the reacting liquid by
this stirring means. A gaseous purge stream is vented
from the reactor to prevent buildup of gaseous
by-products and to maintain a set carbon monoxide
partial pressure at a given total reactor pressure.
The temperature of the reactor is controlled and the
carbon monoxide feed is introduced at a rate
sufficient to maintain the desired total reactor
pressure. Liquid product is drawn off from the
carbonylation reactor at a rate sufficient to maintain
a constant level therein and is introduced to the
flasher. In the flasher the catalyst solution is
withdrawn as a base stream (predominantly acetic acid
containing the rhodium and the iodide salt along with
lesser quantities of methyl acetate, methyl iodide,
and water), while the vapor overhead stream of the
flasher comprises largely the product acetic acid
along with methyl iodide, methyl acetate, and water.
Dissolved gases exiting the reactor and entering the
flasher consist of a portion of the carbon monoxide
along with gaseous by products such as methane,
hydrogen, and carbon dioxide and exit the flasher as
part of the overhead stream. The overhead stream is
directed to the light ends or splitter column 14 as
stream 26. It has been disclosed in U.S. Patent Nos.
6,143,930 and 6,339,171 that there is a higher
concentration, about 3 times, of the PRCs and in
particular acetaldehyde content in the light phase
than in the heavy phase stream exiting column 14.
Thus, in accordance with the present invention, stream
28, containing PRCs is directed to an overhead
receiver decanter 16 where the light ends phase,
stream 30, is directed to distillation column 18. The
present invention may broadly be considered as a
method of removing PRCs, primarily aldehydes and alkyl
iodides, from a vapor phase acetic acid stream. The
vapor phase stream is distilled and extracted to
remove PRCs. An exemplary method of removing aldehydes
and alkyl iodides and reducing levels of propionic
acid, from a first vapor phase acetic acid stream
includes the following steps: a) condensing the first
vapor phase acetic acid stream in a first condenser
and biphasically separating it to form a first heavy
liquid phase product and a first light liquid phase
product;b) distilling the light liquid phase product
in a first distillation column to form a second vapor
phase acetic acid product stream which is enriched
with aldehydes and alkyl iodides with respect to the
first vapor phase acetic acid stream; c) condensing
the second vapor phase stream in a second condenser to
form a second liquid phase product; d) distilling the
second liquid phase product in a second distillation
column to reduce and/or remove the alkyl iodide,
aldehyde, and propionic acid impurities in the first
vapor phase acetic acid stream into an overhead
aldehyde and alkyl iodide stream; and e) measuring the
density of the overhead stream, optionally calculating
therefrom the relative concentrations of acetaldehyde
and methyl iodide, and controlling the operation of
the second distillation column based on the measured
density or the concentrations calculated therefrom. An
embodiment of the prior art as disclosed in U.S.
Patent No. 6,339,171 is shown in FIG. 1. Referring to
FIG. 1, the first vapor phase acetic acid stream (28)
contains methyl iodide, methyl 



acetate, acetaldehyde and other carbonyl components.
This stream is then condensed and separated (in vessel
16) to separate the heavy phase product containing the
larger proportion of catalytic components-which is
recirculated to the reactor (not shown in FIG. 1), and
a light phase (30) containing acetaldehyde, water, and
acetic acid. Either phase of the light ends overhead
may be subsequently distilled to remove the PRCs and
primarily the acetaldehyde component of the stream,
although it is preferred to remove PRCs from the light
phase (30) because it has been found that the
concentration of acetaldehyde is somewhat greater in
that phase. In the embodiment depicted and described
herein, the distillation is carried out in two stages;
but it will be appreciated that the distillation may
be performed in a single column as well. The light
phase (30) is directed to column 18, which serves to
form a second vapor phase (36) enriched in aldehydes
and alkyl iodides with respect to stream 28. Steam 36
is condensed (vessel 20) to form a second liquid phase
product. The second liquid phase (40) containing
acetaldehyde, methyl iodide, methanol, and methyl
acetate is directed to a second distillation column
(22) wherein the acetaldehyde is separated from the
other components. This process has been found to
reduce and/or remove at least 50% of the alkyl iodide
impurities found in an acetic acid stream. It has also
been shown that acetaldehyde and its derivatives are
reduced and/orremoved by at least 50%, most often
greater than 60%. As a result, it is possible to keep
the concentration of propionic acid in the acetic acid
product below about 400 parts per million by weight,
preferably below about 250 parts per million. From the
top of the light ends or splitter column, 14, vapors
are removed via stream 28, condensed, and directed to
vessel 16. The vapors are chilled to a temperature
sufficient to condense and separate the condensable
methyl iodide, methyl acetate, acetaldehyde and other
carbonyl components, and water into two phases. A
portion of stream 28 comprises noncondensable gases
such as carbon dioxide, hydrogen, and the like and can
be vented as shown in stream 29 on FIG. 1. Also
leaving overhead receiver decanter 16, but not
illustrated in FIG. 1, is the heavy phase of stream
28. Ordinarily this heavy phase is recirculated to the
reactor, but a slip stream, generally a small amount,
e.g., 25 vol. %, preferably less than about 20 vol. %,
of the heavy phase may also be directed to a carbonyl
treatment process and the remainder recycled to the
reactor or reaction system. This slip stream of the
heavy phase may be treated individually or combined
with the light phase (stream 30) for further
distillation and extraction of carbonyl impurities.
The light phase (stream 30) is directed to
distillation column 18. A portion of stream 30 is
directed back to the light ends column 14 as reflux
stream 34. The remainder of stream 30 enters column 18
as stream 32 in about the middle of the column. Column
18 serves to concentrate the aldehyde components of
stream 32 into overhead stream 36 by separating water
and acetic acid from the lighter components. Stream 32
is distilled in first distillation column 18, which
preferably contains approximately 40 trays, and
temperature ranges therein from about 283F (139.4C) at
the bottom to about 191F (88.3C) at the top of the
column. Exiting the bottom of 18 is stream 38
containing approximately 70% water and 30% acetic
acid. Stream 38 is processed, generally cooled
utilizing a heat exchanger, is recycled to the light
ends column overhead decanter 16 via streams 46, 48
and ultimately to the reactor or reaction system. It
has been found that recycling a portion of stream 38
identified as stream 46 back through decanter 16
increases efficiency of the inventive process and
allows for more acetaldehyde to be present in the
light phase, stream 32. Stream 36 has been found to
have approximately seven times more aldehyde content
when stream 38 is recycled through decanter 16 in this
manner. Exiting the top of column 18 is stream 36
containing PRCs and in particular acetaldehyde, methyl
iodide, methyl acetate, and methanol, and alkyl
iodides.Stream 36 is then directed to an overhead
receiver 20 after it has been chilled to condense any
condensable gases present. Exiting overhead receiver
20 is stream 40 containing acetaldehyde, methyl
iodide, methyl acetate, and methanol. A portion of
stream 40 is returned to column 18 as reflux stream
42. The remainder of stream 40 enters second
distillation column 22 close to the bottom of the
column. 



Column 22 serves to separate the majority of the
acetaldehyde from the methyl iodide, methyl acetate,
and methanol in stream 40. In one embodiment, column
22 contains about 100 trays and is operated at a
temperature ranging from about 224F (106.60C) at the
bottom to about 1750F (79.4C) at the top. In an
alternate, preferred embodiment, column 22 contains
structured packing in place of trays. The preferred
packing is a structured packing with an interfacial
area of about 65 ft2/ft 3, preferably made from a
metallic alloy like 2205 or other like packing
material, provided it is compatible with the
compositions to be purified in the column. It was
observed during experimentation that uniform column
loading, which is required for good separation, was
better with structured packing than with trays.
Alternatively, ceramic packing may be employed. The
residue of column 22, stream 44, exits at the bottom
of the column and is recycled to the carbonylation
process. It will be apparent to persons of ordinary
skill that the separations performed in distillation
columns 18 and 22 could also be carried out using a
single distillation column. Acetaldehyde polymerizes
in the presence of methyl iodide to form metaldehyde
and paraldehyde. These polymers generally are low
molecular weight, less than about 200. Paraldehyde has
been found to be relatively soluble in the reaction
liquid, and primarily in acetic acid. Metaldehyde,
upon its precipitation, is a sand-like, granular
polymer that is not soluble in the reaction liquid
beyond about 3 wt %concentration. As disclosed in U.S.
Patent No. 6,339,171, however, it has been discovered
that during the reaction, and with the heating of
column 22, higher molecular weight polymers of
acetaldehyde form. These higher molecular weight
polymers (molecular weight greater than about 1000)
are believed to form during processing of the light
phase and are viscous and thixotropic. As heat is
applied to the system, they tend to harden and adhere
to the walls of the tower where their removal is
cumbersome. Once polymerized, they are only slightly
soluble in organic or aqueous solvents and can be
removed from the system only by mechanical means. Thus
an inhibitor is needed, preferablyin column 22, to
reduce the formation of these impurities, i.e.,
metaldehyde and paraldehyde and higher molecular
weight polymers of acetaldehyde (AcH). Inhibitors
generally consist of C1-10 alkanols, preferably
methanol; water; acetic acid and the like used
individually or in combination with each other or with
one or more other inhibitors. Stream 46, which is a
portion of column 18 residue and a slip stream of
stream 38, contains water and acetic acid and hence
can serve as an inhibitor. As shown in FIG. 1, stream
46 splits to form streams 48 and 50. Stream 50 is
added to column 22 to inhibit formation of metaldehyde
and paraldehyde impurities and higher molecular weight
polymers. Since the residue of second column 22 is
recycled to the reactor, any inhibitors added must be
compatible with the reaction chemistry. It has been
found that small amounts of water, methanol, acetic
acid, or a combination thereof, do not interfere with
the reaction chemistry and practically eliminate the
formation of polymers of acetaldehyde. Stream 50 is
also preferably employed as an inhibitor since this
material does not change the reactor water balance.
Although water is not particularly preferred as an
inhibitor, other important advantages are obtained by
adding water to column 22. Exiting the top of column
22 is stream 52 containing PRCs. Stream 52 is directed
to a condenser and then to overhead receiver 24. After
condensation, any non-condensable materials are vented
from receiver 24; the condensed materials exit
receiver 24 as stream 54. Stream 56, a slip stream of
stream 54, is used as reflux for column 22. Exiting
the bottom of column 22 is stream 44 containing methyl
iodide, methanol, methyl acetate, methanol and water.
This stream is combined with stream 66, which will be
described below, and directed to the reactor. It is
important for the extraction mechanism that the
overhead stream of column 22 remain cold, generally at
a temperature of about 130C. This stream may be
obtained or maintained at about 130C by conventional
techniques known to those of skill in the art, or any
mechanism generally accepted by the industry. 



Upon exiting receiver 24, stream 58 is preferably sent
through a condenser/chiller (now stream 62) and then
to an extractor 27 to remove and recycle small amounts
of methyl iodide from the aqueous PRC stream. In
extractor 27, PRCs and alkyl iodides are extracted
with water, preferably water from an internal stream
so as to maintain water balance within the reaction
system. As a result of this extraction, methyl iodide
separates from the aqueous PRCs and alkyl iodide
phase. In a preferred embodiment, a mixer-settler with
a water-to-feed ratio of about 2 is employed.The
aqueous extract stream 64 leaves the extractor from
the top thereof. This PRC-rich, and in particular,
acetaldehyde-rich aqueous phase is directed to waste
treatment. Also exiting the extractor is raffinate
stream 66 containing methyl iodide, which is normally
recycled to the reaction system and ultimately to the
reactor. The present applicants have now discovered
that it is advantageous to analyze the composition of
the condensed overhead 54 from second column 22 and to
use that analysis to provide feedback control of the
distillation process. While it is extremely desirable
to remove as much acetaldehyde and other PRCs as
possible from the acetic acid process, it is important
to do so without sacrificing cost-effectiveness. A
major aspect of the process described herein is that
because methyl iodide is an especially expensive
material that is also very expensive to dispose of as
a result of safe handling issues, it is especially
desirable to implement process improvements that can
remove acetaldehyde to prevent formation of alkyl
iodides and PRCs but at the same time conserve methyl
iodide to the greatest extent possible. It will be
appreciated that the challenge of meeting these
objectives at the same time is not insubstantial
because methyl iodide and acetaldehyde have similar
boiling points, making it somewhat difficult to
achieve an optimal separation. As one of ordinary
skill in the art would appreciate, the distillation
process to separate methyl iodide from acetaldehyde is
very sensitive to relatively minor fluctuations in
temperature, reflux ratio and the like. Consequently
it is desirable to have the most accurate process
information available concerning the quality of the
methyl iodide/acetaldehyde separation. The applicants
have found that the distillation process described
above can be controlled with greater accuracy by
measuring the relative concentrations of methyl iodide
and acetaldehyde in the condensed distillate in stream
54, 56, 58 or 62. Surprisingly, this can be
accomplished simply by measuring the density of the
distillate. Unlike acetaldehyde, which has a density
of about 0.78 g/cm3 at room temperature (similar to
many common organic compounds), methyl iodide has a
density of about 2.3 g/cm3, almost three times
greater. This density difference is sufficiently great
that the relative concentrations of methyl iodide and
acetaldehyde in a mixture of the two compounds may be
calculated directly from the density. The density may
be measured either at normal process conditions or
after cooling a sample to room temperature. It is
preferred to measure the density under actual process
conditions to eliminate unnecessary time lag in the
control loop that would be introduced by a pre-cooling
period.The density may be measured in any of streams
54, 56, 58, or 62 (all of which have the same
composition) using a conventional online densitometer
denoted as 70 in Figures 2-4. For example, the
applicants conducted a series of experiments to
correlate the measured density of the overhead stream
54 with measured concentrations of methyl iodide
(MeI), acetaldehyde (AcH), and dimethyl ether (DME).
The following data were obtained: Figure 5 depicts the
correlation of methyl iodide and acetaldehyde
concentrations with the online density measurements.
Reasonably linear trends were observed for both the
methyl iodide and acetaldehyde concentrations,
indicating that under typical process conditions both
concentrations can be calculated from a single density
measurement. These density measurements, or calculated
relative concentrations based thereon, may serve as
the basis for controlling the distillation process in
column 22 to optimize the separation of methyl iodide
and acetaldehyde. This can be accomplished, for
example, by increasing or decreasing the heat flow
rate to the distillation column in response to changes
in the ratio of methyl iodide to acetaldehyde.
Alternatively, the reflux rate within the column may
be adjusted (for 



example, by varying the split between streams 58 and
56) in response to the concentration ratio. As a
further alternative, the concentration of the column
reflux may be adjusted in response to the measured
concentrations of acetaldehyde and methyl iodide by
increasing or decreasing the flow rate of stream 50.
This can be accomplished, for example, by adjusting
the split of slip stream 46 between streams 48 and 50.
Column pressure can also be controlled in response to
the calculated concentrations.The composition of the
column feed may also be adjusted: It has been
discovered that under certain circumstances it is
advantageous to separate and recirculate a portion of
stream 66 to the column feed 40 of column 22. Changing
the flow rate of this stream in response to changes in
the measured relative concentrations of methyl iodide
and acetaldehyde would in turn alter the column feed
composition. Control schemes that allow modification
of more than one of the process parameters associated
with the distillation column in response to measured
changes in the composition of the distillate are also
within the scope of the present invention. For
example, it may be appropriate to control both feed
and reflux compositions at the same time, to adjust
the column heat rate to account for changing feed
compositions, or to adjust the reflux rate to offset
changes in reflux composition. Many other similar
variations are possible. In addition to measuring the
density of one or more of the streams mentioned above
for the purpose of controlling the distillation
column, it is also desirable to employ density
measurements to monitor or control the operation of
extractor 27. It will be understood that extractor 27
functions by facilitating a phase separation therein
between a heavy methyl iodide phase and a less dense,
aqueous phase containing acetaldehyde. Consequently, a
significant change in the measured density of either
the aqueous extract stream 64 or the methyl
iodide-rich raffinate stream 66 would indicate a loss
of phase separation in the extractor, which in turn
would indicate that methyl iodide was being removed in
the extract stream. As has been/explained herein and
elsewhere, it is desirable to conserve methyl iodide
and reuse it within the process to the maximum extent
practical; in addition, the presence of methyl iodide
in the aqueous extract can adversely affect the
wastewater treatment process to which the extract is
ordinarily subjected. Similarly, measuring the density
of stream 66 permits monitoring of the residual
acetaldehyde concentration in that stream, allowing
for corrective action (e.g. an increase in water flow
to extractor 27) in response to an unacceptably high
acetaldehyde concentration. In a further refinement of
the invention, a single densitometer may be equipped
to selectively measure the density of any one of
multiple streams within the process. While the
invention has been described with reference to the
preferred embodiments, obvious modifications and
alterations are possible by those of ordinary skill in
the related art. In particular, although the present
invention has been generally described above utilizing
the light ends phase of column 14, any stream in the
carbonylation process having a high concentration of
PRCsand alkyl iodides may be treated in accordance
with the present invention. Similarly, although the
process has been described above with respect to an
acetaldehyde removal system of a particular
configuration, minor variations of the disclosed
configuration, for example replacing distillation
columns 18 and 22 with a single column, are also
contemplated. Therefore, the invention includes all
such modifications and alterations to the full extent
that they come within the scope of the following
claims or the equivalents thereof.WHAT IS CLAIMED IS:
1. A process for separating acetaldehyde from methyl
iodide by distillation, comprising the steps of:
Distilling a mixture comprising methyl iodide and
acetaldehyde in a distillation apparatus to produce an
overhead and a residuum; Measuring the density of said
overhead; and Adjusting at least one process variable
associated with said distillation apparatus in
response to said measured density or a relative
concentration calculated therefrom, said process
variable being selected from the group consisting of
heating rate, column pressure, feed composition,
reflux 



composition and reflux ratio. 2. A process for
separating acetaldehyde from methyl iodide, comprising
the steps of: Distilling a mixture comprising methyl
iodide and acetaldehyde in a distillation apparatus to
produce an overhead and a residuum; Extracting the
overhead with water to provide an aqueous extract and
a raffinate; Measuring the density of at least one of
said overhead, said extract and said raffinate; and
Adjusting at least one process variable associated
with said distillation apparatus or said extraction
step in response to said measured density or a
relative concentration calculated therefrom, said
process variable being selected from the group
consisting of a rate of heating said distillation
apparatus, column pressure in said distillation
apparatus, composition of the feed or reflux to said
distillation apparatus, reflux ratio in said
distillation apparatus, water feed rate to said
extraction step, and combinations thereof. 3. The
process of Claim 2, wherein the density of the
overhead is measured and the heating rate or reflux
ratio is adjusted in response to said density or a
concentration calculated therefrom. 4. The process of
Claim 2, wherein the density of the overhead is
measured and the heating rate is adjusted in response
to said density or a concentration calculated
therefrom.5. The process of Claim 2, wherein the
density of the extract is measured and the water feed
rate to said extraction step is adjusted in response
to said density or a concentration calculated
therefrom. 6. The process of Claim 2, wherein the
density of the raffinate is measured and the water
feed rate to said extraction step is adjusted in
response to said density or a concentration calculated
therefrom. 7. A process for producing acetic acid
comprising the steps of: Reacting methanol with carbon
monoxide in a reaction medium comprising water, methyl
iodide, and methyl acetate in the presence of a
catalyst; Separating the products of said reaction
into a volatile product phase comprising acetic acid,
and a less volatile phase; Distilling said volatile
phase in a distillation apparatus to yield a purified
acetic acid product and a first overhead comprising
methyl iodide and acetaldehyde; Condensing at least a
portion of said first overhead; Measuring the density
of said condensed first overhead; and Adjusting at
least one process control parameter associated with
the distillation of said volatile phase in response to
said measured density or a concentration calculated
therefrom. 8. The process of Claim 7, wherein the
purified acetic acid product contains less than about
400 parts per million by weight of propionic acid. 9.
The process of Claim 8, wherein the purified acetic
acid product contains less than about 250 parts per
million by weight of propionic acid. 10. The process
of Claim 7, wherein said at least one process control
parameter is selected from the group consisting of a
rate of heating said distillation apparatus, a
composition of the feed or reflux to a column in said
distillation apparatus, a reflux ratio in said
distillation apparatus, a column pressure in said
distillation apparatus, and combinations thereof. 11.
The process of Claim 7, wherein said distilling step
comprises at least two successive distillations, said
process further comprising the step of supplying at
least a portion of a residuumfrom one of said
distillations as a reflux stream in another of said
distillations, wherein the proportion of said residuum
supplied as reflux is adjusted in response to said
measured density or a concentration calculated
therefrom. 12. The process of Claim 7, further
comprising the step of extracting said condensed first
overhead with water to produce a raffinate comprising
methyl iodide. 13. The process of Claim 10, wherein
the flow rate of water associated with said 



extraction step is adjusted in response to said
measured density or a concentration calculated
therefrom. 14. The process of Claim 10, further
comprising mixing at least a portion of said raffinate
with a feed or overhead stream associated with said
distillation apparatus, wherein the fraction of said
raffinate that is mixed with the feed or overhead
stream is adjusted in response to said measured
density or a concentration calculated therefrom. 15. A
process for producing acetic acid comprising the steps
of: Reacting methanol with carbon monoxide in a
reaction medium comprising water, and methyl iodide in
the presence of a catalyst; Performing a liquid-vapor
separation of said reaction medium to provide a vapor
phase comprising acetic acid, methyl iodide,
acetaldehyde and water and a liquid phase; Distilling
said vapor phase in a distillation apparatus to
produce a purified acetic acid product and at least a
first overhead comprising acetaldehyde and methyl
iodide; Condensing said first overhead; Extracting
said first overhead with water to produce a raffinate
comprising methyl iodide and an aqueous extract;
Measuring the density of at least one stream selected
from the group consisting of said first overhead, said
raffinate and said aqueous extract; and Adjusting at
least one process control parameter associated with
either the distillation of said vapor phase or the
extraction of said first overhead in response to said
measured density or a concentration calculated
therefrom.16. The process of Claim 15, wherein said at
least one process control parameter is selected from
the group consisting of a rate of heating said
distillation apparatus, a composition of a feed or
reflux stream associated with a column in said
distillation apparatus, a reflux ratio in said
distillation apparatus, a pressure in said
distillation apparatus, a water feed rate to said
extraction step, and combinations thereof. 17. The
process of Claim 15, further comprising maintaining
the concentration of propionic acid in said acetic
acid product below about 400 parts per million by
weight. 18. The process of Claim 17, further
comprising maintaining the concentration of propionic
acid in said acetic acid product below about 250 parts
per million by weight. 


