
INHIBITORS OF SERINE PROTEASES, PARTICULARLY HCV NS3
-NS4A PROTEASE TECHNICAL FIELD OF THE INVENTION [0001]
The present invention relates to compounds that
inhibit serine protease activity, particularly the
activity of hepatitis C virus NS3-NS4A protease. A s
such, they act by interfering with the life cycle of
the hepatitis C virus and are also useful as antiviral
agents. The invention also relates to processes for
preparing these compounds. The invention further
relates to compositions comprising these compounds
either for ex vivo use or for administration to a
patient suffering from HCV- infection. The invention
also relates to methods of treating an HCV infection
in a patient by administering a composition comprising
a compound of this invention. BACKGROUND OF THE
INVENTION [0002] Infection by hepatitis C virus
("HCV") is a compelling human medical problem. HCV is
recognized as the causative agent for most cases of
non-A, non-B hepatitis, with an estimated human
sero-prevalence of 3% globally [A. Albert! et a .,
"Natural History of Hepatitis C," J . Hepatology ,
31., (Suppl. 1), pp. 17-24 (1999)] . Nearly four
million individuals may be infected in the United
States alone [M.J. Alter et a ., "The Epidemiology of
Viral Hepatitis in the United States, Gastroenterol.
Clin. North Am. , 23, pp. 437-455 (1994); M . J .
Alter "Hepatitis C Virus Infection in the United
States," J . Hepatology , 31., (Suppl. 1), pp. 88-91
(1999)] .- 2 - [0003] Upon first exposure to HCV only
about 20% of infected individuals develop acute
clinical hepatitis while others appear to resolve the
infection spontaneously. In almost 70% of instances,
however, the virus establishes a chronic infection
that persists for decades [S. Iwarson, "The Natural
Course of Chronic Hepatitis," FEMS Microbiology
Reviews , 14, pp. 201-204 (1994); D . Lavanchy,
"Global Surveillance and Control of Hepatitis C," J .
Viral Hepatitis , 6, pp. 35-47 (1999)]. This usually
results in recurrent and progressively worsening liver
inflammation, which often leads to more severe disease
states such as cirrhosis and hepatocellular carcinoma
[M. . Kew, "Hepatitis C and Hepatocellular Carcinoma",
FEMS Microbiology Reviews , 14, pp. 211-220 (1994); I
. Saito e . a ., "Hepatitis C Virus Infection is
Associated with the Development of Hepatocellular
Carcinoma," Proc. Natl. Acad. Sci . USA , 87, pp.
6547-6549 (1990)]. Unfortunately, there are no broadly
effective treatments for the debilitating progression
of chronic HCV. [0004] The HCV genome encodes a
polyprotein of 3010- 3033 amino acids [Q. . Choo, e .
a ., "Genetic Organization and Diversity of the
Hepatitis C Virus." Proc. Natl. Acad. Sci. USA , 88,
pp. 2451-2455 (1991); N . Kato et a ., "Molecular
Cloning of the Human Hepatitis C Virus Genome From
Japanese Patients with Non-A, Non-B Hepatitis," Proc.
Natl. Acad. Sci. USA , 87, pp. 9524-9528 (1990); A .
Takamizawa e . a ., "Structure and Organization of the
Hepatitis C Virus Genome Isolated From Human
Carriers," J . Virol ., 65, pp. 1105-1113 (1991)]. The
HCV nonstructural (NS) proteins are presumed to
provide the essential catalytic machinery for viral
replication. The NS proteins are derived by
proteolytic cleavage of the polyprotein [R.- 3 -
Bartenschlager e . a ., "Nonstructural Protein 3 of
the Hepatitis C Virus Encodes a Serine-Type Proteinase
Required for Cleavage at the NS3/4 and NS4/5
Junctions," J Virol. , 67, pp. 3835-3844 (1993); A .
Grakoui e . a ., 



"Characterization of the Hepatitis C Virus-Encoded
Serine Proteinase: Determination of Proteinase
D-ependent Polyprotein Cleavage Sites," J . Virol .,
67, pp. 2832-2843 (1993); A . Grakoui e . a .,
"Expression and Identification of Hepatitis C Virus
Polyprotein Cleavage Products," J Virol. , 67, pp.
1385-1395 (1993); L . Tomei e . a ., "NS3 is a serine
protease required for processing of hepatitis C virus
polyprotein" , J Virol ., 67, pp. 4017 -4026 (1993)].
[0005] The HCV NS protein 3 (NS3) contains a serine
protease activity that helps process the majority of
the viral enzymes, and is thus considered essential
for viral replication and infectivity. It is known
that mutations in the yellow fever virus NS3 protease
decreases viral infectivity [Chambers, T.J. e . a .,
"Evidence that the N -terminal Domain of Nonstructural
Protein NS3 From Yellow Fever Virus is a Serine
Protease Responsible for Site-Specific Cleavages in
the Viral Polyprotein", Proc Natl. Acad. Sci . USA ,
87, pp. 8898-8902 (1990)]. The first 181 amino acids
of NS3 (residues 1027-1207 of the viral polyprotein)
have been shown to contain the serine protease domain
of NS3 that processes all four downstream sites of the
HCV polyprotein [C. Lin et a ., "Hepatitis C Virus NS3
Serine Proteinase: Trarzs-Cleavage Requirements and
Processing Kinetics", J . Virol ., 68, pp. 8147-8157
(1994) . [0006] The HCV NS3 serine protease and its
associated cofactor, NS4A, helps process all of the
viral enzymes, and is thus considered essential for
viral replication. This processing appears to be
analogous to that carried- 4 - out by the human
immunodeficiency virus aspartyl protease, which is
also involved in viral enzyme processing HIV protease
inhibitors, which inhibit viral protein processing are
potent antiviral agents in man, indicating that
interrupting this stage of the viral life cycle
results in therapeutically active agents. Consequently
it is an attractive target for drug discovery. [0007]
Several potential HCV protease inhibitors have been
described [PCT publication Nos . WO 02/18369, WO
02/08244, WO 00/09558, WO 00/09543, WO 99/64442, WO
99/07733, WO 99/07734, WO 99/50230, WO 98/46630, WO
98/17679 and WO 97/43310, United States Patent
5,990,276, M . Llinas-Brunet et a ., Bioorg. Med.
Chem. Lett. , 8 , pp. 1713 - 18 (1998); W . Han et a
., Bioorg. Med. Chem. Lett. , 10, 711-13 (2000); R .
Dunsdon et a . Bioorg. Med. Chem. Lett. , 10, pp.
1571-79 (2000); M . Llinas-Brunet et a ., Bioorg. Med.
Chem. Lett. , 10, pp. 2267-70 (2000); and S . LaPlante
et a ., Bioorg. Med. Chem. Lett. , 10, pp. 2271- 74
(2000)] . [0008] There are not currently any
satisfactory anti- HCV agents or treatments. The only
established therapy for HCV disease is interferon
treatment. However, interferons have significant side
effects [M. A . Wlaker et a ., "Hepatitis C Virus: An
Overview of Current Approaches and Progress," DDT , 4
, pp. 518-29 (1999); D . Moradpour et a ., "Current
and Evolving Therapies for Hepatitis C," Eur. J .
Gastroenterol. Hepatol. , 11, pp. 1199-1202 (1999); H
. L . A . Janssen et a . "Suicide Associated with AIf
-Interferon Therapy for Chronic Viral Hepatitis," J .
Hepatol. , 21, pp. 241-243 (1994); P . . Renault et a
., "Side Effects of Alpha Interferon," Seminars in
Liver Disease , 9, pp. 273-277. (1989)] and induce
long term remission in only a fraction (~ 25%) o f- 5
- cases [O. Weiland, "Interferon Therapy in Chronic
Hepatitis C Virus Infection" , FEMS Microbiol. Rev. ,
14, pp. 279-288 (1994)]. Moreover, the prospects for
effective anti-HCV vaccines remain uncertain. 



[0009] Thus, there is a need for compounds useful in
anti -HCV therapies. Such compounds would have
therapeutic potential as protease inhibitors,
particularly as serine protease inhibitors, and more
particularly as HCV NS3 protease inhibitors. These
compounds would be useful as antiviral agents,
particularly as anti-HCV agents. There is a particular
need for compounds with improved enzyme inhibition or
cellular activity. SUMMARY OF THE INVENTION [0010] The
present invention addresses these needs by providing a
compound of formula : ,Ar H r-i / R' H 3/X I wherein
the variables are as defined herein. [0011] The
invention also relates to compositions that comprise
the above compounds and the use thereof. Such
compositions may be used to pre-treat invasive devices
to be inserted into a patient, to treat biological
samples, such as blood, prior to administration to a
patient, and for direct administration to a patient.
In each case the composition will be used to inhibit
HCV replication and to lessen the risk of or the
severity of HCV infection. [0012] The invention also
relates to processes for preparing the compounds of
formula I .- 6 - DETAILED DESCRIPTION OF THE INVENTION
[0013] The present invention provides a compound of
formula : ,Ar H F X X R,1' H I wherein: Ar is a 5- to
10-membered aromatic ring having up to 4 heteroatoms
selected from , S , N(H), SO, and SO , wherein 1 to 3
ring atoms are optionally and independently
substituted with J ; R1 and R2 are independently:
(C1-C12)-aliphatic-, (C3-C10)-cycloalkyl- or
-cycloalkenyl- , [(C3-C10)-cycloalkyl- or
-cycloalkenyl] - (C1-C12) - aliphatic-,
(C6-C10)-aryl-(C1-C12) aliphatic- ,
(C6-C10)-heteroaryl-(C1-C12) aliphatic- , wherein up
to 3 aliphatic carbon atoms in R1 and R2 may be
replaced by a heteroatom selected from , N , S, SO, or
SO in a chemically stable arrangement; wherein each of
R1 and R2 is independently and optionally substituted
with up to 3 substituents independently selected from
J ; R3 and R3' are independently hydrogen or (C1-C12)-
aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of R3
is optionally substituted with sulfhydryl or hydroxy;
or R3 is phenyl or - CH phenyl, wherein said phenyl
group is optionally substituted with up to 3
substituents independently selected from J ; orR3 and
R3' together with the atom to which they are bound is
a 3- to 6-membered ring having up to 2 heteroatoms
selected from N , NH, 0 , SO, or SO ; wherein the ring
has up to 2 substituents selected independently from J
; R4 and R4' are independently: hydrogen- ,
(C1-C12)-aliphatic-, (C3-C10)-cycloalkyl- or
-cycloalkenyl - ,
(C3-C10)-cycloalkyl-(C1-C12)-aliphatic-,
(C6-C10)-aryl-, 



(C3-C10)-heterocyclyl-; or (C5-C10)-heteroaryl-;
wherein up to two aliphatic carbon atoms in R4 and R4'
may be replaced by a heteroatom selected from 0 , N ,
S , SO, or SO ; wherein each of R4 and R4' is
independently and optionally substituted with up to 3
substituents independently selected from J ; W is : or
B R wherein each R is independently: hydrogen- ,
(C1-C12)-aliphatic-, (C6-C10)-aryl-,
(C6-C10)-aryl-(C1-C12) aliphatic - ,
(C3-C10)-cycloalkyl- or cycloalkenyl -
,[(C3-C10)-cycloalkyl- or cycloalkenyl] -(C1-C12) -
aliphatic- , (C3-C10)-heterocyclyl-,
(C3-C10)-heterocyclyl-(C1-C12)-aliphatic-,
(C5-C10)heteroaryl-, or
(C5-C10)heteroaryl-(C1-C12)-aliphatic - , or two R
groups, which are bound to the same nitrogen atom,
form together with that nitrogen atom, a
(C3-C10)-heterocyclic ring; wherein R is optionally
substituted with up to 3 J substituents; wherein each
R is independently -OR'; or the R groups together with
the boron atom, is a (C3-C10)- membered heterocyclic
ring having in addition to the boron up to 3
additional heteroatoms selected from N , NH, , SO, and
SO ; T is: (C1-C12)-aliphatic-; (C6-C10)-aryl-,
(C6-C10)-aryl-(C1-C12) aliphatic- ,
(C5-C10)heteroaryl- , or
(C5-C10)heteroaryl-(C1-C12)-aliphatic- ; wherein each
T is optionally substituted with up to 3 J
substituents; J is halogen, -OR', -NO , -CN, -CF ,
-OCF , -R', oxo, thioxo, 1,2-methylenedioxy,
,2-ethylenedioxy, =N(R'), =N(0R'), -N(R' ) , -SR',
-SOR', -SO R', -SO N(R ) , -SO R', -C(O)R 1,
-C(O)C(O)R', -C(O)CH C(O)R', -C(S)R', -C(S)OR ,
-C(O)OR', -C(O)C(O)OR', -C (0)C (0)N (R') , -OC(O)R',
-C(O)N(R , -OC(O)N(R , -C(S)N(R , - (CH ) 0-2NHC (O) R
' , - N (R ' ) N (R ' ) COR' - N (R R (O) OR 1 , -N (R
' ) N (R ' ) CON(R 1 ) , -N (R O R ' , -N (R ' ) SO N
(R ' ) -N (R 1 ) C (O) R , -N (R C (O) R 1 , - N ( (S)
R ' , -N (R ' ) C (0) N (R ' ) , -N (R ' ) C (S) N (R
' ) , -N (COR ' ) COR' ,_ Q _ -N(OR 1)R , -C (=NH)N(R
) -C(O)N(OR )R ', -C(=NOR')R\ -OP(O)(OR , -P(O)(R') ,
-P(0) (OR') , or -P(0)(H)(0R'); R ' is independently
selected from: hydrogen-, (C1-C12) -aliphatic-,
(C3-C10)-cycloalkyl- or -cycloalkenyl- ,
[(C3-C10)-cycloalkyl or -cycloalkenyl] -(C1-C12) -
aliphatic- , (C6-C10)-aryl-, (C6-C10)-aryl-(C1-C12)
aliphatic- , (C3-C10)-heterocyclyl-,
(C6-C10)-heterocyclyl-(C1-C12) aliphatic- ,
(C5-C10)-heteroaryl-, or
(C5-C10)-heteroaryl-(C1-C12)-aliphatic- ; wherein R is
optionally substituted with up to 3 J groups ; wherein
two R ' groups bound to the same atom 



form a 3- to 10-membered aromatic or non- aromatic
ring having up to 3 heteroatoms independently selected
from N , 0 S , SO, or SO , wherein said ring is
optionally fused to a (C6-C10)aryl, (C5- ClO)
heteroaryl, (C3-C10)cycloalkyl, or a (C3- ClO)
heterocyclyl, wherein any ring has up to 3
substituents selected independently from J . [0014]
These compounds solve the above problems by providing
compounds with improved enzyme and/or cell activity.
For example, compounds of this invention, particularly
the preferred compounds exhibit better enzyme
inhibition than the compounds of WO 98/17679. The
compounds of this invention also have better cellular
data than other reported compounds (see the documents
cited herein) .- 1 0 - [0015] In one embodiment, if R1
is cyclohexyl, R2 is tbutyl, R3' is H , R3 is
n-propyl, W is -C(O)C(O)N(H)- cyclopropyl, and T is: ;
then Ar is 4-quinazoline or 5-chloro-2 - pyridyl .
[0016] The present invention also provides a compound
of formula : ,Ar t , H R -2 R4' H JN. Il N C J 0 R1 H
0 0 R V wherein: n is 0 or 1; Ar is a 5- to
10-membered aromatic ring having up to 4 heteroatoms
selected from 0 , S, N(H), SO, and SO , wherein 1 to 3
ring atoms are optionally and independently
substituted with J ; R1, R2, R12, and R13 are
independently: (C1-C12)-aliphatic-,
(C3-C10)-cycloalkyl - or -cycloalkenyl- ,
[(C3-C10)-cycloalkyl- or -cycloalkenyl] - (C1-C12)-
aliphatic-, (C6-C10)-aryl-(C1-C12) aliphatic- ,
(C6-C10)-heteroaryl-(C1-C12) aliphatic - , wherein up
to 3 aliphatic carbon atoms in R1 and R2 may be
replaced by a heteroatom selected from , N , NH, S SO,
or SO in a chemically stable arrangement; wherein each
of R1 and R2 is independently and optionally
substituted at each substitutable position- 1 1 - with
up to 3 substituents independently selected from J ;
R3 and R3 are independently hydrogen or (C1-C12) -
aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of R3
is optionally substituted with sulfhydryl or hydroxy;
or R3 is phenyl or - CH phenyl, wherein said phenyl
group is optionally substituted with up to 3
substituents independently selected from J ; or R3 and
R3' together with the atom to which they are bound is
a 3- to 6-membered ring having up to 2 heteroatoms
selected from N , NH, 0 , SO, and SO ; wherein the
ring has up to 2 substituents selected independently
from J ; R4 and R4' are independently: hydrogen- ,
(C1-C12)-aliphatic-, (C3-C10)-cycloalkyl- or
-cycloalkenyl- , (C3-C10)--cycloalkyl-(C1
C-12)-aliphatic-, (C6-C10)-aryl-,
(C3-C10)-heterocyclyl-; or 



(C5-C10)-heteroaryl-; wherein up to two aliphatic
carbon atoms in R4 and R4' may be replaced by a
heteroatom selected from , N , S, SO, and SO ; wherein
each of R4 and R4' is independently and optionally
substituted with up to 3 substituents independently
selected from J ; W is:- 1 2 - R wherein Y is -CO H ,
a derivative of -CO H , or a bioisostere -CO H ; each
R is independently: hydrogen- , (C1-C12)-aliphatic-,
(C6-C10)-aryl-, (C6-C10)-aryl-(C1-C12) aliphatic- ,
(C3-C10)-cycloalkyl- or cycloalkenyl- ,
[(C3-C10)-cycloalkyl- or cycloalkenyl] (-C1 C-12) -
aliphatic- , (C3-C10)-heterocyclyl-,
(C3-C10)-heterocyclyl-(C1-C12)-aliphatic - ,
(C5-C10)heteroaryl-, or
(C5-C10)heteroaryl-(C1-C12)-aliphatic-, or two R
groups, which are bound to the same nitrogen atom,
form together with that nitrogen atom, a (C3-C10)
-heterocyclic ring; wherein R is optionally
substituted with up to 3 J substituents; wherein each
R is independently -OR'; or the R groups together with
the boron atom, is a (C3-C10) - membered heterocyclic
ring having in addition to the- 1 3 - boron up to 3
additional heteroatoms selected from N , NH, 0 , SO,
and SO ; T is : (C1-C12)-aliphatic-; (C6-C10)-aryl-,
(C6-C10)-aryl-(C1-C12 )aliphatic - ,
(C5-C10)heteroaryl-, or
(C5-C10)heteroaryl-(C1-C12)-aliphatic-; wherein each T
is optionally substituted with up to 3 J substituents;
and wherein up to 3 aliphatic carbon atoms in T may be
replaced by a heteroatom selected from 0 , N , NH, S ,
SO, or SO in a chemically stable arrangement; provided
that if T is pyrrole, the pyrrole is not substituted
at the -position with J , with J being - C(O)R ,
-C(O)C(O)R', -C(O)CH C(O)R', -C(S)R', -C(S)OR',
-C(O)OR', -C(O)C(O)OR', -C(0)C(0)N(R') , -C(O)N(R ,
-C(S)N(R') , -C(=NH)N(R') , -C (0)N (OR')R ', or
-C(=N0R')R'; J is halogen, -OR', -NO , -CN, -CF , -OCF
, -R', oxo, thioxo, ,2-methylenedioxy,
2-ethylenedioxy, =N(R') , =N(0R') , -N(R') , -SR ,
-SOR', -SO R , -SO N(R ) , -SO R', -C(O)R',
-C(O)C(O)R', -C(O)CH C(O)R', -C(S)R 1, -C(S)OR ,
-C(O)OR', -C(O)C(O)OR', -C (0)C (0)N (R ) , -OC(O)R ,
-C(0)N(R') , -0C(0)N(R') , -C(S)N(R') , -(CH )
0-2NHC(O)R', -N (R )N (R ')COR , -N (R ')N (R ')C
(0)OR , -N(R' ) N(R1)CON (R') -N(R JSO R 1, -N (R )SO
N (R ) , -N(R')C(0)0R' , -N(R JC(O)R -N (R')C (S)R ,
-N(R')C(0)N(R') , -N(R JC(S)N(R , -N(COR JCOR', -N(OR
R , -C(=NH)N(R') , -C(O)N(OR -C(=N0R')R', -OP(O)(OR ,
-P(O) (R , -P(O)(OR , Or -P(O)(H)(OR R 1 is: hydrogen-
, (C1-C12)-aliphatic-, (C3-C10)-cycloalkyl- or
-cycloalkenyl- ,- 1 4 - [(C3-C10)-cycl alkyl or
-cycloalkenyl] - (C1-C12) - aliphatic- , 



(C6-C10)-aryl-, (C6-C10)-aryl-(C1-C12) aliphatic- ,
(C3-C10) -heterocyclyl-,
(C6-C10)-heterocyclyl-(C1-C12) aliphatic - ,
(C5-C10)-heteroaryl-, or
(C5-C10)-heteroaryl-(C1-C12)-aliphatic-; wherein R 1
is optionally substituted with up to 3 J groups ;
wherein two groups bound to the same atom form a 3- to
10-membered aromatic or non-aromatic ring having up to
3 heteroatoms independently selected from N , 0 , S ,
SO, or SO , wherein said ring is optionally fused to a
(CSClO) aryl, (C5-C10)heteroaryl , (C3-ClO)cycloalkyl
, or a (C3- heterocyclyl, wherein any ring has up to 3
substituents selected independently from J . [0017] In
one embodiment, if R1 is cyclohexyl, R2 is tbutyl, R3'
is H , R3 is n-propyl, W is -C(O)C(O)N(H)-
cyclopropyl, and T is: Q N \ ; then Ar is not
4-quinazoline or 5-chloro-2- pyridyl . [0018] In
another embodiment, if T is pyrrole, the pyrrole is
not substituted with J , but is optionally fused to a
5-membered or a 6-membered aryl or heteroaryl ring.
[0019] In another embodiment, if T is pyrrole, the
pyrrole is not substituted at the -position with J ,
but is optionally fused to a 5-membered or a
6-membered aryl or heteroaryl ring.- 15 - [0020] In
another embodiment, T is not [0021] In another
embodiment, T is not pyrrole. [0022] In a more
specific embodiment, this invention provides a
compound wherein n is 0 and the compound has the
formula -A: ,Ar V-W H 3^V -A; wherein the variable are
as defined in any of the embodiments herein. In a
compound of formula A , W is preferably: [0023] In
another specific embodiment, this invention provides a
compound wherein n is 1 and the compound has the
formula -B: ,4' H FT R H T- N R V -B;- 1 6 - wherein
the variable are as defined in any of the embodiments
herein. In a compound of formula -B, W is preferably:
0 R 0 or 0 Definitions [0024] The term "aryl" as used
herein means a monocyclic or bicyclic carbocyclic
aromatic ring system. Phenyl is an example of a
monocyclic aromatic ring system. Bicyclic aromatic
ring systems include systems wherein both rings are
aromatic, e.g., naphthyl , and systems wherein only
one of the two rings is aromatic, e.g., tetralin.
[0025] The term "bioisostere" - CO H as used in herein



refers to a chemical moiety which may substitute for a
carboxylic acid group in a biologically active
molecule. Examples of such groups are disclosed in
Christopher A . Lipinski, "Bioisosteres in Drug
Design" Annual Reports in Medicinal Chemistry , 21,
pp. 286-88 (1986), and in C . W . Thornber,
"Isosterism and Molecular Modification in Drug Design"
Chemical Society Reviews , pp. 563-580 (1979).
Examples of such groups include, but are not limited
to, -COCH OH, -CONHOH, SO NHR -SO H , -PO(OH)NH ,
-CONHCN, -OSO H , -CONHSO -PO(OH) , -PO(QH)(OR'),
-PO(OH)(R'), -OPO(OH) , -OPO(OH)(OR'), -OPO(OH) (
HNPO(OH) , -NHPO(OH)(OR'), -NHPO(OH) ( 0 OH Jl N N N
// % N- 1 7 - PH X N HO OH H N R R N N O H [0026] The
terra "heterocyclyl" as used herein means a monocyclic
or bicyclic non- aromatic ring system having 1 to 3
heteroatom or heteroatom groups in each ring selected
from 0 , N , NH, S , SO, or SO in a chemically stable
arrangement. In a bicyclic non-aromatic ring system
embodiment of "heterocyclyl" one or both rings may
contain said heteroatom or heteroatom groups. [0027]
Examples of heterocyclic rings include
-IHbenzimidazol- 2-one,
3-(1-alkyl)-benzimidazol-2-one, 2- tetrahydrofuranyl,
3-tetrahydrofuranyl, 2- tetrahydrothiophenyl,
3-tetrahydrothiophenyl , 2- morpholino, 3-morpholino,
4-morpholino, 2-thiomorpholino, 3-thiomorpholino,
4-thiomorpholino, 1-pyrrolidinyl, 2- pyrrolidinyl,
3-pyrrolidinyl, 1-tetrahydropiperazinyl, 2-
tetrahydropiperazinyl , 3-tetrahydropiperazinyl, 1-
piperidinyl, 2-piperidinyl, 3-piperidinyl,
1-pyrazolinyl, 3-pyrazolinyl , 4-pyrazolinyl,
5-pyrazolinyl, 1- piperidinyl, 2-piperidinyl ,
3-piperidinyl, 4-piperidinyl, 2-thiazolidinyl ,
3-thiazolidinyl, 4-thiazolidinyl, 1-- 1 8 -
imidazolidinyl , 2-imidazolidinyl, 4-imidazolidinyl,
5- imidazolidinyl, indolinyl, tetrahydroquinolinyl ,
tetrahydroisoquinolinyl, benzothiolane, benzodithiane,
and 1 ,3-dihydro-imidazol-2-one. [0028] The term
"heteroaryl" as used herein means a monocyclic or
bicyclic aromatic ring system having 1 to 3 heteroatom
or heteroatom groups in each ring selected from 0 , N
NH or S in a chemically stable arrangement. In such a
bicyclic aromatic ring system embodiment of
"heteroaryl": - one or both rings may be aromatic; and
- one or both rings may contain said heteroatom or
heteroatom groups . [0029] Examples of heteroaryl
rings include 2-furanyl, 3-furanyl, N-imidazolyl,
2-imidazolyl, 4-imidazolyl, 5- imidazolyl,
benzimidazolyl, 3-isoxazolyl, 4-isoxazolyl ,
5-isoxazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, N -
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl , pyridazinyl (e.g., 3-pyridazinyl)
2-thiazolyl, 4- thiazolyl, 5-thiazolyl, tetrazolyl
(e.g., 5-tetrazolyl) , triazolyl (e.g., 2-triazolyl
and 5-triazolyl) , 2-thienyl, 3-thienyl, benzof uryl,
benzothiophenyl , indolyl (e.g., 2- 



indolyl) , pyrazolyl (e.g., 2-pyrazolyl) ,
isothiazolyl, 1 , ,3-oxadiazolyl , 1, ,5-oxadiazolyl ,
, ,4-oxadiazolyl , 1,2,3-triazolyl, 1,
,3-thiadiazolyl, 1, ,4-thiadiazolyl, 1 ,
,5-thiadiazolyl , purinyl, pyrazinyl, 1 ,
,5-triazinyl, quinolinyl (e.g., 2-quinolinyl,
3-quinolinyl, 4 - quinolinyl) , and isoquinolinyl
(e.g., 1-isoquinolinyl, 3- isoquinolinyl, or
-isoquinolinyl) . [0030] The term "aliphatic" as used
herein means a straight chained or branched alkyl,
alkenyl or alkynyl . It is understood that alkenyl or
alkynyl embodiments need at least two carbon atoms in
the aliphatic chain.The term "cycloalkyl or
cycloalkenyl" refers to a monocyclic or fused or
bridged bicyclic carbocyclic ring system that is not
aromatic. Cycloalkenyl rings have one or more units of
unsaturation. Preferred cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclohexenyl , cycloheptyl, cycloheptenyl , nornbornyl
, adamantyl and decalin-yl . [0031] As used herein,
the carbon atom designations may have the indicated
integer and any intervening integer. For example, the
number of carbon atoms in a (C1-C4)-alkyl group is 1,
2 , 3, or . It should be understood that these
designation refer to the total number of atoms in the
appropriate group. For example, in a
(C3-C10)-heterocyclyl the total number of carbon atoms
and heteroatoms is 3 (as in aziridine) , 4 , 5, 6 (as
in morpholine) , 7, 8, 9, or 10. [0032] The phrase
"chemically stable arrangement" as used herein refers
to a compound structure that renders the compound
sufficiently stable to allow manufacture and
administration to a mammal by methods known in the
art. Typically, such compounds are stable at a
temperature of 40 C or less, in the absence of
moisture or other chemically reactive condition, for
at least a week. Preferred Embodiments [0033] In
another embodiment of this invention, Ar is phenyl,
pyridyl, quinolinyl, pyrimidinyl, or naphthyl ,
wherein each group is optionally substituted with 1,
2, or 3 J groups . [0034] In another embodiment of
this invention, Ar is w- 2 0 - MeO .Cl N* \\ F,C MeO H
CO r\J o r [0035] In another embodiment of this
invention, A r is: N \\ \\ \\ W o r [0036] In a
particularly favorable embodiment, Ar is: Cl N* W
[0037] In another embodiment of this invention, Ar is
a 6 or a 10-membered aromatic ring having 0, 1 , or 2
nitrogen heteroatoms, wherein 1, 2 , or 3 ring atoms
are optionally and independently substituted with J .
[0038] In any of the embodiments of this invention,
each J group on A r is independently OR' , NO , CN, F
, OCF , R', COR', C(O)OR', C(O)N(R , SO R 1, SO N(R')
, 1,2-methylenedioxy, 1,2-ethylene dioxy, or NR C(O)OR
1, NR 'SO '. [0039] In any of embodiments of this
invention, each J group on Ar is preferably, and
independently, OR ,- 21 - halogen, CN, CF , R', or COR
. More preferably, this J is halogen (particularly
chloro) . [0040] In another embodiments of this
invention, each J group on Ar is independently halo,
trif luoromethyl, 



methyl , or NO . [0041] According to any preferred
embodiment, T is (C6-C10)-aryl- or (C5-C10)heteroaryl-
, wherein each T is optionally substituted with 1, 2 ,
or 3 J substituents . [0042] In a preferred
embodiment, T is a 6-membered or a 10-membered aryl
group. In another preferred embodiment, T is a
6-membered heteroaryl group that is optionally fused
to another 5- or 6-membered aryl or heteroaryl group .
[0043] More preferred embodiments are those wherein T
: N N- -N N N H H H H H -N l V J - I N H H o r [0044]
In a more preferred embodiment, T is:or pyrazine.
[0045] In certain embodiments of this invention, any T
group is optionally fused to a 5-membered or a
6-membered aryl or heteroaryl group. [0046]
Accordingly, one embodiment of this invention provides
compounds wherein T is: -N N \\ N Il - N / N -N N-N H
H H N N N N N N or H wherein each T group is
optionally fused to a 5-membered or a 6-membered aryl
or heteroaryl group. [0047] In another embodiment, T
is: N wherein T is optionally fused to a 5-membered or
a 6-membered aryl or heteroaryl group. [0048] In
certain embodiments, T is not fused to another ring.
[0049] In any embodiment of this invention, each aryl
or heteroaryl group of T is optionally and
independently substituted with 1, 2 , or 3 groups
selected from -CH , -H CH , halogen, acetyl, -CO H ,
-(Cl-C6-alkyl)-CO H , or -O R 1 .- 2 3 - [0050] In
certain embodiments, 1 aliphatic carbon atom in T is
replaced by a heteroatom selected from 0 , N , NH, S ,
SO, or SO in a chemically stable arrangement. The
heteroatom is preferably, or NH. In an alternative
embodiment no aliphatic carbon atom is replaced with T
. [0051] In certain compounds of this invention, an
aliphatic group links to T to the remainder of the
molecule. In general, in these aliphatic linkers
replacement of an aliphatic carbon atom is preferred
in compounds wherein n is . In compounds wherein n is
1, this aliphatic linker group, preferably, has no
heteroatom replacements. Furthermore, compounds
wherein n is 1, preferably, have no aliphatic linker
group. [0052] According to a preferred embodiment, W
is -C(O)-C(O)-R . Preferably, R is phenyl, pyridyl,
(C3- C6)-alkyl, (C3-C6)-cycloalkyl, -OH,
-O-(C1-C6)-alkyl, -N(H) -(C3-C6)-cycloalkyl, -N(H) -
(H)(CH )-(C6-C10) aryl , -N(H)-C(H)(CH )-
(C3-C10)-heterocylyl, Or -N(H)-C(H)(CH )- 



(C5-C10)-heteroaryl , wherein each aryl, heterocyclyl
, and heteroaryl is optionally substituted with
halogen. Preferred embodiments are selected from: - .
i- H /- N S- N \ V i- N. i" - F - JJ '  - Jl More
preferably, R is isopropyl. [0053] According to one
embodiment, W is -C(O)-C(O)- OR . In this embodiment,
R is preferably hydrogen, (Cl- C12)-aliphatic (more
preferably, Cl-C6-alkyl) , (C6-C10) - aryl,
(C3-ClO)-cycloalkyl or -cycloalkenyl , (C3-C10)
-heterocyclyl, (C5-C10) heteroaryl , or C3-C
b-cycloalkyl- (C1-C3) - alkyl, wherein the cycloalkyl
is preferably a cyclopropyl group. The aryl group is
optionally substituted with up to 3 J groups, wherein
J is halogen, preferably chloro or fluoro. More
preferably, R is H or or methyl . [0054] According to
another embodiment, W is -C(O)- C(O) - (R ) wherein R
is hydrogen, (C1-C6)-alkyl , (Cl- C6)-alkenyl,
(C6-C10)-aryl-(C1-C6)-alkyl- , or (C6-C10) -
heteroaryl-(Cl -C6)-alkyl- , wherein R is optionally
substituted with up to 3 J groups. Preferably, R is
hydrogen, (C3-C10)-cycloalkyl or -cycloalkenyl , or
(C3- ClO)-heterocyclyl . Alternatively, one R is
hydrogen and the other R is (C6-C10)-aryl-(C1-C3)
alkyl- , wherein the alkyl is optionally substituted
with CO H ; (C3- CG)cycloalkyl-; (C5)-heterocylyl-
(C1-C3)alkyl- ; (C3- C6) alkenyl- ; or each R is
(C1-C6)-alkyl- . Alternatively, each R is
(C1-C3)-alkyl- . [0055] Most preferably, -NHR in W
is:H OH OMe M . H l H 0 H H H H OH OH OH Preferred J
substituents on the alkyl and aryl groups in this
embodiment are halogen, carboxy, and heteroaryl . More
preferred substituents on the aryl groups are halogen
(preferably chloro or fluoro) and more preferred J
substituents on the alkyl groups are carboxy and
heteroaryl . [0056] According to yet other preferred
embodiments of formula I, W is: 0 R wherein the NR R6
is -NH-(C1-C6 aliphatic), -NH-(C3-C6 cycloalkyl) ,
-NH-CH (CH )-aryl , or -NH-CH (CH )-heteroaryl,
wherein said aryl or said heteroaryl is optionally
substituted with up to 3 halogens. [0057] In any
preferred embodiment of W , the NR R6 is:- 2 6 - H N
CI H T N N l l V . ,H F H H [0058] In any preferred
embodiment of W, the NRR6 i s : H -N N l J l :H. l y\J
- -N [0059] In any more preferred embodiment of W the
NRSR- , 6 S : iiN N J l f or -N- [0060] In any more
preferred embodiment of W , the NR R6 is : 



-I-N [0061] According to one embodiment, R1 is
selected from:- 27 - OJVVJ [0062] According to a
preferred embodiment, R1 is selected from: or [0063]
According to another embodiment, R1 is: L or [0064]
According t o another embodiment, R1 i s : or [0065]
Most preferably, R1 is cyclohexyl . [0066] According
to one embodiment, R2 is: [0067] According to another
embodiment, R2 is- 2 8 - r o r [0068] According to any
preferred embodiments, is v [0069] According to any
more preferred embodiments, S : or [0070] In any most
preferred embodiments, R2 is tbutyl . [0071] According
to one embodiment, R3 is: SH F F [0072] According to a
preferred embodiment, R3 is v u SH or [0073] More
preferably, R3 is propyl (preferably, n-propyl) .
[0074] In any preferred embodiment of this invention,
R3' is H .- 2 9 - [0075] According to another
embodiment, R3 and R3' together with the atom to which
they are bound form the ring system: [0076] According
to another embodiment, R is hydrogen and R3 is: v L JW
F H FF [0077] According to preferred embodiments, R3'
is hydrogen and R3 is: ,F or [0078] In yet other
embodiments of this invention, R3' is hydrogen and R3
is: SH , F [0079] According to one embodiment, one of
R4 or R4 ' is hydrogen . [0080] According to another
embodiment, one of R4 or R4 ' (C1-C6)-alkyl. [0081]
According to a preferred embodiment, R4 and R4 ' is
hydrogen.- 3 0 [0082] In certain embodiments, 1 or 2
carbon atoms of R1, R2, R3, or R4, are optionally and
independently replaced with N NH, 0 , or . [0083]
Accordingly, one embodiment of this invention provides
a compound wherein R1 is cyclohexyl, wherein 1 or 2
carbon atoms is optionally replaced with N , NH, 0 ,
or S and wherein each atom is optionally and
independently substituted with 1, , or 3 J groups,
wherein J is halogen, OH, OR , NH, N(R ) (and R ' is,
preferably, (Cl- C6)-alkyl) . [0084] In certain other
embodiments no carbon atoms of 



R1, R2, R3 , and R4 are replaced with N , NH, 0 , or .
In other embodiments these groups have no J
substituents . [0085] The compounds of this invention
may contain one or more asymmetric carbon atoms and
thus may occur as racemates and racemic mixtures,
single enantiomers, diastereomeric mixtures and
individual diastereomers . All such isomeric forms of
these compounds are expressly included in the present
invention. Each stereogenic carbon may be of the R or
S configuration. [0086] Preferably, the compounds of
this invention have the structure and stereochemistry
depicted in compounds 1-76. [0087] Any of the
preferred embodiments recited above, including those
embodiments in the above species, may define formula I
individually or be combined to produce a preferred
embodiment of this invention. [0088] Abbreviations
which are used in the schemes, preparations and the
examples that follow are: THF: tetrahydrofuran DMP: N
, ,-dimethylf ormamide EtOAc : ethyl acetate AcOH:
acetic acid HOBt: 1-hydroxybenzotriazole hydrate- 3 1
- EDC: 1-(3-dimethylaminopropyl) -e3t-hylcarbodiimide
hydrochloride NMM: N-methylmorpholine NMP:
N-methylpyyrolidinone EtOH: ethanol t-BuOH:
tert-butanol Et O : diethyl ether BOC:
tert-butyloxycarbonyl BOC O : di-tert-butyldicarbonate
Cbz : benzyloxycarbonyl Chg: cyclohexylglycine TbG:
tert-butylglycine F : 9-fluorenyl methyloxycarbonyl
DMSO: diemthyl sulfoxide TFA: trif luoroacetic acid
DCCA: dichloroacetic acid DCE: dichloroethane DIEA:
diisopropylethylamine MeCN: acetonitrile PyBrOP: tris
(pyrrolidino) bromophosphonium hexaf luorophosphate
TBTU or HATU: 2-(lH-benzotriazole-1-yl)-1, , , -
tetramethyluronium tetraf luoroborate DMAP:
4-dimethylaminopyridine PPTS: pyridinium p-toluenesulf
onate IBX: periodobenzoic acid AIBN :
2,2'-azobisisobutyronitrile TEMPO: , ,
,6-tetramethyl-l-piperidinyloxy, free radical) rt or
RT: room temperature O : overnight ND: not determined
MS: mass spectrometry LC: liquid chromatography- 3 2 -
General Synthetic Methodology: [0089] The compounds of
this invention may be prepared in general by methods
known to those skilled in the art. Schemes 1-7 below
illustrate synthetic routes to the compounds of the
present invention. Other equivalent schemes, which
will be readily apparent to the ordinary skilled
organic chemist, may alternatively be used to
synthesize various portions of the molecule as
illustrated by the general schemes below, and the
preparative examples that follow.- 3 3 - Scheme 1 



-NH Cu CI HN- neat, reflux distill Z = HQ HQ 10% Pd/C
EtOH Z THF RT EDC/HoBT Z-Tbg-OH H 10% Pd/C 10% Pd/C
EtOH EtOH HHH EDC/HoBT EDC/HoBT Pyraz ne-2-COOH
Z-Chg-OH Triphenylphospme DEAD/THF ArOH O C ->
ambient- 3 4 - 1 1 TFA-DCM Sat HCI EtOAc Boc- N A H H
N Cl- H 10 HBTU DIEA DMA Cl- H NMM 10 11 Ar DMP tBuOH
11 o DCM  12 [0090] Scheme 1 above provides a general
synthetic route for the preparation of compounds of
formula I with various Ar groups, wherein T is
pyrazine, R1 is cyclohexyl, R2 is t-butyl, and W is a
-C(O)C(O) -N(H)- cyclopropyl . A s would be recognized
by skilledpractitioners, compounds of formula I with T
, R1, and R2 other than those depicted above may be
prepared by varying the synthetic route. [0091] For
example, compounds of formula I wherein T is other
than pyrazine may be prepared by reacting compound 5,
(after removal of the Z group) with a compound of
formula T-C (O)-OH under appropriate coupling
conditions . [0092] Similarly, substituting another
amino acid derivative for Z-Tbg-OH in the conversion
of compound 3 to compound 4 or another amino acid
derivative for Z-Chg- OH in the conversion of compound
4 to compound 5 would provide compounds with varying
R2 and R1 groups, respectively .Scheme 2 l .
Triphenylphospine DEAD/THF O C -> ambient coupling
conditions 7a 10 11a DMP tBuOH 



DCM 59 [0093] Scheme 2 above provides a general
synthetic route for the preparation of compound 59.
Scheme 3 P p -Ar ArX 13 14 15 [0094] An alternative
approach to preparing compounds of this invention is
depicted in Scheme . In this approach, a
4-hydroxyproline derivative 13 is reactedwith a
compound 14 to provide a compound 1 . n Scheme 3 , P1
is hydrogen or an appropriate amine protecting group,
P2 is hydrogen or an appropriate carboxy protecting
group, Ar is as defined herein, and X is an
appropriate leaving group. In one embodiment set forth
below, P1 is t-butoxycarbonyl , P2 is hydrogen, Ar is
4-chloro -2- pyridine, X is Cl, and 13 and 14 are
reacted in the presence of tBuOK, DMSO, and THF.
[0095] A s would be appreciated by skilled
practitioners, the compound 15 then may be carried on
to compounds of formula I by routine methods . One
such method is depicted below in Scheme 4- 3 8 -
Scheme 4 P l p C r-BuOK DMSO/THF 25 o 13a 14a 15a DBU,
CH CN TFA/CH C1 90:10 16 EDC/HOBt^MM, CH Cl TFAZCHCl
90:10 X Y 1 8 N= -Cl EDC/HOBt/NMM, CH Cl 1 9 - 3 9 - C
2 1 N= n C! EDC/HOBt/NMM,CH Cl Pd(Ph ) /PyiTolidme c
CHC /CH CN 22 EDC/HOBt/NMM,CH Cl  H N PH NIH 23 >  ( 0
59 [0096] Scheme 5 depicts an alternative approach for
preparing a compound of this invention (59). The steps
used in scheme 5 could be modified by, for example,
using different reagents or carrying out the reactions
in a different order. Scheme OH H )H PdCZH \ - I0 V
MeOH 2 27- 4 0 - [0097] Scheme 6 depicts an approach
for preparing CM 



compound 28. In this embodiment, a compound 27 is
converted to compound 28 by removal of the benzyl oxy
carbonyl protecting group under hydrogenolysis
conditions. This scheme 6 could be modified using
techniques known to skilled practitioners to arrive at
compound 28. Scheme 7 Triphenylphospine 1.
HCI(sat)/EtOAc, '- DEAD/THF C 2. Boc-R -OH, ArOH EDC,
HOBt, NMP, H Boc O C -> RT 27 2 8 R 29 1. NaOH, EtOH
2. PyBOP, DIEA, ArQ. | | OH R . HCI(sat)/EtOAc V , N 2
. Boc-R -OH, 3 0 t, NMP V R3' JJ H EDC, HOB R O \ R
10a ArQ, H R ArO, H 1. HCl(sat)/EtOAc Boc 3 3 0 1 H
HOBt, DIEA, . 0 3 0 u 2 . EDC/ DMF, T-CO H 0 R-, 3 1 3
2 ArO, 0 Ra Dess Martin A ,N periodinane, R t-BuOH, CH
CI HN b o o H 0 R 33 [0098] Scheme 7 depicts an
alternative approach to prepare compounds of this
invention. In scheme 7, the variables are as described
herein. [0099] Accordingly, one embodiment of this
invention provides a process for preparing a compound
of formula I, as defined in any of the embodiments
herein, comprising the step of: reacting a compound of
formula II in the- 4 1 - presence of a compound of
formula III to provide a compound of formula IV: p-Ar
R11 II III IV wherein: R10 is an amine protecting
group, a P3- residue of an HCV protease inhibitor
described herein, or a P4-P3- residue of an HCV
protease inhibitor as described herein, and wherein
the P3 and the P4-P3 residues are optionally protected
the an amino -terminal capping group; R11 is a carboxy
protecting group or a Pl residue of an HCV protease
inhibitor described herein, wherein the Pl residue is
optionally protected with a carboxy terminal
protecting group or with W . Ar is as define in any of
the embodiments herein. X is an appropriate leaving
group. As would be appreciated by skilled
practitioners, an appropriate leaving group may be
generated in situ. [0100] In an alternative
embodiment, the -hydroxy 



group in formula II may be converted to a leaving
group. In such an embodiment, X is a nucleophilic
oxygen which reacts with II to provide IV. [0101] As
used herein, Pl, P , P4 refer to the residues of an
HCV protease inhibitor as defined in the art and as
are well known to skilled practitioners. [0102] The
compound of formula IV may be carried on to a compound
of formula I according to the methods described
herein. [0103] Although certain exemplary embodiments
are depicted and described below, it will be
appreciated that compounds of this invention can be
prepared according to the methods described generally
above using appropriate- 4 2 - starting materials
generally available to one of ordinary skill in the
art. [0104] Another embodiment of this invention
provides a composition comprising a compound of
formula I or a pharmaceutical y acceptable salt
thereof. According to a preferred embodiment, the
compound of formula I is present in an amount
effective to decrease the viral load in a sample or in
a patient, wherein said virus encodes a serine
protease necessary for the viral life cycle, and a
pharmaceutical^ acceptable carrier. [0105] If
pharmaceutically acceptable salts of the compounds of
this invention are utilized in these compositions,
those salts are preferably derived from inorganic or
organic acids and bases. Included among such acid
salts are the following: acetate, adipate, alginate,
aspartate, benzoate, benzene sulfonate, bisulfate,
butyrate, citrate, camphorate, camphor sulfonate,
cyclopentane-propionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, -phenyl
-propionate, picrate, pivalate, propionate, succinate,
tartrate, thio yanate, tosylate and undecanoate . Base
salts include ammonium salts, alkali metal salts, such
as sodium and potassium salts, alkaline earth metal
salts, such as calcium and magnesium salts, salts with
organic bases, such as dicyclohexylamine salts,
M-methyl-D-glucamine, and salts with amino acids such
as arginine, lysine, and so forth. [0106] Also, the
basic nitrogen-containing groups may be quaternized
with such agents as lower alkyl halides,- 4 3 - such
as methyl, ethyl, propyl, and butyl chloride, bromides
and iodides; dialkyl sulfates, such as dimethyl,
diethyl, dibutyl and diamyl sulfates, long chain
halides such as decyl, lauryl, myristyl and stearyl
chlorides, bromides and iodides, aralkyl halides, such
as benzyl and phenethyl bromides and others. Water or
oil -soluble or dispersible products are thereby
obtained. [0107] The compounds utilized in the
compositions and methods of this invention may also be
modified by appending appropriate functionalities to
enhance selective biological properties. Such
modifications are known in the art and include those
which increase biological penetration into a given
biological system (e.g., blood, lymphatic system,
central nervous system), increase oral availability,
increase solubility to allow administration by
injection, alter metabolism and alter rate of
excretion. [0108] Pharmaceutical^ acceptable carriers
that may be used in these compositions include, but
are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human
serum albumin, 



buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone,
cellulose-based substances, polyethylene glycol,
sodium carboxymethylcellulose, polya rylates, waxes,
polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat. [0109] According to
a preferred embodiment, the compositions of this
invention are formulated for- 4 4 - pharmaceutical
administration to a mammal, preferably a human being.
[0110] Such pharmaceutical compositions of the present
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. The
term "parenteral" as used herein includes
subcutaneous, intravenous, intramuscular, intra
-articular, intra- synovial , intrasternal,
intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques.
Preferably, the compositions are administered orally
or intravenously. [0111] Sterile injectable forms of
the compositions of this invention may be aqueous or
oleaginous suspension. These suspensions may be
formulated according to techniques known in the art
using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable
diluent or solvent, for example as a solution in
1,3-butanediol . Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose, any bland fixed oil may be employed including
synthetic monoor di-glycerides . Fatty acids, such as
oleic acid and its glyceride derivatives are useful in
the preparation of injectables, as are natural
pharmaceuticallyacceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated
versions. These oil solutions or suspensions may also
contain a long-chain alcohol diluent or dispersant,
such as carboxymethyl cellulose or similar dispersing
agents which are commonlyused in the formulation of
pharmaceutical y acceptable dosage forms including
emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other
emulsifying agents or bioavailability enhancers which
are commonly used in the manufacture of
pharmaceutically acceptable solid, liquid, or other
dosage forms may also be used for the purposes of
formulation. [0112] Dosage levels of between about
0.01 and about 100 mg/kg body weight per day,
preferably between about . and about 75 mg/kg body
weight per day of the protease inhibitor compounds
described herein are useful in a monotherapy for the
prevention and treatment of antiviral, particularly
anti-HCV mediated disease. Typically, the
pharmaceutical compositions of this invention will be
administered from about 1 to about 5 times per day or
alternatively, as a continuous infusion. Such
administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be
combined with the carrier materials to produce a
single dosage form will vary depending upon the host
treated and the particular mode of administration. A
typical 



preparation will contain from about 5% to about 95%
active compound (w/w). Preferably, such preparations
contain from about 20% to about 80% active compound.
As recognized by skilled practitioners, dosages of
interferon are typically measured in IU (e.g., about 4
million IU to about 12 million IU) . [0113] When the
compositions of this invention comprise a combination
of a compound of formula I and one or more additional
therapeutic or prophylactic agents, both the compound
and the additional agent should be present at dosage
levels of between about 10 to 100%, andmore preferably
between about 10 to 80% of the dosage normally
administered in a monotherapy regimen. [0114] The
pharmaceutical compositions of this invention may be
orally administered in any orally acceptable dosage
form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of
tablets for oral use, carriers that are commonly used
include lactose and corn starch. Lubricating agents,
such as magnesium stearate, are also typically added.
For oral administration in a capsule form, useful
diluents include lactose and dried cornstarch. When
aqueous suspensions are required for oral use, the
active ingredient is combined with emulsifying and
suspending agents. If desired, certain sweetening,
flavoring or coloring agents may also be added .
[0115] Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administration. These may be
prepared by mixing the agent with a suitable
non-irritating excipient which is solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and
polyethylene glycols. [0116] The pharmaceutical
compositions of this invention may also be
administered topically, especially when the target of
treatment includes areas or organs readily accessible
by topical application, including diseases of the eye,
the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of
these areas or organs . [0117] Topical application for
the lower intestinal tract may be effected in a rectal
suppository formulation(see above) or in a suitable
enema formulation. Topically-transdermal patches may
also be used. [0118] For topical applications, the
pharmaceutical compositions may be formulated in a
suitable ointment containing the active component
suspended or dissolved in one or more carriers.
Carriers for topical administration of the compounds
of this invention include, but are not limited to,
mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene, polyoxypropylene
compound, emulsifying wax and water. Alternatively,
the pharmaceutical compositions may be formulated in a
suitable lotion or cream containing the active
components suspended or dissolved in one or more
pharmaceutically acceptable carriers. Suitable
carriers include, but are not limited to, mineral oil,
sorbitan monostearate, polysorbate 60, cetyl esters
wax, cetearyl alcohol, 2-octyldodecanol , benzyl
alcohol and water. [0119] For ophthalmic use, the
pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted
sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our
without a preservative such as benzylalkonium
chloride. Alternatively, for ophthalmic uses, the
pharmaceutical compositions may be formulated 



in an ointment such as petrolatum. [0120] The
pharmaceutical compositions of this invention may also
be administered by nasal aerosol or inhalation. Such
compositions are prepared according to techniques well
known in the art of pharmaceutical formulation and may
be prepared as solutions in saline, employing benzyl
alcohol or other suitable preservatives, absorption
promoters to enhance bioavailability,- 4 8 -
luorocarbons, and/or other conventional solubilizing
or dispersing agents. [0121] Most preferred are
pharmaceutical compositions formulated for oral
administration. [0122] In another embodiment, the
compositions of this invention additionally comprise
another anti-viral agent, preferably an anti-HCV
agent. Such anti-viral agents t include, but are not
limited to, immunomodulatory agents, such as -,,b-,
andg-interferons, pegylated derivatized interferon-
compounds, and thymosin; other anti-viral agents, such
as ribavirin, amantadine, and telbivudine; other
inhibitors of hepatitis C proteases (NS2-NS3
inhibitors and NS3-NS4A inhibitors) ; inhibitors of
other targets in the HCV life cycle, including
helicase and polymerase inhibitors; inhibitors of
internal ribosome entry; broad- spectrum viral
inhibitors, such as IMPDH inhibitors (e.g., compounds
of United States Patent 5,807,876, 6,498,178,
6,344,465, 6,054,472, WO 97/40028, WO 98/40381, WO
00/56331, and mycophenolic acid and derivatives
thereof, and including, but not limited to VX -497,
VX- , and/or VX- 944 ); or combinations of any of the
above. See also W . Markland et a ., Antimicrobial &
Antiviral Chemotherapy , 44, p . 859 (2000) and U.S.
Patent 6,541,496. VX-497 [0123] The following
definitions are used herein (with trademarks referring
to products available as of this application's filing
date).- 4 9 - [0124] "Peg-Intron" means PEG-Intron (r)
, peginteferon alfa -2b, available from Schering
Corporation, Kenilworth, NJ; [0125] "Intron" means
Intron-A (r) , interferon alfa-2b available from
Schering Corporation, Kenilworth, NJ; [0126]
"ribavirin" means ribavirin (1-beta-Dribofuranosyl-
ribofuranosyl-lH-1 , 4,-triazole-3-carboxamide,
available from ICN Pharmaceuticals, Inc., Costa Mesa,
CA; described in the Merck Index, entry 8365, Twelfth
Edition; also available as Rebetol (r) from Schering
Corporation, Kenilworth, NJ, or as Copegus (r) from
Hoffmann-La Roche, Nut ley, NJ; [0127] "Pagasys" means
Pegasys (r) , peginterferon alfa-2a available
Hoffmann-La Roche, Nutley, NJ; [0128] "Roferon" mean
Roferon (r) , recombinant interferon alfa - 2a
available from Hoffmann-La Roche, Nutley, NJ; [0129]
"Berefor" means Berefor (r) , interferon a 2 available
from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT; [0130] Sumiferon (r) , a purified
blend of natural alpha interferons such as Sumiferon
available from Sumitomo, Japan; [0131] Wellferon (r) ,
interferon alpha n available from Glaxo_Wellcome LTd.,
Great Britain; [0132] Alferon (r) , a mixture of
natural alpha interferons made by Interferon Sciences,
and available from Purdue Frederick Co., CT; [0133]
The term "interferon" as used herein means a member of
a family of highly homologous species-specif c
proteins that inhibit viral replication and cellular
proliferation, and modulate immune response, such as 



interferon alpha, interferon beta, or interferon
gamma. The Merck Index, entry 5015, Twelfth
Edition.[0134] According to one embodiment of the
present invention, the interferon is -interf eron.
According to another embodiment, a therapeutic
combination of the present invention utilizes natural
alpha interferon 2a. Or, the therapeutic combination
of the present invention utilizes natural alpha
interferon 2b. In another embodiment, the therapeutic
combination of the present invention utilizes
recombinant alpha interferon 2a or 2b. In yet another
embodiment, the interferon is pegylated alpha
interferon 2a or 2b. Interferons suitable for the
present invention include : (a) Intron
(interferon-alpha 2B, Schering Plough) , (b)
Peg-Intron, (c) Pegasys, (d) Roferon, (e) Berofor, (f)
Sumiferon, (g) Wellferon, (h) consensus alpha
interferon available from Amgen, Inc., Newbury Park,
CA, (i) A eron; (j) Viraferon (r) (k) Infergen (r) .
[0135] A s is recognized by skilled practitioners, a
protease inhibitor would be preferably administered
orally. Interferon is not typically administered
orally. Nevertheless, nothing herein limits the
methods or combinations of this invention to any
specific dosage forms or regime. Thus, each component
of a combination according to this invention may be
administered separately, together, or in any
combination thereof. [0136] In one embodiment, the
protease inhibitor and interferon are administered in
separate dosage forms. In one embodiment, any
additional agent is administered as- 5 1 - part of a
single dosage form with the protease inhibitor or as a
separate dosage form. A s this invention involves a
combination of compounds, the specific amounts of each
compound may be dependent on the specific amounts of
each other compound in the combination. A s recognized
by skilled practitioners, dosages of interferon are
typically measured in IU (e.g., about 4 million IU to
about 12 million IU) . [0137] Accordingly, agents
(whether acting as an immunomodulatory agent or
otherwise) that may be used in combination with a
compound of this invention include, but are not
limited to, interferon-alph 2B (Intron A , Schering
Plough) ; Rebatron (Schering Plough, Inteferonalpha 2B
+ Ribavirin) ; pegylated interferon alpha (Reddy, K .
. et al. "Efficacy and Safety of Pegylated (40-kd)
interferon alpha-2a compared with interferon alpha-2a
in noncirrhotic patients with chronic hepatitis C
(Hepatolog y , 33, pp. 433-438 (2001); consensus
interferon (Kao, J .H., et a ., "Efficacy of Consensus
Interferon in the Treatement of Chronic Hepatitis" J .
Gastroenterol. Hepatol . 15, pp. 1418-1423 (2000) ,
interf eron-alpha 2A (Roferon A ; Roche) ,
lymphoblastoid or "natural" interferon; interferon tau
(Clayette, P . et a ., "IFNtau, A New Interferon Type
I with Antiretroviral activity" Pathol. Biol. (Paris)
47, pp. 553-559 (1999) ; interleukin 2 (Davis, G . .
et a ., "Future Options for the Management of
Hepatitis C." Seminars in Liver Disease , 19, pp.
103-112 (1999); Interleukin 6 (Davis et a . "Future
Options for the Management of Hepatitis C." Seminars
in Liver Disease 19, pp. 103-112 (1999); interleukin
12 (Davis, G . . et a ., "Future Options for the
Management of Hepatitis C." Seminars in Liver Disease
, 19, pp. 103-112 (1999); Ribavirin, and compounds 



that enhance the development of type 1 'helper T
cellresponse (Davis et a ., "Future Options for the
Management of Hepatitis C." Seminars in Liver Disease
, 19, pp. 103-112 (1999) . Interferons may ameliorate
viral infections by exerting direct antiviral effects
and/or by modifying the immune response to infection.
The antiviral effects of interferons are often
mediated through inhibition of viral penetration or
uncoating, synthesis of viral RNA, translation of
viral proteins, and/or viral assembly and release.
[0138] Compounds that stimulate the synthesis of
interferon in cells (Tazulakhova, . . et a ., "Russian
Experience in Screening, analysis, and Clinical
Application of Novel Interferon Inducers" J .
Interferon Cytokine Res ., 21 pp. 65-73) include, but
are not limited to, double stranded RNA, alone or in
combination with tobramycin, and Imiguimod (3M
Pharmaceuticals; Sauder, D.N. "Immunomodulatory and
Pharmacologic Properties of Imiquimod" J Am. Acad.
Dermatol. , 43 pp. S6-11 (2000) . [0139] Other
non-immunomodulatory or immunomodulatory compounds may
be used in combination with a compound of this
invention including, but not limited to, those
specified in WO 02/18369, which is incorporated herein
by reference (see, e.g., page 273, lines 9-22 and page
274, line 4 to page 276, line 11) . [0140] This
invention may also involve administering a cytochrome
P450 monooxygenase inhibitor. CYP inhibitors may be
useful in increasing liver concentrations and/or
increasing blood levels of compounds that are
inhibited by CYP. [0141] If an embodiment of this
invention involves a CYP inhibitor, any CYP inhibitor
that improves the pharmacokinetics of the relevant
NS3/4A protease may be used in a method of this
invention. These CYP inhibitors include, but are not
limited to, ritonavir (WO 94/14436) ,ketoconazole,
troleandomycin, -methyl pyrazole, cyclosporin,
clomethiazole, cimetidine, itraconazole, fluconazole,
miconazole, fluvoxamine, fluoxetine, nefazodone,
sertraline, indinavir, nelfinavir, amprenavir,
osamprenavir, saquinavir, lopinavir, delavirdine,
erythromycin, VX-944, and VX-497. Preferred CYP
inhibitors include ritonavir, ketoconazole,
troleandomycin, -methyl pyrazole, cyclosporin, and
clomethiazole. For preferred dosage forms of
ritonavir, see United States Patent 6,037, 157, and
the documents cited therein: United States Patent
5,484,801, United States Application 08/402,690, and
International Applications WO 95/07696 and WO
95/09614) . [0142] Methods for measuring the ability
of a compound to inhibit cytochrome P50 monooxygenase
activity are known (see US 6,037,157 and Yun, et a .
Drug Metabolism & Disposition , vol. 21, pp. 403-407
(1993) . [0143] Upon improvement of a patient's
condition, a maintenance dose of a compound,
composition or combination of this invention may be
administered, if necessary. Subsequently, the dosage
or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at
which the improved condition is retained when the
symptoms have been alleviated to the desired level,
treatment should cease. Patients may, however, require
intermittent treatment on a long-term basis upon any
recurrence of disease symptoms. [0144] It should also
be understood that a specific dosage and treatment
regimen for any particular patient will depend upon a
variety of factors, including the activity of the
specific compound employed, the age, body weight,
general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment
of the treating physician and the severityof the
particular disease being treated. The amount of active
ingredients will also depend upon the particular 



described compound and the presence or absence and the
nature of the additional ant -viral agent in the
composition. [0145] According to another embodiment,
the invention provides a method for treating a patient
infected with a virus characterized by a virally
encoded serine protease that is necessary for the life
cycle of the virus by administering to said patient a
pharmaceutically acceptable composition of this
invention. Preferably, the methods of this invention
are used to treat a patient suffering from a HCV
infection. Such treatment may completely eradicate the
viral infection or reduce the severity thereof. More
preferably, the patient is a human being. [0146] In an
alternate embodiment, the methods of this invention
additionally comprise the step of administering to
said patient an anti-viral agent preferably an anti-
HCV agent. Such ant -viral agents include, but are not
limited to, immunomodulatory agents, such as -, b-,
and g -interferons, pegylated derivatized
interferoncompounds, and thymosin; other anti-viral
agents, such as ribavirin and amantadine; other
inhibitors of hepatitis C proteases (NS2-NS3
inhibitors and NS3-NS4A inhibitors) ; inhibitors of
other targets in the HCV life cycle, including
helicase and polymerase inhibitors; inhibitors of
internal ribosome entry; broad-spectrum viral
inhibitors, such as IMPDH inhibitors (the IMPDH
inhibitors disclosed in United States Patent
5,807,876, mycophenolic acid and derivatives thereof)
; or combinations of any of the above. [0147] Such
additional agent may be administered to said patient
as part of a single dosage form comprisingboth a
compound of this invention and an additional anti
viral agent. Alternatively the additional agent may be
administered separately from the compound of this
invention, as part of a multiple dosage form, wherein
said additional agent is administered prior to,
together with or following a composition comprising a
compound of this invention. [0148] In yet another
embodiment the present invention provides a method of
pre-treating a biological substance intended for
administration to a patient comprising the step of
contacting said biological substance with a
pharmaceutically acceptable composition comprising a
compound of this invention. Such biological substances
include, but are not limited to, blood and components
thereof such as plasma, platelets, subpopulations of
blood cells and the like; organs such as kidney,
liver, heart, lung, etc; sperm and ova; bone marrow
and components thereof, and other fluids to be infused
into a patient such as saline, dextrose, etc. [0149]
According to another embodiment the invention provides
methods of treating materials that may potentially
come into contact with a virus characterized by a
virally encoded serine protease necessary for its life
cycle. This method comprises the step of contacting
said material with a compound according to the
invention. Such materials include, but are not limited
to, surgical instruments and garments (e.g. clothes,
gloves, aprons, gowns, masks, eyeglasses, footwear,
etc.); laboratory instruments and garments (e.g.
clothes, gloves, aprons, gowns, masks, eyeglasses,
footwear, etc.); blood collection apparatuses and
materials; and invasive devices, such as shunts,
stents, etc. [0150] In another embodiment, the
compounds of this invention may be used as laboratory
tools to aid in theisolation of a virally encoded
serine protease. This method comprises the steps of
providing a compound of this invention attached to a
solid support; contacting said solid support with a
sample containing a viral 



serine protease under conditions that cause said
protease to bind to said solid support; and eluting
said serine protease from said solid support.
Preferably, the viral serine protease isolated by this
method is HCV NS3-NS4A protease . [0151] In order that
this invention be more fully understood, the following
preparative and testing examples are set forth. These
examples are for the purpose of illustration only and
are not to be construed as limiting the scope of the
invention in any way. EXAMPLES [0152] H-NMR spectra
were recorded at 500 MHz using a Bruker AMX 500
instrument. Mass spec samples were analyzed on a
MicroMass ZQ or Quattro II mass spectrometer operated
in single MS mode with electrospray ionization.
Samples were introduced into the mass spectrometer
using flow injection (FIA) or chromatography. Mobile
phase for all mass spec analysis consisted of
acetonitrile-water mixtures with 0.2% formic acid as a
modifier. [0153] A s used herein, the term R (min)" or
"RT" refers to the HPLC retention time, in minutes,
associated with the compound. The HPLC retention times
listed were obtained from the mass spec data or using
the following method (Method B ) : Instrument: Hewlett
Packard HP-1050; Column: YMC (Cat. No. 326289C46) ;
Gradient/Gradient Time: 10-90% CH CN/H2O over 9
minutes, then 100% CH CN for 2 minutes; Flow Rate:
0.8ml/min;Detector Wavelength: 215nM and 245nM. [0154]
Chemical naming for selected compounds herein was
accomplished using the naming program provided by
CambridgeSof Corporations ChemDraw Ultra (r) , version
7.0.1. Example 1 Preparation of compound 59
-Hydroxy-pyrrolidine- ,2-dicarboxylic acid -benzyl
ester 2- tert-butyl ester (3) [0155] Commercially
available (Bachem) Z-Hydroxy - proline(l)(10g,
42.51mmols) was dissolved 9OmIs of THF
(tetrahydrofuran) and was cooled to 0 C with an ice
water bath. To this was added previously prepared
tertbutyl N , '-diisopropyl-imidocarbamate (2) (27ml,
135mmol) via a dropping funnel over 30 minutes. After
addition the cooling bath was removed and the reaction
stirred at ambient temperature for 24 hours. The
volume of the reaction was reduced and then diethyl
ether was added prior to washing with saturated sodium
bicarbonate, then . M hydrochloric acid, then water,
and finally with brine. The organic layer was dried
with sodium sulfate and concentrated i vacuo to give
15g of crude material. Material was run through a plug
of SiO2 and eluted with 45% EtOAc-Hexanes to give
-Hydroxy-pyrrolidine- , - dicarboxylic acid 1-benzyl
ester -tert-butyl ester 3 as a colorless oil 11. g
(81%) NMR (CDC13, ppm) d 7.35 (m, 5H), 5.2 (m,2H) ,
4.3 (m,2H), 4.65 (m,3H), . 5 (m,IH) , 2.1 (t,lH),
1.35,1.55 (rotomers, 1.45,9H). 1-(2-(2-Cyclohexyl-2-
[(pyrazine-2-carbonyl) -amino] - acetylamino} - ,
-dimethyl-butyryl) - -hydroxy -pyrr
olidine-2-carboxylic acid tert-butyl ester (6) [0156]
Mixed (3) in EtOH, and added catalytic amount of 10%
Pd on carbon, then stirred under 1 atmosphere
ofhydrogen using a balloon. After 12 hours the
reaction was shown to be complete by tic, and the
catalyst was filtered and washed with EtOH. The
filtrate was concentrated and dried under high vacuum
to give the amine as a yellow solid, which was carried
on into the next step. Z-Tbg-OH (8.3g, 31.1mmols) was
dissolved in 



NMP and to it was added EDC (6.Og, 31.1mmols), HOBT
(4.2g, 31.1mmols), DMAP (340mgs, 2.8mmols), and cooled
to 0 C using and ice-water bath. To this mixture was
added the amine as a solution in NMP, and the reaction
was stirred for 2 days. The reaction was poured over
ice and acidified with . N hydrochloric acid to pH 5,
and then extracted with EtOAc. The organic extracts
were washed with saturated sodium bicarbonate, then
water, and finally with brine. The organic layer was
dried with sodium sulfate and concentrated in vacuo to
give 1 . g of crude material. Purification was carried
out using chromatography on SiO2, eluting with 50%
EtOAc - Hexanes . Concentration of the homogeneous
fractions yielded 10.5 grams of 4 as a colorless foam
(85%) and used as is in the next step. [0157] To a
mixture of 4 (10.5g, 24.16mmol) in EtOH, was added a
catalytic amount of 10% Pd on carbon, then stirred
under 1 atmosphere of hydrogen using a balloon. After
12 hours the reaction was shown to be complete by tic,
and the catalyst was filtered and washed with EtOH.
The filtrate was concentrated and dried under high
vacuum to give the amine as a yellow solid, which was
carried on into the next step. Z-Chg-OH (7.7g,
26.6mmols) was dissolved in NMP and to it was added
EDC (5.1g, 26.7mmols), HOBT (3.6g, 26.6mmols), and
cooled to 0 C using and ice-water bath. To this
mixture was added the previously prepared amine as a
solution in NMP, and the reaction was stirred for 2
days. The reaction was poured- 5 9 - over ice and
brine, and then extracted with EtOAc. The organic
extracts were washed with . N hydrochloric acid,
saturated sodium bicarbonate, water, and finally with
brine. The organic extract was dried with sodium
sulfate and concentrated in vacuo to give 15.31g of 5
as crude material, which was used as is in the next
step. [0158] To a solution of 5 (5.6g, 9.76mrnol) in
EtOH, was added a catalytic amount of 10% Pd on
carbon, then stirred under 1 atmosphere of hydrogen
using a balloon. After 12 hours the reaction was shown
to be complete by tic, and the catalyst was filtered
and washed with EtOH. The filtrate was concentrated
and dried under high vacuum to give the amine as an
amorphous solid, which was carried on into the next
step. Pyrazine-2-carboxylic acid (1.45g, 11.7mmols)
was dissolved in NMP and to it was added EDC (2.24g,
11.7mmols), HOBT (1.34g, 11.7mmols), and cooled to 0 C
using and ice bath. To this mixture was added the
previously prepared amine as a solution in NMP, and
the reaction was stirred for 2 days. The reaction was
poured over ice and brine, and then extracted with
EtOAc. The organi/c extracts were washed with . N
hydrochloric acid, saturated sodium bicarbonate,
water, and finally with brine. The organic extract was
dried with sodium sulfate and concentrated in vacuo to
give 5.3g (99%) of 6 as a colorless foam, which was
used as is in the next step. Pyrazine - 2c-arboxylic
acid ( - [4-(5-chloro-pyridin-2 -
yloxy)-2-(1-cyclopropylaminooxalyl-butylcarbam
oyl)-pyrrolidine-1 c-arbonyl]-2, -dimethyl - propyl
carbamoyl}-cyclohexyl-methyl)-amide (59) To a solution
of 6 (0.15g, 0.28mmols) in anhydrous THF was added
triphenylphosphine (0.131g, 0.5mmols), 2- hydroxy-
-chloro -pyridine (65mgs, 0.5mmols), and last was
added the diethyl azodicarboxylate (0.10OmL,
1.85mmols).The reaction was stirred at room
temperature for 18 hours or until the reaction showed
no 6 remaining by HPLC. THF was removed from the
reaction and then the material was taken up in EtOAc,
and washed with . N NaOH, . N hydrochloric acid,
water, and finally with brine. The organic extract was
dried with sodium sulfate and concentrated in vacuo to
give the crude tert -butyl ester. 



The tert -butyl ester group was hydrolyzed to the
carboxylic acid by treatment with 50% trifluoroacetic
acid in dichloromethane for 3 hours. The solvent was
removed under vacuum, and then the residue was taken
up with 0.1N NaOH, and washed with EtOAc. The aqueous
phase was acidified with 5% citric acid, and then
extracted with EtOAc. The resultant organic phase was
washed with water and then brine, and then the organic
extract was dried with sodium sulfate and concentrated
in vacuo to give
4-(5-Chloro-pyridin-2-yloxy)-1-(2-{2-cyclohexyl-2-
[(pyrazine-2-carbonyl)-amino] -acetylamino} - ,
-dimethyl - butyryl)-pyrrolidine-2-carboxylic acid 7a
as a colorless foam, which was used as is in the next
step. To a solution of 7a in 2mls of dimethyl
formamide was added TBTU (0.15g, 0.47mmols), DIEA
(0.15mL, l.lmmols), and the reaction was stirred for
1.5 hours, and then the amine 10 [U. Schoellkogf et a
., Justus Liebigs Ann. Chem . G , pp. 183-202 (1976)
and J . Semple et a ., Org. Letts. , 2 , pp. 2769-2772
(2000) was added to the mixture followed by
4-methylmorpholine (0.2mL, 1.82mmol) . The reaction
was stirred at ambient temperature for 12 hours, and
then was poured over water and extracted EtOAc . The
organic extract was dried with sodium sulfate and
concentrated in vacuo to give pyrazine-2-carboxylic
acid [(l-{4-(5-chloro-pyridin-2-yloxy)-2- [1-
(cyclopropylcarbamoyl-hydroxy-methyl)-butyl carbamoyl]
- pyrrolidine-1-carbonyl }- , -dimethyl-propyl
carbamoyl) -cyclohexyl -methyl]-amide 11a (40mgs) as a
colorless foam, which was used as is in the next step.
To a solution of 11a (40tng) in dichloromethane (4ml)
was added tertbutanol O.lmL, and Dess-Martin
periodinane (40mgs, 0.086mmol), and then stirred at
ambient temperature for 6 hours. To the reaction was
added ImL of a 1:1 mixture of N sodium thiosulfate and
saturated sodium bicarbonate. After 15 minutes the
reaction was extracted with EtOAc and then the solvent
was removed under vacuum. Purification was carried out
using chromatography on SiO2, eluting with 50% EtOAc -
Hexanes . Concentration of the homogeneous fractions
yielded 0.095 grams of 59 as a colorless foam (4.5%
based on 0.28mmols of 6). H NMR (CDCl , ppm) d
9.39(s,lH), 8.76(s,lH), 8.56(s,lH), 8.24
(d,IH,J=9.6Hz) 8.08(s,lH), . (d,IH, .4Hz) , 7
.69(s,IH), 7.47-7.40 (m,2H) , . (d,IH, J=8 .75Hz) ,
5.63(s,lH), 5.60-5.50(m,IH) 4 . (m,IH), 4 . (m,IH),
4.11 (d,IH,J=Il.6Hz) , . (m,IH) , . (m,IH) . (m,IH) ,
.25 (m,IH) , . (m, . 90-1 . (m,IH) , .25-0 . (m,18H) ,
(0.73 (m,2H) ; LC/MS : RT = 3.61min, 4.15min (10-90%
CH3CN/7min) ; MH+ = 767.3, M - = 765.5. Example 2
Alternative Preparation of Compound 59 [0159] Boc-Pro
( (R)- 5-Chloro-pyridin 2--yloxy) -OH (15a) Boc-Hyp-OH
(130 g , 562.16 mmol) was dissolved in anhydrous DMSO
(1.6 L ) and to this solution was added M potassium
tert- butoxide in THF (1.4 L , 140 mmol) maintaining
the internal temperature under 25 C . After stirring
the solution for 1.5 h at RT, ,5-Dichloropyridine
(90.Og, 608.15 mmol) was added and the reaction
mixture was stirred for 18 h at RT. The mixture was
poured into water (2.5 L ) and extracted with Ethyl
Ether (1 L ) to remove excess ,5-Dichloro-pyridine .
The aqueous layer was then acidified with N HCL (0.8
L) andextracted two times with Ethyl Acetate (2.5 L )
. The organic layers were combined and washed with
Brine. The Ethyl Acetate was dried with magnesium
sulfate, filtered and concentrated under reduced
pressure to give a brown oil ~ 210 g crude material.
Boc-Pro (4(R)- 5-Chloro-pyridin-2-yloxy)-allyl ester
(16) [0160] Boc-Pro (4(R)-
5-Chloro-pyridin-2-yloxy)-OH (15a) (~210g, 557mmol)
was dissolved in anhydrous 



acetonitrile (1.5 L) , , , , , ,
1,0-Octahydro-pyrimido [1,2-a] azepine (DBU) (0.13 L ,
869.28 mmol) and allyl bromide (81.5g, 673.66 mmol)
were added successively and the reaction mixture was
stirred for 18 h at RT. The mixture was concentrated,
the resulting oil was diluted with Ethyl Acetate (2 L
) and washed successively with water two times 500 L
and Brine 500 mL. The Ethyl Acetate layer was dried
with magnesium sulfate, filtered and concentrated
under reduced pressure to give a brown oil which was
applied to a silica column with methylene chloride and
eluted with 25% ethyl acetate in hexane to yield a
yellow oil, 181 g , 472.77 mmol, 84% for two steps.
Pro (4(R)- 5-Chloro-pyridin-2-yloxy)-allyl ester (17)
[0161] Boc-Pro (4(R)- 5-Chloro-pyridin-2-yloxy)-allyl
ester (16) (181g, 427.77 mmol) was treated with cold 0
C (440 mL) 90:10 Triflouroacetic acid, Methylene
Chloride. The mixture was allowed to come to RT and
stirred for 3 h . After 3 h 400 mL Toluene was added
to the mixture and it was concentrated under reduced
pressure to yield the crude Triflouroacetic acid salt
of (17) . Boc -Tbg-Pro (4(R)-
5-Chloro-pyridin-2-yloxy)-allyl ester (18) [0162] Pro
(4(R)- 5-Chloro-pyridin-2-yloxy)-allyl ester (17)
(187g, theor .), the crude triflouroacetic- 63 - acid
salt was coupled to a cooled 0 C solution of Boc-
Tbg-OH (11Og, 475.56 mmol) , NMM (155 mL, 1,410 mmol)
, EDC (99g, 518.32 mmol), HOBt (70 g , 518.32 mmol) in
400 mL Methylene Chloride. The mixture was allowed to
come to RT and stirred for 18 h . The mixture was
concentrated, the resulting oil was diluted with Ethyl
Acetate (2 L ) and washed successively with . N HCL
two times 500 mL, and water 500 mL, Brine 500 mL. The
Ethyl Acetate layer was dried with magnesium sulfate,
filtered and concentrated under reduced pressure to
give a brown oil which was applied to a silica column
with methylene chloride and eluted with 15% ethyl
acetate in hexane to yield a pale yellow foam, 180 g ,
362.83 mmol, 77%. Tbg-Pro (4(R)-
5-Chloro-pyridin-2-yloxy)-allyl ester (19) [0163]
Boc-Tbg-Pro (4(R)- 5-Chloro~pyridin-2-yl xsy) - allyl
ester (18) (18Og, 362.83 mmol), was treated with cold
0 C (330 mL) 90:10 Trif louroacetic acid, Methylene
Chloride . The mixture was allowed to come to RT and
stirred for 3 h . After 3 h Toluene (200 mL) was added
to the mixture and it was concentrated under reduced
pressure to yield a yellow oil to which methylene
chloride (100 mL) , ethyl ether (1.5 L ) were added
successively. The mixture was stirred and 4N HCL
dioxane was added (50 mL) stirring was continued for h
and the crude HCL dipeptide salt was filtered and
washed with cold ethyl ether 0 C to yield 142.5g,
323.86 mmol 91%. Boc-Chg- Tbg-Pro (4(R)-
5-Chloro~pyridin-2 -yloxy)-allyl ester (20) [0164]
Tbg-Pro (4(R)- 5-Chloro-pyridin-2 -yloxy)-allyl ester
(19) (142.5g, 323.86 mmol) was coupled to a cooled 0 C
solution of Boc-Chg-OH (94g, 365.29 mmol), NMM (109
mL, 994.18 mmol), EDC (69g, 361.26 mmol), HOBt (48.77
g , 361.26 mmol) in 400 mL Methylene Chloride. The
mixturewas allowed to come to RT and stirred for 18 h
. The mixture was concentrated, the resulting oil was
diluted with Ethyl Acetate (2 L ) and washed
successively with . N HCL two times 500 mL, and water
500 mL, Brine 500 mL. The Ethyl Acetate layer was
dried with magnesium sulfate, filtered and
concentrated under reduced pressure to give a brown
oil which was applied to a silica column with
methylene chloride and eluted with 25% ethyl acetate
in hexane to yield a pale yellow foam, 180 g , 362.83
mmol, 77%. 



Chg-Tbg-Pro (4(R)- 5-Chloro-pyridin-2-yloxy)-allyl
ester (21) [0165] Boc-Chg-Tbg-Pro (4(R)-
5-Chloro-pyridin-2- yloxy)-allyl ester (20) (65 g ,
102.33 mmol) was treated with cold 0 C (250 mL) 90:10
Triflouroacetic acid, Methylene Chloride. The mixture
was allowed to come to RT and stirred for 3 h . After
3 h Toluene (200 mL) was added to the mixture and it
was concentrated under reduced pressure to yield a
yellow oil to which methylene chloride (200 mL) was
added the mixture was stirred and, ethyl ether (1.5 L)
were added successively and the crude TFA tripeptide
salt was filtered and washed with cold ethyl ether 0 C
to yield 66g, 101.53 mmol 98%. Pyrazine-2- carbonyl
-Chg-Tbg-Pro (4(R)- 5-Chloropyridin- 2-yloxy)-allyl
ester (22) [0166] Chg-Tbg-Pro (4(R)-
5-Chloro-pyridin-2-yloxy) - allyl ester (21) (66g,
101.53 mmol), the crude TFA salt was coupled to a
cooled 0 C solution of Pyrazine-2- carboxylic acid
(13.6g, 109.69 mmol), NMM (44 mL, 400.19 mmol), EDC
(21g, 109.95 mmol), HOBt (14.85 g , 109.95 mmol) in
500 mL Methylene Chloride. The mixture was allowed to
come to RT and stirred for 18 h . The mixture was
concentrated, the resulting oil was diluted with Ethyl
Acetate (2 L) and washed successively with . N HCLtwo
times 500 L , and water 500 mL, Brine 500 mL. The
Ethyl Acetate layer was dried with magnesium sulfate,
filtered and concentrated under reduced pressure to
give a brown oil which was applied to a silica column
with methylene chloride and eluted with 45% ethyl
acetate in hexane to yield a pale yellow foam, 64.66 g
, 100.85 mmol , 99%. Pyrazine-2- carbonyl -Chg-Tbg-Pro
(4(R)- 5-Chloropyridin -2-yloxy)-OH (23) [0167]
Pyrazine-2- carbonyl -Chg-Tbg-Pro (4(R)- 5-
Chloro-pyridin-2-yloxy)-allyl ester (22) (64.66g,
100.85 mmol) was dissolved in an anhydrous mixture
(250 mL) 50:50 Acetonitrile, Methylene Chloride.
Tetrakis (triphenylphosphine)-palladium (0) catalyst
(1.5g, 1.30 mmol) was added followed by pyrrolidine
(8.55 mL, 102.44 mmol) . The reaction mixture was
stirred at RT for 18 h . After 18 h the solvent was
evaporated. The oil was dissolved in Ethyl Acetate
(2L) and extracted with 10% citric acid (250 mL) two
times, Brine (250 mL) . The Ethyl Acetate layer was
dried with magnesium sulfate, filtered and
concentrated under reduced pressure to give a pale
yellow solid 58.5g, 97.32 mmol 96%. 3-Amino
-2-hydroxy-hexanoic acid eye lopropyl amide (24)
[0168] [1-(Cyclopropylcarbamoyl-hydroxy-methyl) -
butyl]-carbamic acid benzyl ester (48g, 149.82 mmol)
was dissolved in Methanol (IL) and degassed with
nitrogen for five minutes, palladium, 10 wt. % on
activated carbon (2.5 g ) was added, hydrogen was then
added for 18 h . After 18 h the hydrogen was removed
and the reaction was degassed with nitrogen and
filtered the resulting filtrate was evaporated and
dried under high vacuum to give a white solid 26.9 g ,
144.42 mmol 97%. Pyrazine-2- carbonyl -Chg-Tbg-Pro
(4(R)- 5-Chloropyridin- 2-yloxy)-Nva-hydoxy
cyclopropylamide (25)[0169] 3-Amino-2-hydroxy-hexanoic
acid cyclopropylamide (24) 2Og, 107.37 mmol, was
coupled to Pyrazine-2-carbonyl-Chg-Tbg Pr-o (4(R)-
5-Chloro p-yridin - 2-yloxy)-0H (23) 58.5g, 97.32
mmol, NMM (11.76 mL, 106.96 mmol), EDC (20.45g, 107.07
mmol), HOBt (14.45 g , 107.07 mmol) in 250 mL
Methylene Chloride. The mixture was stirred for 18 h .
The mixture was concentrated, the resulting oil was
diluted with Ethyl Acetate (2 L ) and washed
successively with . N HCL two times 500 mL, and water
500 mL, Brine 500 mL. The Ethyl Acetate layer was
dried with magnesium sulfate, filtered and
concentrated under reduced pressure to give a brown
oil which was 



applied to a silica column with methylene chloride and
eluted with 2% Methanol in Ethyl Acetate to yield a
pale yellow foam, 61.5 g , 79.94 mmol, 74%.
Pyrazine-2-carboxylic acid ({l- [4-(5-chloro
-pyridin-2-
yloxy)-2-(1-cyclopropylaminooxalyl-butylcarbam
oyl)-pyrrolidine-1-carbonyl] - d,im-ethyl -
propylcarbamoyl -}cyclohexyl- methyl)-amide (59)
[0170] To a 4L round bottom equipped with an overhead
stirrer a thermocouple and an active nitrogen inlet
was added EDC (229.0g, 151.83 mmol), follwed by
anhydrous Ethyl Acetatel23 0 mL, Stirring was started
to effect a thick slurry. To this was added
Pyrazine-2-carbonyl-Chg- Tbg-Pro (
(R)-5-Chloro-pyridin-2-yloxy)-Nva-hydoxy
cyclopropylamide (25) 61.5 g , 79.94 mmol, dissolved
Ethyl Acetate (250 mL) then anhydrous DMSO (460 mL)
was added. A cooling bath was applied to bring the
internal temperature to 7 C . A cooled 7 C solution
Dichloroacetic acid (65.94 mL, 787.20 mmol) in Ethyl
Acetate (100 mL) was added such that the internal
temperature was maintained between 12 and 25 C . The
cooling bath removed and the thin slurry was stirred
for . A cooling bath was applied and the reaction
wasquenched with N HCL (1,230 mL) while maintaining
the temperature between 15 and 25 C . The organic
layer was separated and washed with water (200 mL)
three times, brine (200 mL) . The Ethyl Acetate layer
was dried with magnesium sulfate, filtered and
concentrated under reduced pressure to with a bath
temperature of not more than 40 C to give a brown oil
which was applied to a silica column with methylene
chloride and eluted with 90% Ethyl Acetate in hexane
to yield a pale yellow foam, 4 . g , 57.34 mmol , 72%.
NMR (CDCl ) 9.39 lH(s), 8.76 H (s), 8.55 lH(s), 8.22
lH(d), 8.08 lH(s), 7.47 IH(NH), 7.45 (d) 7.35 IH(NH),
7.01 IH(NH), 6.49 (d), 5.63 (m), 5.53 (m), 4.88 (m),
4.70 lH(d), 4.67 (m), 4.11 (m), 4.01 (m), 2.86 (m),
2.57 (m), 2.25 (m), 1.96 (m), 1.80 (m), 1.70 6 (m),
1.60 2H(m), 1.50 2H(m), 1.25 3H (m), 0.96 12H(m), 0.91
2H (m), 0.72 2H(m) . Example 3 [0171] Compounds 1-72
and 74-76 have been prepared substantially as
described herein. Analytical data for these compounds
were consistent with the disclosed structures of the
compounds. Further selected data is provided below: LC
Mass Spectrometry Data LC Mass Spectrometry Data Cmpd
Method MASS + RT n . 1 A 801.81 1.54 2 A 800.83 1.68 3
A 800.51 1.77 4 A 750.54 1.63 5 A 800.31 1.50 6 A
800.43 1.61 7 A 768.27 1.93 8 A 768.31 1.91Cmpd Method
MASS + RT no. 9 A 816.26 2.07 10 A 768.28 1.99 11 A
868.27 2.18 12 A 800.26 2.16 13 A 800.17 2.03 14 A
816.14 2.07 15 A 808.16 2.17 16 A 816.12 2.25 17 A
808.41 2.0 9 18 A 750.39 1.97 19 A 808.40 2.17 20 A
766.34 1.99 



21 A 762.43 1.94 22 A 800.38 2.08 23 A 792.30 1.87 24
A 792.30 1.97 25 A 767.67 1.43 26 A 778.00 1.48 27 A
(M+Na )/824.58 1.48 28 A (M+Na )/832.65 1.46 29 A
(M+Na )/824.61 1.52 30 A (M+Na )/824.61 1.51 31 A
(M+Na )/856.67 1.58 32 A (M+Na )/774.63 1.39 33 A
(M+Na )/800.62 1.48 34 B 734.10 3.73 52 B 790.30 3.86
53 B 800.10 4.48 54 B 768.20 4.13 55 B 768.90 4.51 56
B 766.80 4.61 57 B 778.40 3.98Cmpd Method MASS + RT
no. 58 B 733.40 3.71 59 B 767.30 4.02 60 B 852.90 4.70
61 B 818.40 4.21 62 B 767.22 1.68 63 B 767.29 4.21 66
B 766.30 4.26 67 B 851.30 3.43 68 B 768.30 4.10 69  B
789.90 3.94 70 B 978.00 4.14 71 B 844.40 2.50 72 B
797.14 4.77 74 A 802.62 1.52 75 B 768.30 5.20 76 B
766.30 5.02 RT - retention time. Method A : Hypersil
BDS C18 column 5um, 2.1x50mm Flow rate: 1.0 ml/min Run
time: 2.39 min Solvents: 0-95% MeCN. Method : see
above .- 7 0 - No. StructureNo. Structure \ \ H \\ r H
/ W <No. Structure7 3 -- 7 4 -- S - No. Structure 15
16 17- 76 - No. Structure 18 19 20REPAIRING DAMAGE TO
LOW-K DIELECTRIC MATERIALS USING SILYLATING AGENTS
CROSS REFERENCE TO RELATED APPLICATION This
application claims the benefit of U.S. provisional
patent application 60/510,024, filed on October 8,
2003, which application is incorporated herein by
reference. BACKGROUND OF THE INVENTION Field Of The
Invention The invention pertains to a method for
restoring hydrophobicityto the surfacesof
organosilicate glass dielectric films which have been
subjected to an etching or ashing treatment in such a
way as to remove at least a portion of previously
existing carbon containing moieties, resulting in a
film having reduced hydrophobicity. These films are
used as insulating materials in the manufactureof
semiconductor devices such as integrated circuits
("ICs"), in orderto ensure low dielectric constant and
stable dielectric propertiesin these films.
Description of the Related Art 



As feature sizes in integrated circuits are reduced,
problems with interconnect RC delay, power consumption
and signal cross-talk have become increasingly
difficult to resolve. It is believed that the
integration of low dielectric constantmaterials for
interlevel dielectric (ILD) and intermetal dielectric
(IMD) applications will help to solve these problems.
While there have been previous efforts to apply low
dielectric constant materials to integrated circuits,
there remains a longstanding need in the art for
further improvements in processing methods and in the
optimization of both the dielectric and mechanical
properties of such materials. Device scaling in future
integrated circuits clearly requires the use of low
dielectric constant materials as a part of the
interconnect structure. Most candidates for low
dielectric constant materials for use in sub-100nm
generation ICs are carbon containing films formed by
either CVD or spin-on methods. During subsequent
processing steps, such as plasma etching and
photoresist removal using plasma or wet strip methods,
significant damage occurs to these low-k materials,
that causes fluorine addition and carbon depletion
from the low-k material adjacent to the etched
surface. In addition to a higher effective k, the
resultant structures are susceptible to void
formation, outgassing and blister formation. The voids
in turn may cause an increase in leakage current at
elevated voltages and reduction in breakdown voltage.
The present invention describes a way to reduce the
damage and resulting issues by treating the wafers
with silylating agents after the damage is caused. The
use of non-damaging ash chemistry, such as has been
reported to reduce carbon depletion and associated
problems. In this regard, see I. Berry, A. Shiota, Q.
Han, C. Waldfried, M. Sekiguchi, and . Escorcia,
Proceedings - Electrochemical Society, 22, 202 (2002);
and A. Matsushita, N. Ohashi, K. Inukai, H. J. Shin,
S. Sone, K. Sudou, K. Misawa, I. Matsumoto, and N.
Kobayashi, Proceedings of IEEE International
Interconnect Technology Conference, 2003, 147
(2003).Alternatively, post-ash treatments that
replenish carbon have also been shown to restore
hydrophobicity and lower the dielectric constant.
Post-ashing treatments that replenish carbon have also
been shown to restore hydrophobicity and lower
dielectric constant. In this regard, see Y. S. Mor, T.
C. Chang, P . T. Liu, T. M. Tsai, C.W. Chen, S. T.
Yan, C. J . Chu, W. . Wu, F.M. Pan, W. Lur; and S. M.
Sze, Journal of Vacuum Science & Technology, B, 2 (4),
1334 (2002); and P. G. Clark, B. D. Schwab, and J . W.
Butterbaugh, Semiconductor International, 26 (9), 46
(2003). An advantage of the later approach is that it
allows the use of wellestablished etching and ashing
processes. To this end, it would be desirable to
repair damage caused to a porous SiCOH-based low-k
material using a post-ash treatment. The treatment
could result in replenishment of carbon to the low-k
film, thereby restoring hydrophobicity and resistance
to further damage during a wet cleaning operation.
Additionally, it would be desirable if the repaired
low-k material was found to be resistant to void
formation, which generally occurs in untreated porous
low-k inter-level dielectric regions during copper
annealing processes. Silylating agents ("toughening
agents") can methylate the surface of SiC>2 based
materials. Contemplated exposure includes vapor
exposure (with or without plasma), spin coating and
supercritical Normally, SiCOH based porous low-k
materials are susceptible to void formation in ILD
during Cu damascene processing. After a toughening
agent treatment, the resulting structure is
significantly more resistant to void formation.
Without being bound to any specific theory or
mechanism, it is believed that plasma damage causes
carbon depletion in the dielectric, by replacing bonds
with Si-OH bonds. In damaged porous dielectrics, the
pore surface is now covered with Si-OH bonds. In the
presence of tensile stress (such as after Cu
annealing), adjacent Si-OH groups can condense, thus
causing local densification. The evolving reaction
products and the stretching of the molecules due to
the new links formed, causes voids to occur near the
center of the ILD space. Toughening agents prevent
void formationby replacing most Si-OH bonds by
Si-O-Si-Rn bonds, which avoid condensation reactions.
Therefore void formation does not occur. The
toughening treatment performed after dielectric trench
and via formation and etching and ashing steps repairs
carbon depletion and damage to the low-k materials. By
this means, voids are deterred and the later can
withstand internal stresses caused by annealing
treatments to the metal filling the trenches and vias.
The toughening treatment is conducted by exposing the
wafer surface to the silylating agent in liquid or gas
form for a period sufficient to complete the reaction
with the damaged low-K region. Optionally, a high
temperature bake can be performed to remove remaining
solvent and excess toughening agent. Also, optionally,
a wet cleaning operation can be performed immediately
after the toughening agent application, or after the
baking step, using a commercially available chemical
compatible with the low-k dielectric. Additionally a
dehydration bake may be performed before the
toughening agent treatment, to increase effectiveness
of the toughening agent treatment. 



The effectiveness of the toughening agent treatment
can be verified using unpatterned low-k dielectric
films subjected to etching and ashing processing
followed by the toughening agent treatment. A
successful toughening agent treatment results in
increased carbon concentration that can be measured by
FTIR, EDX, or XPS techniques. Additionally, a water
contact angle increase is seen, which demonstrates the
hydrophobic nature of the post-treatment surface. The
toughening agent treated film also shows a lower
dielectric constant extracted from C-V measurements,
compared to an etched/ashed film that is not treated
with toughening agent. In patterned wafers, the
effectiveness of the toughening agent treatment is
demonstrated by reduction or elimination of voids in
the low-k dielectric in narrow spaces between Cu
trenches after a copper anneal treatmentfollowing
electroplating of copper, and also by lower profile
change in trenches or vias after exposure to reactive
solvents. SUMMARYOF THE INVENTION The invention
provides a method for deterring the formation of
stress-induced voids in an organosilicate glass
dielectric film on a substrate, which organosilicate
glass dielectric film has been patterned to form vias
and trenches therein, and which organosilicate glass
dielectric film has thereafter been subjected to at
least one treatment which removes at least a portion
of previously existing carbon containing moieties and
reduces hydrophobicity of said organosilicate glass
dielectric film, and which vias and trenches have been
thereafter filled with a metal, and which metal has
then been thereafter subjected to an annealing
treatment, the method comprising contacting the
organosilicate glass dielectric film, after being
subjected to at least one etchant or ashing reagent,
but before said vias and trenches have been filled
with a metal, with a toughening agent composition at a
concentration and for a time period effective to
restore at least some of the carbon containing
moieties to the organosilicate glass dielectric film
and increase the hydrophobicity of the organosilicate
glass dielectric film. The invention also provides a
method for forming a microelectronic device which
comprises: a) applying an organosilicate glass
dielectric film onto a substrate; b) forming a pattern
of vias and trenches in the organosilicate glass
dielectric film, and subjecting the organosilicate
glass dielectric film to at least one treatment which
removes at least a portion of previously existing
carbon containing moieties and reduces hydrophobicity
of said organosilicate glass dielectric film;c)
contacting the organosilicate glass dielectric film
with a toughening agent composition at a concentration
and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric
film; d) filling the vias and trenches with a metal;
and e) subjecting the metal to an annealing treatment.
The invention provides a microelectronic device
produced by a process comprising: a) applying an
organosilicate glass dielectric film onto a substrate;
b) forming a pattern of vias and trenches in the
organosilicate glass dielectric film, and subjecting
the organosilicate glass dielectric film to at least
on treatment which removes at least a portion of
previously existing carbon containing moieties and
reduces hydrophobicity of said organosilicate glass
dielectric film; c) contacting the organosilicate
glass dielectric film with a toughening agent
composition at a concentration and for a time period
effective to increase the hydrophobicity of the
organosilicate glass dielectric film; d) filling the
vias and trenches with a metal; and e) subjecting the
metal to an annealing treatment. DETAILED DESCRIPTION
OF THE INVENTION In the context of the present
invention, dielectric materials having low dielectric
constants, typically below 3 are especially desirable
because they typically allow faster signal
propagation, reduce capacitive effects and cross talk
between conductor lines, and lower voltages to drive
integrated circuits. One material with a low
dielectric constant is silica which can be applied as
a foamed dielectric material. For the lowest possible
dielectric values, air is introduced into silica
dielectric materials. Air has a dielectric constant of
, and when air is introducedinto a silica dielectric
material in the form of nanoporous or nanometer-scale
pore structures, relatively low dielectric constants
("k") are achieved. It should be understood that
unless the "Si 2" functional group is specifically
mentioned when the term "silica" is employed, the term
"silica" as used herein, for example, with reference
to porous and non-porous dielectric films, is intended
to refer to dielectric films prepared by the inventive
methods from an organic or inorganic glass base
material, e.g., any suitable starting material
containing one or more silicon-based dielectric
precursors. It should also be understood that the use
of singular terms herein is not intended to be so
limited, but, where appropriate, also encompasses the
plural, e.g., exemplary processes of the invention may
be described as applying to and producing a "film" but
it is intended that multiple 



films can be produced by the described, exemplified
and claimed processes, as desired. The term, "film" as
used herein with regardto silica dielectric materials
is intended to encompass any other suitable form or
shape in which such silica dielectric materials are
optionally employed. Nanoporous silica is attractive
because it employs similar precursors, including
organic-substituted silanes, e.g., tetramethoxysilane
("TMOS") and/or tetraethoxysilane ("TEOS"), as are
used for the currently employed spin-on-glasses
("SOG") and chemical vapor disposition ("CVD") silica
As used herein, the terms "void" and "pore" mean a
free volume in which a mass is replaced with a gas or
where a vacuum is generated. The composition of the
gas is generally not critical, and appropriate gases
include relatively pure gases and mixtures thereof,
including air. The nanoporous polymer may comprise a
plurality of pores. Pores are typically spherical, but
may alternatively or additionally have any suitable
shape, including tubular, lamellar, discoidal, or
other shapes. The pores may be uniformly or randomly
dispersed within the porous polymer. It is also
contemplated that the pores may have any appropriate
diameter. It is further contemplated that at least
some pores mayconnect with adjacent pores to create a
structure with a significant amount of connected or
"open" porosity. Nanoporous silica films have
previously been fabricated by a number of methods.
Suitable silicon-based precursor compositions and
methods for forming nanoporous silica dielectric
films, are described, for example, by the following
co-owned U.S. patents 6,048,804, 6,022,812; 6,410,149;
6,372,666; 6,509,259; 6,218,497; 6,143,855, 6,037,275;
6,042,994; 6,048,804; 6,090,448; 6,126,733; 6,140,254;
6,204,202; 6,208,041; 6,318,124 and 6,319,855 all
incorporated herein by reference herein. Other
dielectric and low dielectric materials comprise
inorganic-based compounds, such as the silicon-based
disclosed in commonly assigned pending U.S. patent
application serial No. 10/078919 filed February 19,
2002; (for example NANOGLASS(r) and HOSP(r) products
commercially available from Honeywell International
Inc.). The dielectric and low dielectric materials may
be applied by spin coating the material on to the
surface, dip coating, spray coating, chemical vapor
deposition (CVD), rolling the material onto the
surface, dripping the material on to the surface,
and/or spreading the material onto the surface.
Dielectrics useful for this invention include CVD
deposited materials, such as carbon doped oxides for
example, Black Diamond, commercially available from
Applied Materials, Inc., Coral, commercially available
from Novellus, Aurora, which is commercially available
from ASM, and Orion, which is commercially available
from Trikon. As used herein, the phrases "spin-on
material", "spin-on organic material", "spinon
composition" and "spin-on inorganic composition" may
be used interchangeable and refer to those solutions
and compositions that can be spun-onto a substrate or
surface using the spin coating application process.
Examples of silicon-based compounds comprise siloxane
compounds, such as methylsiloxane,
methylsilsesquioxane, phenylsiloxane,
phenylsilsesquioxane, methylphenylsiloxane,
methylphenylsilsesquioxane, silazane polymers,
silicate polymers and mixtures thereof. A contemplated
silazane polymer is perhydrosilazane, which has a
"transparent" polymer backbone where chromophores can
be attached. Spin-on-glass materials also includes
siloxane polymers and block polymers, hydrogensiloxane
polymers of the general formula and
hydrogensilsesquioxane polymers, which have the
formula (HSiO .5) , where x is greater than about
four. Also included are copolymers of
hydrogensilsesquioxane and an alkoxyhydridosiloxane or
hydroxyhydridosiloxane. Spin-on glass materials
additionally include organohydridosiloxane polymers of
the general formula (Ho-i.oSiOi.5_2.o)n( o- .oSi
.5-2.o)m and organohydridosilsesquioxane polymers of
the general formula (HSi0i.5 )(RSi0i.5 ) , where m is
greater than zero and the sum of n and is greater than
about four and R is alkyl or aryl. Some useful
organohydridosiloxane polymers have the sum of n and
from about four to about 5000 where R is a alkyl group
or a aryl group. The organohydridosiloxane and
organohydridosilsesquioxane polymers are alternatively
denoted spin-on-polymers. Some specific examples
include alkylhydridosiloxanes, such as
methylhydridosiloxanes, ethylhydridosiloxanes,
propylhydridosiloxanes, t-butylhydridosiloxanes,
phenylhydridosiloxanes; and t
alkylhydridosilsesquioxanes, such as
methylhydridosilsesquioxanes,
ethylhydridosilsesquioxanes,
propylhydridosilsesquioxanes,
t-butylhydridosilsequioxanes,
phenylhydridosilsesquioxanes, and combinations
thereof. Several of the contemplated spin-on materials
are described in the following issued patents and
pending applications, which are herein incorporated by
reference in their entirety: U.S. patents 6,506,497;
6,365,765; 6,268,457;6,177,199; 6,358,559; 6,218,020;
6,361,820; 6,218,497; 6,359,099; 6,143,855; 



6,512,071, U.S. patent application serial no.
10/001143 filed November 10, 2001; PCT/US00/15772
filed June 8, 2000, and PCT/USOO/00523 filed January
7, 1999. Solutions of organohydridosiloxane and
organosiloxane resins can be utilized for forming
caged siloxane polymer films that are useful in the
fabrication of a variety of electronic devices,
micro-electronic devices, particularly semiconductor
integrated circuits and various layered materials for
electronic and semiconductor components, including
hardmask layers, dielectric layers, etch stop layers
and buried etch stop layers. These
organohydridosiloxane resin layers are compatible with
other materials that might be used for layered
materials and devices, such as adamantane-based
compounds, diamantane-based compounds, silicon-core
compounds, organic dielectrics, and nanoporous
dielectrics. Compounds that are considerably
compatible with the organohydridosiloxane resin layers
contemplated herein are disclosed in U.S. patents
6,214,746; 6,171,687; 6,172,128; 6,156,812, US
Application Serial No. 60/350187 filed January 15,
2002; U.S. patent application serial no. 09/538276;
U.S. patent application serial no. 09/544504; U.S.
patent application serial no. 09/587851; and U.S.
60/347195 filed January 8, 2002; PCT Application
PCT/US01/32569 filed October 17, 2001; PCT Application
PCT/US01/508 2 filed December 31, 2001, which are all
incorporated herein by reference. Suitable
organohydridosiloxane resins utilized herein have the
following general formulas: [H-Si,.5]n[R-SiOi. ]
Formula (1) 1 [Ho.5-Si . . . . ] Formula (2) [H .
.o-Si .5]n[R-SiO . ] Formula (3)
10[H-Si1.5]c[R-Si01.5] [Si0 ] Formula (4) wherein: the
sum of n and , or the sum or x, y and z is from about
8 to about 5000, and m or y is selected such that
carbon containing constituents are present in either
an amount of less than about 40 percent (Low Organic
Content = LOSP) or in an amount greater than about 40
percent (High Organic Content = HOSP); R is selected
from substituted and unsubstituted, normal and
branched alkyls (methyl, ethyl, butyl, propyl,
pentyl), alkenyl groups (vinyl, allyl, isopropenyl),
cycloalkyls, cycloalkenyl groups, aryls (phenyl
groups, benzyl groups, naphthalenyl groups,
anthracenyl groups and phenanthrenyl groups), and
mixtures thereof; and wherein the specific mole
percent of carbon containing substituents is a
function of the ratio of the amounts of starting
materials. In some LOSP embodiments, particularly
favorable results are obtained with the mole percent
of carbon containing substituents being in the range
of between about mole percent to about 25 mole
percent. In some HOSP embodiments, favorable results
are obtained with the mole percent of carbon
containing substituents are in the range of between
about 55 mole percent to about 75 mole percent.
Nanoporous silica dielectric films with dielectric
constants ranging from about 1.5 to about 4 can also
be used as one of the layers. Nanoporous silica films
are laid down as a silicon-based precursor, aged or
condensed in the presence of water and heated
sufficiently to remove substantially all of the
porogen and to form voids in the film. The
silicon-based precursor composition comprises monomers
or prepolymers that have the formula: R -Si-Ly,
wherein R is independently selected from alkyl groups,
aryl groups, hydrogen and combinations thereof, L is
an electronegative moiety, such as alkoxy, carboxy,
amino, amido, halide, isocyanato and combinations
thereof, x is an integer ranging from 0 to about 2,
and y is an 11integer ranging from about 2 to about 4.
Other nanoporous compounds and methods can be found in
U.S. patents 6,171,687; 6,172,128; 6,214,746;
6,313,185; 6,380,347; and 6,380,270, which are
incorporated herein in their entirety. The phrases
"cage structure", "cage molecule", and "cage compound"
are intended to be used interchangeably and refer to a
molecule having at least atoms arranged such that at
least one bridge covalently connects two or more atoms
of a ring system. In other words, a cage structure,
cage molecule or cage compound comprises a plurality
of rings formed by covalently bound atoms, wherein the
structure, molecule or compound defines a volume, such
that a point located with the volume can not leave the
volume without passing through the ring. The bridge
and/or the ring system may comprise one or more
heteroatoms, and may be aromatic, partially saturated,
or unsaturated. Further contemplated cage structures
include fullerenes, and crown ethers having at least
one bridge. For example, an adamantane or diamantane
is considered a cage structure, while a naphthalene
compound or an aromatic spiro compound are not
considered a cage structure under the scope of this
definition, because a naphthalene compound or 



an aromatic spiro compound do not have one, or more
than one bridge. Contemplated cage compounds need not
necessarily be limited to being comprised solely of
carbon atoms, but may also include heteroatoms such as
N, S, , P, etc. Heteroatoms may advantageously
introduce non-tetragonal bond angle configurations.
With respect to substituents and derivatizations of
contemplated cage compounds, it should be recognized
that many substituents and derivatizations are
appropriate. For example, where the cage compounds are
relatively hydrophobic, hydrophilic substituents may
be introduced to increase solubility in hydrophilic
solvents, or vice versa. Alternatively, in cases where
polarity is desired, polar side groups may be added to
the cage compound. It is 12further contemplated that
appropriate substituents may also include thermolabile
groups, nucleophilic and electrophilic groups. It
should also be appreciated that functional groups may
be utilized in the cage compound (e.g., to facilitate
crosslinking reactions, derivatization reactions,
etc.) Cage molecules or compounds, as described in
detail herein, can also be groups that are attached to
a polymer backbone, and therefore, can form nanoporous
materials where the cage compound forms one type of
void (intramolecular) and where the crosslinking of at
least one part of the backbone with itself or another
backbone can form another type of void
(intermolecular). Additional cage molecules, cage
compounds and variations of these molecules and
compounds are described in detail in PCT/USO1/32569
filed on October 18, 2001, which is herein
incorporated by reference in its entirety.
Contemplated polymers may also comprise a wide range
of functional or structural moieties, including
aromatic systems, and halogenated groups. Furthermore,
appropriate polymers may have many configurations,
including a homopolymer, and a heteropolymer.
Moreover, alternative polymers may have various forms,
such as linear, branched, superbranched, or
three-dimensional. The molecular weight of
contemplated polymers spans a wide range, typically
between 400 Dalton and 400000 Dalton or more.
Additives can also be used to enhance or impart
particular properties, as is conventionally known in
the polymer art, including stabilizers, flame
retardants, pigments, plasticizers, surfactants, and
the like. Compatible or non-compatible polymers can be
blended in to give a desired property. Adhesion
promoters can also be used. Such promoters are
typified by hexamethyldisilazane, which can be used to
interact with available hydroxyl functionality that
may be present on a surface, such as silicon dioxide,
that was exposed to moisture or humidity. Polymers for
microelectronic applications desirably contain low
levels (generally 13less than 1 ppm, preferably less
than ppb) of ionic impurities, particularly for
dielectric interlayers. The materials, precursors and
layers described herein can be and in many ways are
designed to be solvated or dissolved in any suitable
solvent, so long as the resulting solutions can be
applied to a substrate, a surface, a wafer or layered
material. Typical solvents are also those solvents
that are able to solvate the monomers, isomeric
monomer mixtures and polymers. Contemplated solvents
include any suitable pure or mixture of organic or
inorganic molecules that are volatilized at a desired
temperature, such as the critical temperature, or that
can facilitate any of the above-mentioned design goals
or needs. The solvent may also comprise any suitable
single polar and non-polar compounds or mixture
thereof. As used herein, theierm polar" means that
characteristic of a molecule or compound that creates
an unequal charge, partial charge or spontaneous
charge distribution at one point of or along the
molecule or compound. As used herein, the term
"non-polar" means that characteristic of a molecule or
compound that creates an equal charge, partial charge
or spontaneous charge distribution at one point of or
along the molecule or compound. In some contemplated
embodiments, the solvent or solvent mixture
(comprising at least two solvents) comprises those
solvents that are considered part of the hydrocarbon
family of solvents. Hydrocarbon solvents are those
solvents that comprise carbon and hydrogen. It should
be understood that a majority of hydrocarbon solvents
are non-polar; however, there are a few hydrocarbon
solvents that could be considered polar. Hydrocarbon
solvents are generally broken down into three classes:
aliphatic, cyclic and aromatic. Aliphatic hydrocarbon
solvents may comprise both straight-chain compounds
and compounds that are branched and possibly
crosslinked, however, aliphatic hydrocarbon solvents
are not considered cyclic. Cyclic hydrocarbon solvents
are those solvents that comprise at least three
14carbon atoms oriented in a ring structure with
properties similar to aliphatic hydrocarbon solvents.
Aromatic hydrocarbon solvents are those solvents that
comprise generally three or more unsaturated bonds
with a single ring or multiple rings attached by a
common bond and/or multiple rings fused together.
Contemplated hydrocarbon solvents include toluene,
xylene, p-xylene, m-xylene, 



mesitylene, solvent naphtha H, solvent naphtha A,
alkanes, such as pentane, hexane, isohexane, heptane,
nonane, octane, dodecane, 2-methylbutane, hexadecane,
tridecane, pentadecane, cyclopentane,
2,2,4-trimethylpentane, petroleum ethers, halogenated
hydrocarbons, such as chlorinated hydrocarbons,
nitrated trydrocarbons, benzene, 1,2-dimethylbenzene,
1,2,4-trimethylbenzene, mineral spirits, kerosene,
isobutylbenzene, methylnaphthalene, ethyltoluene,
ligroine. Particularly contemplated solvents include,
but are not limited to, pentane, hexane, heptane,
cyclohexane, benzene, toluene, xylene and mixtures or
combinations thereof. In other contemplated
embodiments, the solvent or solvent mixture may
comprise those solvents that are not considered part
of the hydrocarbon solvent family of compounds, such
as ketones, such as acetone, 3-pentanone, diethyl
ketone, methyl ethyl ketone and the like, alcohols,
ketones, esters, ethers and amines. In yet other
contemplated embodiments, the solvent or solvent
mixture may comprise a combination of any of the
solvents mentioned herein. In preferred embodiments,
the solvent comprises water, ethanol, propanol,
acetone, ethylene oxide, benzene, toluene, ethers,
cyclohexanone, butyrolactone, methylethylketone, and
anisole. It is still further contemplated that
alternative low dielectric constant material may also
comprise additional components. For example, where the
low dielectric constant material is exposed to
mechanical stress, softeners or other protective
15agents may be added. In other cases where the
dielectric material is placed on a smooth surface,
adhesion promoters may advantageously employed. In
still other cases, the addition of detergents or
antifoam agents may be desirable. In general, a
precursor in the form of, e.g., a spin-on-glass
composition that includes one or more removable
solvents, is applied to a substrate, and then
polymerized and subjected to solvent removal in such a
way as to form a dielectric film comprising
nanometer-scale pores. When forming such nanoporous
films, e.g., wherein the precursor is applied to a
substrate by spin-coating, the film coating is
typically catalyzed with an acid or base catalyst and
water to cause polymerization/gelation ("aging")
during an initial heating step. The film is then
cured, e.g., by subjecting the film to one or more
higher temperature heating steps to, inter alia,
remove any remaining solvent and complete the
polymerization process, as needed. Other curing
methods include subjecting the film to radiant energy,
e,g., ultraviolet, electron beam, microwave energy,
and the like. Co-owned U.S. patents 6,204,202 and
6,413,882, incorporated by reference herein, provide
silicon-based precursor compositions and methods for
forming nanoporous silica dielectric films by
degrading or vaporizing one or more polymers or
oligomers present in the precursor composition.
Co-owned U.S. patent 6,495,479, provides silicon-based
precursor compositions and methods for forming
nanoporous silica dielectric films by degrading or
vaporizing one or more compounds or polymers present
in the precursor composition. U.S. patent 5,895,263
describes forming a nanoporous silica dielectric film
on a substrate, e.g., a wafer, by applying a
composition comprising decomposable polymer and
organic polysilica i.e., including condensed or
polymerized silicon polymer, 16heating the composition
to further condense the polysilica, and decomposing
the decomposable polymer to form a porous dielectric
layer. Processes for application of precursor to a
substrate, aging, curing, planarization, and rendering
the film(s) hydrophobic are described, for example, by
co-owned U.S. patents 6,589,889 and 6,037,275, among
others. Substrates and wafers contemplated herein may
comprise any desirable substantially solid material.
Particularly desirable substrate layers would comprise
films, glass, ceramic, plastic, metal or coated metal,
or composite material. In preferred embodiments, the
substrate comprises a silicon or germanium arsenide
die or wafer surface, a packaging surface such as
found in a copper, silver, nickel or gold plated
leadframe, a copper surface such as found in a circuit
board or package interconnect trace, a via-wall or
stiffener interface ("copper" includes considerations
of bare copper and it's oxides), a polymer-based
packaging or board interface such as found in a
polyimide-based flex package, lead or other metal
alloy solder ball surface, glass and polymers such as
polyimide. The "substrate" may even be defined as
another polymer chain when considering cohesive
interfaces. In more preferred embodiments, the
substrate comprises a material common in the packaging
and circuit board industries such as silicon, copper,
glass, and another polymer. Subsequent semiconductor
manufacturing processes such as deposition of cap film
by PECVD techniques, and via and trench formation by
patterning by means of etching and ashing, tend to
remove carbon containing moieties which are 



hydrophobic groups from the organosilicate glass
dielectric films and replace them with silanol groups.
Undesirable properties result when the organosilicate
glass dielectric films contain silanol groups.
Silanols, and the water that they can adsorb from the
air are highly polarizable in an electric field, and
thus will raise 17the dielectric constant of the film,
and will lower resistance to wet cleaning chemistries
and increase volatile evolution. Also, when the
trenches and vias are filled with a metal and
subjected to an annealing treatment, metal shrinkage
induces a stress on the via and trench walls and cause
undesirable voids to form inside the dielectric
material between the vias and trenches. In order to
remedy this problem, the organosilicate glass
dielectric films are made substantially free of
silanols and water by treatment with a toughening
agent to restore carbon containing moieties and
increase the hydrophobicity of the organosilicate
glass dielectric film. This makes the film resistant
to stresses on the via and trench walls, such as
induced by metal shrinkage during annealing, stress
from other dielectric layers, and stress during
packaging, thus deters undesirable voids from forming
inside the dielectric material between the vias and
trenches. Etching and plasma remove hydrophobic
functional groups. Damage to organosilicate glass
dielectric films during semiconductor manufacturing
processes results from the application of aggressive
plasmas and/or etching reagents to etch trenches and
vias into dielectric films. Plasmas are also used to
remove photoresist films during fabrication of
semiconductor devices. The plasmas used are typically
composed of the elements oxygen, fluorine, hydrogen,
carbon, argon, helium or nitrogen (in the form of free
atoms, compounds, ions and/or radicals). Dielectric
films which are exposed to these plasmas during
trench, via, etch and/or photoresist removal are
easily degraded or damaged. Porous dielectric films
have a very high surface area and are therefore
particularly vulnerable to plasmas damage. In
particular, silica based dielectric films which have
organic 18content (such as methyl groups bonded to Si
atoms) are readily degraded by oxygen plasmas. The
organic group is oxidized into and a silanol or Si-OH
group remains on the dielectric surface where the
organic group formerly resided. Porous silica films
depend on such organic groups (on pore surfaces) to
remain hydrophobic. Loss of the hydrophobicity makes
the dielectric constant rise (the low dielectric
constant of such films is the key desired property of
such materials). Wet chemical treatments are also used
in IC production for the purpose of removing residues
leftover after trench or via etching. The chemicals
used are often so aggressive they will attack and
remove organic groups in silica based dielectric
films, especially porous silica films. Again, this
damage will cause the films to lose their
hydrophobicity. Wet chemical etchants include, for
example, amides, such as N-methylpyrrolidinone,
dimethylformamide, dimethylacetamide; alcohols such as
ethanol and 2-propanol; alcoholamines such as
ethanolamine; amines such as triethylamine; diamines
such as ethylenediamine and N,Ndiethylethylenediamine;
triamines such as diethylenetriamine, diamine acids
such as ethylenediaminetetracetic acid "EDTA"; organic
acids such as acetic acid and formic acid; the
ammonium salts of organic acids such as
tetramethylammonium acetate; inorganic acids such as
sulfuric acid, phosphoric acid, hydrofluoric acid;
fluoride salts such as ammonium fluoride; and bases
such as ammonium hydroxide and tetramethyl ammonium
hydroxide; and hydroxyl amine; commercial formulations
developed for post etch wet cleaning such as EKC 505,
525, 450, 265, 270, and 630 (EKC Corp., Hayward CA),
and ACT-CMI and ACT-690 (Ashland Chemical, Hayward,
CA). to name but a few art-known etchants. Ashing
agents include plasmas derived from hydrogen,
nitrogen, helium, argon, oxygen, and mixtures derived
therefrom, and the like. 19In order to solve the above
mentioned problems the invention provides methods of
imparting hydrophobic properties to organosilicate
glass dielectric films present on a substrate during
the process of fabricating a semiconductor or IC
device. The methods of the invention include the steps
of contacting the organosilicate glass dielectric
film, after being subjected to at least one etchant or
ashing reagent, but before said metal has been
subjected to an annealing treatment, with a toughening
agent composition at a concentration and for a time
period effective to restore at least some of the
carbon containing moieties to the organosilicate glass
dielectric film and increase the hydrophobicity of the
organosilicate glass dielectric film; and (b) removing
unreacted toughening agent composition, reaction
products and mixtures thereof. The toughening agent
composition includes at least one toughening agent,
i.e., a compound or charged derivative thereof,
suitable for removing silanol moieties from the
damaged silica dielectric 



film. Optionally, the etchant-damaged nanoporous
silica dielectric film is then subjected to wet
cleaning step. In one embodiment, the toughening agent
composition includes at least one toughening agent
compound having a formula as follows: (1) [-SiR NR'-]n
where n >2 and may be cyclic; (2) R SiNR'SiR , (3) (R
Si) N; (4) R SiNR' (5) R Si(NR') ; (6) RSi(NR') ; (7)
R SiCl , (8) R Si(OH) , (9) R Si0SiR' , (10) R Si(OR')
, ( ) R Si(OCOR' ) , (12) R SiH ,; (13) R
Si[OC(R')=R"] 4- and combinations thereof, wherein x
is an integer ranging from 1 to 3, y is an integer
ranging from 1 to 3 such that y=4-x; each R is an
independently selected from hydrogen and a hydrophobic
organic moiety. The R groups are preferably
independently selected from the group of organic
moieties consisting of alkyl, aryl and combinations
20thereof. The R' group may be H, alkyl, aryl, or
carbonyl such as COR, CONR, CO R. The R" may be alkyl
or carbonyl such as COR, CONR, CO R In another
particular, the toughening agent composition includes
at least one of the following toughening agent or
compounds: acetoxytrimethylsilane, acetoxysilane,
diacetoxysilane, triacetoxysilane,
diacetoxydimethylsilane, methyltriacetoxysilane,
phenyltriacetoxysilane, diphenyldiacetoxysilane,
methyltriethoxysilane, dimethyldiethoxysilane,
trimethylethoxysilane, methyltrirriethoxysilane,
dimethyldimethoxysilane, , trimethylmethoxysilane,
methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorsilane, methylsilane, dimethylsilane,
trimethylsilane, hexamethyldisilazane,
hexamethylcyclotrisilazane,
bis(dimethylamino)dimethylsilane,
bis(diethylamino)dimethylsialne,
tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide,
dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyanate,
2-trimethylsiloxypent-2-ene-4-one, n-
(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic
acid, n- (trimethylsilyl)imidazole,
trimethylsilylpropiolate,
trimethylsilyl(trimethylsiloxy)- acetate,
nonamethyltrisilazane, hexamethyldisiloxane,
trimethylsilanol, triethylsilanol, triphenylsilanol,
t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane,
and combinations thereof. In a desired embodiment of
the invention the toughening agent comprises
dimethyldiacetoxysilane. Optionally, the toughening
agent composition includes a solvent. Suitable
solvents include, for example, ketones, ethers,
esters, hydrocarbons, and combinations thereof. 21The
toughening agent composition contacts the damaged
silica dielectric film as a liquid, vapor or gas,
and/or plasma. If in the form of a plasma, the plasma
can be derived from a silane compound, a hydrocarbon,
an aldehyde, an ester, an ether, and/or combinations
thereof. The terms, "agent" or "agents" herein should
be considered to be synonymous with the terms,
"reagent" or "reagents," unless otherwise indicated. A
suitable toughening agent composition includes one or
more toughening agents able to remove silanol groups
from the surface of an etched and/or ashed
organosilicate glass dielectric film that it is
desired to render hydrophobic. For example, a
toughening agent is a compound having a formula
selected from the group consisting of Formulas I (l-13
): (l) [-SiR NR' -]n where n >2 and may be cyclic; (2)
R SiNR SiR , (3) (R Si) N; (4) R SiNR' (5) R Si(NR') ;
(6) RSi(NR') ; (7) R SiCIy, (8) R Si(OH) , (9) R
Si0SiR' , (10) R Si(OR') , (11) R Si(OCOR' ) , (12) R
SiH ; (13) R Si[OC(R')=R"] - and combinations thereof,
wherein x is an integer ranging from 1 to 3, y is an
integer ranging from 1 to 3 such that y=4-x; each R is
an independently selected from hydrogen and a
hydrophobic organic moiety. The R groups are
preferably independently selected from the group of
organic moieties consisting of alkyl, aryl and
combinations thereof. The R' group may be H, alkyl,
aryl, or carbonyl such as COR, CONR, CO R. The R" may
be alkyl or carbonyl such as COR, CONR, CO R The alkyl
moiety is functionalized or non-functionalized and is
selected from the group consisting of straight alkyl,
branched alkyl, cyclic alkyl and combinations thereof,
and wherein said alkyl moiety ranges in size from to
about The aryl moiety is substituted or unsubstituted
and ranges in size from to about Preferably the
toughening agent is an acetoxysilane, or, for example,
a monomer 22compound such as acetoxytrimethylsilane,
acetoxysilane, diacetoxysilane, triacetoxysilane,
diacetoxydimethylsilane, methyltriacetoxysilane,
phenyltriacetoxysilane, diphenyldiacetoxysilane, ,
methyltriethoxysilane, dimethyldiethoxysilane,
trimethylethoxysilane, methyltrimethoxysilane,
dimethyldimethoxysilane, trimethylmethoxysilane,
methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorsilane, methylsilane, dimethylsilane, 



trimethylsilane, hexamethyldisilazane,
hexamethylcyclotrisilazane,
bis(dimethylamino)dimethylsilane,
bis(diethylamino)dimethylsialne,
tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide,
dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyanate,
2~trimethylsiloxypent-2-ene- 4-one,
n-(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic
acid, n- (trimethylsilyl)imidazole,
trimethylsilylpropiolate,
trimethylsilyl(trimethylsiloxy)- acetate,
nonamethyltrisilazane, , hexamethyldisiloxane,
trimethylsilanol, triethylsilanol, triphenylsilanol,
t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane,
and combinations thereof. In one noteworthy
embodiment, the toughening agent is
methyltriacetoxysilane. In a preferred embodiment the
toughening agent is dimethyldiacetoxysilane.
Additional toughening agents include multifunctional
surface modification agents as described in detail in
U.S. patent 6,208,014, incorporated by reference
herein, as described above. Such multifunctional
surface modification agents can be applied in either
vapor or liquid form, optionally with or without
co-solvents. Suitable co-solvents include, e.g.,
ketones, such as acetone, diisopropylketone, 2-
heptanone, 3-pentanone, and others, as described in
detail in co-owned U.S. patent 6,395,651, the
disclosure of which is incorporated by reference
herein. For example, as described in detail in U.S.
6,208,014, certain preferred surface 23modification
agents will have two or more functional groups and
react with surface silanol functional groups while
minimizing mass present outside the structural
framework of the film, and include, e.g., surface
silanols may condense with suitable silanols such as R
Si(OH) Formula II wherein x=l-3 and each R is
independently selected moieties, such as H and/or an
organic moiety such as an alkyl, aryl or derivatives
of these. When R is an alkyl, the alkyl moiety is
optionally substituted or unsubstituted, and may be
straight, branched or cyclic, and preferably ranges in
size from to about or greater, and more preferably
from to about Cg. WhenR is aryl, the aryl moiety
preferably consists of a single aromatic ring that is
optionally substituted or unsubstituted, and ranges in
size from to about , or greater, and more preferably
from to about In a further option, the aryl moiety is
a heteroaryl. In another embodiment, alkoxy silanes
may be used as the toughening agent, e.g. suitable
alkoxy silanes such as R Si(OR') -x wherein R are
independently selected moieties, such as H and/or an
organic moiety such as an alkyl, aryl or derivatives
of these; R' are independently selected alkyl or aryl
moieties. When R or R' is an alkyl, the alkyl moiety
is optionally substituted or unsubstituted, and may be
straight, branched or cyclic, and preferably ranges in
size from to about or greater, and more preferably
from to about When R or R' is aryl, the aryl moiety
preferably consists of a single aromatic ring that is
optionally substituted or unsubstituted, and ranges in
size from C5 to about , or greater, and more
preferably from C to about Cg. In a further option,
the aryl moiety is a heteroaryl. Thus, the R groups
independently selected from H, methyl, ethyl, propyl,
phenyl, and/or derivatives thereof, 24provided that at
least one R is organic. In one embodiment, both R
groups are methyl, and a tri-functional surface
modification agent is methyltrimethoxysilane. In
another embodiment, a suitable silane according to the
invention has the general formula of R Si(NR ) Formula
III wherein X= 1-3, Rare independently H, alkyl and/or
aryl. Wherein any Rare alkyl and/or aryl. In preferred
embodiments, R is selected from H, CH3, and and R3 are
both CH . Thus tri-functional toughening agents
include, e.g., tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane, and/or
tris(dimethylamino)silane. In addition, disubstituted
silanes may be used such as
hexamethylcyclotrisilazane,
bisdimethylaminodimethylsilane, and
bisdiethylaminodimethylsilane. In yet another
embodiment, a suitable silane according to the
invention has the general formula of R i (ON=CR )
4-xor R Si[OC(R')=R"]4-Formula IV wherein x= 1-3 and
the R groups are independently H, alkyl and/or aryl,
R' may be H, alkyl, aryl, alkoxy or aryloxy, and R"
may be alkyl or carbonyl. . Thus modification agents
include, methyltris(rnethylethylketoxime)silane or 2-
trimethylsiloxypent-2-ene-4-one respectively . In yet
another embodiment, a suitable silane according to the
invention has the general formula of R Si (NCOR ) or R
Si(NCO) . 



25wherein x= 1-3, R groups are independently H, alkyl
and/or aryl. Thus surface modification agents include,
e.g., dimethylsilyldiformamide,
dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyante. In yet a further
embodiment, a suitable silane according to the
invention has the general formula of R SiCl . Formula
V wherein x= 1-3, is H, alkyl or aryl . In one
preferred embodiment, R is CH . Thus tri-functional
surface modification agents according to Formula V
include, e.g., methyltrichlorosilane. In a more
preferred embodiment, the capping reagent includes one
or more organoacetoxysilanes which have the following
general formula, (R,) Si(OCOR ) Formula VI Preferably,
x is an integer ranging in value from 1 to 2, and x
and y can be the same or different and y is an integer
ranging from about 2 to about 3, or greater. Useful
organoacetoxysilanes, including multifunctional
alkylacetoxysilane and/or arylacetoxysilane compounds,
include, simply by way of example and without
limitation, methyltriacetoxysilane ("MTAS"),
dimethyldiacetoxysilane (DMDAS),
phenyltriacetoxysilane and diphenyldiacetoxysilane and
combinations thereof. Optionally, the toughening
agents are mixed with a suitable solvent such as 2-
heptanone, applied to the nanoporous silica surface in
the form of a vapor or 26liquid, and then dried. In a
contemplated embodiment, a mixture of 50%
hexamethyldisilazane (HMDZ) and 50% 3-pentanone is
used. The liquid is spin coated on to a surface,
substrate or wafer. The coated surface is then baked
on bake plates at up to 425 C. Baking is then followed
by PVD barrier and Cu-seed deposition. In another
contemplated embodiment, a mixture of
dimethyldiacetoxysilane (DMDAS) and 3-pentanone is
used. The liquid is spin coated on to a surface, wafer
or substrate. The coated surface is then baked on bake
plates at up to 425 C. This baking step is followed by
PVD barrier and Cuseed deposition. In yet another
embodiment, a wet clean using chemicals such as AP395
or dilute HF is performed after the bake step in the
above-mentioned embodiments. The wet clean is useful
to remove any resist residues remaining after the ash.
Untreated low-k dielectric materials after etch and
ash are prone to attack by the wet clean agents. The
toughening agent treatment significantly improves
resistance of the low-k dielectric to attack by wet
clean. Depending on the process flow, a copper surface
may be exposed during the toughening agent treatment,
especially at the bottom of via. In addition to
removing native oxide from copper surface, the wet
clean can also remove any reaction product between
toughening agent and an exposed copper surface.
Specifically, a wet clean using AP395 can clean a
copper (or any suitable metal or metal alloy) surface
that is previously exposed to a toughening agent
treatment using DMDAS. Thereafter the vias and
trenches may be filled with a metal; and the metal
subjected to an annealing treatment. As used herein,
the term "metal" means those elements that are in the
d-block and f-block of the Periodic Chart of the
Elements, along with those elements that have
metal-like properties, such as 27silicon and
germanium. As used herein, the phrase "d-block" means
those elements that have electrons filling the 3d, 4d,
5d, and 6d orbitals surrounding the nucleus of the
element. As used herein, the phrase "f-block" means
those elements that have electrons filling the 4f and
5f orbitals surrounding the nucleus of the element,
including the lanthanides and the actinides. Preferred
metals include indium, silver, copper, aluminum, tin,
bismuth, gallium and alloys thereof, silver coated
copper, and silver coated aluminum. The term "metal"
also includes alloys, metal/metal composites, metal
ceramic composites, metal polymer composites, as well
as other metal composites. Annealing may be done by
heating at temperatures of from about 0 C to about 350
C, or 200 C to 250 C for about seconds to about 60
minutes. These times and temperatures are not critical
as long as annealing is performed. In yet another
embodiment, the wet clean can be performed before the
bake process in the first contemplated embodiment. The
high temperature bake step is performed after the wet
clean. An advantage of this method can be that the wet
clean can remove excess toughening agent and any
reaction product with any exposed copper surface,
before it is "hardened" by the bake process. This can
result in lower volatile components in the dielectric
material and a cleaner copper surface. Both can result
in an improved long term reliability. In another
contemplated embodiment, an additional dehydration
bake at from about 100 C to about 400 C from 1 min to 



120 min is performed before the toughening agent (TA)
treatment. The dehydration bake removes any moisture
adsorbed in the damaged low-k dielectric. Removal of
moisture from the dielectric prior to toughening agent
treatment renders the treatment more effective. In an
alternative embodiment, the toughening agent
composition is provided by exposing the
etchant-damaged organosilicate glass dielectric film
to a plasma which is derived from any of the above
mentioned toughening agent. In a typical 28procedure,
the organosilicate glass dielectric film is placed in
a plasma generating chamber, such as a plasma enhanced
chemical vapor deposition (PECVD) system; the vapor of
a toughening agent composition and argon vapor are
passed through the plasma generating chamber; then an
RF energy source is activated to create a plasma; the
argon gas is included to help promote the formation of
plasma. The plasma is composed of ionic fragments
derived from the toughening agent composition; for
example, the ion fragment is generated from
methylsilane This fragment reacts with silanol groups
to form hydrophobic moieties. Any of the above
mentioned toughening agent compositions can be used
for this plasma induced surface treatment. Other
suitable toughening agent compositions for a plasma
induced surface modification treatment include - alkyl
and aromatic hydrocarbons. The most preferred
hydrocarbon is methane. Other reagents for plasma
induced toughening agent compositions include
aldehydes, esters, acid chlorides, and ethers.
Suitable aldehydes include acetaldehyde and
benzaldehyde; suitable esters include ethyl acetate
and methyl benzoate; suitable acid chlorides include
acetyl chloride and benzyl chloride; and suitable
ethers include diethyl ether and anisole. A wide
variety of single wafer or multiple wafer (batch)
plasma systems can be used for this process; these
systems include so called downstream ashers, such as
the Gasonics L3510 photoresist asher, PECVD dielectric
deposition systems such as the Applied Materials
P5000, or reactive ion etch ("RIE") systems. Broadly,
the conditions for the plasma process are within the
following ranges: chamber temperature, 2OCto 45OC; RF
power,5OWto 1000W; chamber pressure, 0.05 to 100 torr;
plasma treatment time, 5 seconds to 5 minutes; and
surface modification flow rate, 100 - 2000 seem; inert
gas flow rate (typically argon), 100- 2000sccm. 29The
artisan will appreciate that the invention is also
contemplated to encompass methods of imparting a
hydrophobic surface to silica dielectric films, porous
and/or nonporous, whether damaged or not, by
application of the above-described plasma surface
treatments. Semiconductor devices or ICs manufactured
using these methods are also a part of the present
invention. Treated dielectric layers and materials may
be utilized or incorporated into any suitable
electronic component. Electronic components, as
contemplated herein, are generally thought to comprise
any dielectric component or layered dielectric
component that can be utilized in an electronic-based
product. Contemplated electronic components comprise
circuit boards, chip packaging, dielectric components
of circuit boards, printed-wiring boards, and other
components of circuit boards, such as capacitors,
inductors, and resistors. Electronic-based products
can be "finished" in the sense that they are ready to
be used in industry or by other consumers. Examples of
finished consumer products are a television, a
computer, a cell phone, a pager, a palm-type
organizer, a portable radio, a car stereo, and a
remote control. Also contemplated are "intermediate"
products such as circuit boards, chip packaging, and
keyboards that are potentially utilized in finished
products. Electronic products may also comprise a
prototype component, at any stage of development from
conceptual model to final scale-up mock-up. A
prototype may or may not contain all of the actual
components intended in a finished product, and a
prototype may have some components that are
constructed out of composite material in order to
negate their initial effects on other components while
being initially tested. Electronic products and
components may comprise layered materials, layered
components, and components that are laminated in
preparation for use in the component or product. 30The
following non-limiting examples serve to illustrate
the invention. EXAMPLE 1 A series of 6000A NANOGLASS E
nanoporous silica films, commercially available from
Honeywell International, inc of Sunnyvale, California,
were coated onto a 200 mm silicon substrate and then
exposed to a etch and de based ash process in a TEL
DRM-85 etcher. Two types of toughening agents (TA-I
and TA-2) were evaluated. The toughening agents were
applied to the wafers in a standard spin-on dielectric
(SOD) coater, and the wafers were hot plate baked at
125 C, 200 C, and 35O C for 1 minute each. Film
thickness and refractive index were measured using
ellipsometry. Elemental composition was 



analyzed using FTIR. Dielectric constant was measured
on an Hg probe at 0. MHz. Thermal stability of the
films was evaluated by thermal desorption mass
spectroscopy (TDMS). Single level metal Cu damascene
structures were prepared with 3000A NANOGLASS E films
as the ILD and 2000A TEOS oxide a cap layer. Cu
annealing was performed at 200 C for 1 r in a ambient,
following which, a focused ion beam scanning electron
microscope (FIB-SEM) was used to inspect for voids in
the ILD. After Cu chemical mechanical polishing (CMP),
25 die per wafer were electrically tested using an
automatic prober. The properties of as-cured NANOGLASS
E films are presented in Table I. Table 1. General
properties of as-cured NANOGLASS(r)E films Parameter
Technique Result Pore Diameter BET 20A Refractive
Index Ellipsometry 1.24 Dielectric Constant MIM @ 1MHz
2.2 Elastic Modulus Nanoindentation 4.5 Gpa Hardness
Nanoindentation 0.4 Gpa Thermal Stability Isothermal
TGA <1% weight loss 31From the FTIR spectra of
NANOGLASS E it is observed that the etch and ash
processes caused a 30-40% reduction in C-H and Si-C
content and a significant rise in Si-OH and H-OH bonds
compared to an as-cured film. The toughening agent
treatments resulted in C-H and Si-C content close to
that of an as-cured film. TA-2 was more effective in
replenishing carbon, and reducing Si-OH and HOH bonds
than TA-I. The dielectric constant (k) of the low-k
film is high (> 3.0) after etch and ash processes.
This is expected to be due to the moisture adsorption
by the Si-OH groups. The toughening agent treatment
reduced the k to a near post-cure level. Table II
shows that after etch and ash NANOGLASS E film was
hydrophilic and had a high etch rate in most wet clean
chemistries, making them unsuitable for wet clean.
TA-I treatment made the film hydrophobic as well as
resistant to some of the wet clean chemicals. Table
II. Effect on NANOGLASS E films of exposure to various
wet clean chemistries after etch-ash (control) and
after etch-ash and TA-I treatment (TA-I) Etch rate
(A/min) DI water contact angle (degree) Wet Clean
condition Control TA-I Control TA l No wet clean <10
122 A (Dilute HF) >1000 0 33 112 B (Aqueous acidic) 5
0 < 10 118 C (Semi- aqueous fluoride) 25 14 < 10 < 10
D (Organoamine) 70 23 < 10 47 TDMS spectra of the
dielectric film at 400 C show that evolution of
volatile species in TA-I treated film is similar to
the film after etch and ash. TA-2 treated film shows a
significantly improved thermal stability with low
volatiles. 32In the control case (i.e. without
toughening agent), significant voids can be seen in
the ILD space after Cu annealing. No voids were
observed prior to the annealing. Similar observations
have been reported previously with porous low-k
materials. (See A. Matsushita, N. Ohashi, K. Inukai,
H. J. Shin, S. Sone, K. Sudou, K. Misawa, I.
Matsumoto, and N. Kobayashi, Proceedings of IEEE
International Interconnect Technology Conference,
2003, 147 (2003); and J. C. Lin, R. A. Augur, B. J.
Daniels, S. L. Shue, C.H. Yu, andM. S. Liang,
Proceedings of Advanced Metallization Conference 2002,
637 (2002)). Tensile stress from the Cu anneal
treatment is expected to be the driving force for void
formation. The wafers treated with TA-I or TA-2 showed
no voids even after the Cu anneal. Thus, "repairing"
the C-depletion damage is proven to be an effective
way to toughen the porous low-k material against void
formation due to external stresses. Line-to-line
leakage current was not affected by the toughening
agent treatment. Control wafers showed a wide
distribution of serpentine resistance. The high
resistance tail was found to be due to defects such
blisters, Cu corrosion, and pitting which were likely
caused by moisture trapped in damaged ILD region.
Toughening agent treated wafers showed tight
resistance distribution, since moisture entrapment and
associated defects were eliminated. While median
capacitance was not affected by the toughening agent
treatment, the treated comb capacitor structures had a
higher yield due to fewer pitting/blister defects. The
effect of process-induced damage on NANOGLASS(r)E and
other similar Sibased films has been disclosed. A
post-ash treatment with toughening agents TA- 1 or
TA-2 was able to restore properties of an un-damaged
material. A successful application toughening agents
in SLM structures was demonstrated, which result in
elimination of ILD voids and higher yield on
interconnect test structures. 



33EXAMPLE 2 6000A HOSP silicon films, commercially
available from Honeywell International Inc. of
Sunnyvale, California, was formed on a Si wafer by a
standard spin coating method. The films were cured in
at 400 C. Plasma damage was induced into the films by
sequentially subjecting them to the following
processes: Etch: 1000W/40mT/10sccm
C4F8/200sccmCO/300sccmAr/100sccmN2, 0 C (20sec) Ash:
400W/45mT/ lOOsccm 02, 4O C (20 sec) A toughening
agent treatment was performed using 27% DMDAS in
3-pentanone. After spin coating the toughening agent
material, the films were baked for 1 min. each at 125
C, 200 C and 350 C in N . The following results were
noted: Measurement Pre-Etch & Post-Etch & Post-
toughening Ash Ash agent treatment Dielectric Constant
(k) 2.7 3.0 2.81 FTIR (CH/SiO ratio) 0.0235 0.017
0.020 H O Contact Angle () 104 26 85 Breakdown
strength 5.51 4.1 5.12 (MV/cm) 34EXAMPLE 3 6000 A
NANOGLASS 1.9 films, commercially available from
Honeywell International Inc. of Sunnyvale, California,
were formed on Si wafers by a standard spin coating
method. Films were cured in at 425 C. Plasma damage
was induced into the films by sequentially subjecting
them to the following processes: Etch:
1000W/40mT/10sccm C4F8/200sccmCO/300sccmAr/100sccmN2,
4O C (20sec). Ash: 400W/45mT/ lOOsccm 02, 40 C (20
sec). Toughening agent treatment was performed using
27% DMDAS in 3-Pentanone. After spin coating the
toughening agent material, the films were baked for 1
min. each at 125 C, 200 C and 350 C in N The following
results were noted: Measurement Pre-Etch & Post-Etch &
Post- toughening Ash Ash agent treatment Dielectric
Constant (k) 1.83 2.69 1.94 FTIR (CH/SiO ratio) 0.0078
0.0027 0.0054 Breakdown strength 4.51 1.22 3.76
(MV/cm) EXAMPLE 4 Plasma damage was imparted to a
commercial porous CVD low k dielectric film by
sequentially subjecting them to the following
processes: 35Etch: 4OmT, 1400W160 Ar/ 80 CF4 /20 O
4OmT, 1400W, 20 s Ash: 400W/45mT/ lOOsccmO , 40 C (30
sec). A toughening agent treatment was performed using
27% DMDAS in 3-pentanone. After spin coating the
toughening agent material, the films were baked for 1
min. each at 125 C, 200 C and 350 C in N The following
results were noted: Measurement Pre-Etch & Post-Etch &
Post- toughening Ash Ash agent treatment Dielectric
Constant (k) 2.36 2.76 2.39 FTIR (CH/SiO ratio)
0.02473 0.0149 0.013 Breakdown strength 5.06 3.07 4.77
(MV/cm) EXAMPLE 5 6000 A NANOGLASS films, commercially
available from Honeywell International Inc. of
Sunnyvale, California, were prepared using a
conventional bake process of 125 C, 200 C, and 350 C.
Instead of a conventional furnace cure at 425 C (60
min), a UV cure at 425 C (3 min) was used. Plasma
damage was imparted by sequentially subjecting them to
the following processes: Etch: 1000W/40mT/10sccm C F
/200sccmCO/300sccmAr/100sccmNo, 40 C (20sec) Ash:
400W/45mT/ lOOsccmO , 40 C (30 sec) 36A toughening
agent treatment was performed using 27% DMDAS in
3-pentanone. After spin coating the toughening agent
material, the films were baked for 1 min. each at 125
C, 200 C and 350 C in N . Copper single damascene
patterned structures were created using the UV cured
NANOGLASS as the dielectric material using
conventional approach described in Example 2. Prior to



metallization (PVD barrier and Cu seed deposition and
Cu electroplating) some of the wafers were coated with
toughening agent followed by a bake up to 350 C. After
metallization, all samples were annealed at 200 C, 50
min. Focused ion beam scanning electron microscope was
used to determine presence of voids. The following
results were noted: a. Blanket wafers Measurement
Pre-Etch & Post-Etch & Post- toughening Ash Ash agent
treatment Dielectric Constant (k) 2.1 2.85 2.25 FTIR
(CH/SiO ratio) 0.0082 0.0045 0.0075 Breakdown strength
5.06 3.07 4.77 (MV/cm) , b. SLM patterned wafers
EXAMPLE 6 Plasma damage was induced into 6OOA furnace
cured NANOGLASS films, commercially available from
Honeywell International Inc. of Sunnyvale, California,
by sequentially subjecting them to the following
processes: Etch: 1000W/40mT/10sccm C
/,200sccmCO/300sccmAr/100sccmN,2, 40 C (20sec). 37Ash
(one of the following processes) O ash: 400W/45mT/
lOOsccm 02, 40 (20s or 70 s) or N /H ash: 500W/45mT/
500sccm N / 125sccm H2 1O C (45 s or 135 s) Toughening
agent treatment was performed using 9% DMDAS in
2-heptanone. After spin coating the toughening agent
material, the films were baked for 1 min. each at 125
C, 200 C and 350 C in N The following results were
noted: Ash Type k (without toughening k (after
toughening % Reduction in k agent treatment) agent
treatment) O , 20 s 2.98 2.36 20.8 O , 30 s 3.1 1 2.42
22.2 O , 70 s 3.53 2.63 25.5 N /H 45 s 3.04 2.5 17.8 N
135 s 3.23 2.7 16.4 EXAMPLE 7 Plasma damage was
induced into 6000 A furnace cured NANOGLASS films by
sequentially subjecting them to the following
processes: Etch: 1000W/40mT/10sccm
C4F8/200sccmCO/300sccmAr/100sccmN2, 40 C (20sec). Ash
(one of the following processes): 38To test the effect
of queue time before toughening agent treatment, the
samples were held in ambient conditions for times
varying from 1 hr to 360 hr, after which the
toughening agent treatments were performed. Toughening
agent treatment was performed using 4.5% DMDAS in
2-heptanone. After spin coating the toughening agent
material, the films were baked for 1 min. each at 125
C, 200 C and 350 C in N . The following results were
noted: Q-time (hr) k (post toughening agent) 1 2.24 3
2.28 27 2.31 72 2.29 240 2.38 360 2.32 EXAMPLE 8
Plasma damage was induced into 6000 A furnace cured
NANOGLASS films, commercially available from Honeywell
International Inc. of Sunnyvale, California, by
sequentially subjecting them to the following
processes: Etch: 1000W/40mT/10sccm C F
/200sccmCO/300sccmAr/100sccmN , 40 C (20sec). Ash (one
of the following processes). Toughening agent
treatment was performed using % DMDAS in 2-heptanone.
After spin coating the toughening agent material, the
films were baked for 1 min. at various temperatures on
hot plates. Carbon restoration was measured as the
amount of carbon added by toughening agent treatment
as a percentage of the 39amount of carbon lost during
plasma damage. The amount of carbon was 



measured by FTIR as the ratio of CH (2975 cm 1) peak
to SiO peak (1055 cm 1). The following results were
noted: Bake Temperature % C Restoration K-value 75 C
66 2.95 100 C 2.82 125 C 2.74 15O C 65 2.72 175 C 136
2.5 200 C 127 2.34 225 C 127 2.3 25O C 121 2.19 300 C
127 2.17 35O C 103 2.2 While the present invention has
been particularly shown and described with reference
to preferred embodiments, it will be readily
appreciated by those of ordinary skill in the art that
various changes and modifications may be made without
departing from the spirit and scope of the invention.
It is intended that the claims be interpreted to cover
the disclosed embodiment, those alternatives which
have been discussed above and all equivalents thereto.
40What is claimed is: . A method for deterring the
formation of stress-induced voids in an organosilicate
glass dielectric film on a substrate, which
organosilicate glass dielectric film has been
patterned to form vias and trenches therein, and which
organosilicate glass dielectric film has been
thereafter subjected to at least one treatment which
removes at least a portion of previously existing
carbon containing moieties and reduces hydrophobicity
of said organosilicate glass dielectric film, and
which vias and trenches have been thereafter filled
with a metal, and which metal has then been thereafter
subjected to an annealing treatment, the method
comprising contacting the organosilicate glass
dielectric film, after being subjected to at least one
treatment which removes previously existing carbon
containing moieties, but before said vias and trenches
have been filled with a metal, with a toughening agent
composition at a concentration and for a time period
effective to restore at least some of the carbon
containing moieties to the organosilicate glass
dielectric film and increase the hydrophobicity of the
organosilicate glass dielectric film. 2. The method of
claim 1 wherein the treatment which removes at least a
portion of previously existing carbon containing
moieties and reduces hydrophobicity of said
organosilicate glass dielectric film comprises at
least one of an etchant treatment, an ashing
treatment, a wet stripping treatment, a cleaning
treatment and a PECVD treatment. 3. The method of
claim 1 wherein the organosilicate glass dielectric
film has been formed from a spin-on glass material or
a chemical vapor deposited material. 414. The method
of claim 1 wherein the toughening agent composition
comprises a component for alkylating or arylating
silanol moieties via silylation of the organosilicate
glass dielectric film. 5. The method of claim 1
further comprising the subsequent step of removing
unreacted toughening agent composition, reaction
products and mixtures thereof. 6. The method of claim
1 further comprising the subsequent step of heating
the increased hydrophobicity organosilicate glass
dielectric film. 7. The method of claim 1 wherein the
organosilicate glass dielectric film is nanoporous. 8.
The method of claim 1 wherein the organosilicate glass
dielectric film substantially non-porous. 9. The
method of claim 1 wherein the toughening agent
composition comprises at least one compound having a
formula selected from the group consisting o : [-SiR
NR' -]n where n >2 and may be cyclic; R SiNR SiR , (R
Si) N; R SiNR' ; R Si(NR') ; RSi(NR') ; R SiCI , R
Si(OH) ; R Si0SiR' ; R Si(OR') ; R Si(OCOR' ) R SiH ;
R Si[OC(R')=R"] . and combinations thereof, wherein x
is an integer ranging from 1to 3, y is an integer
ranging from 1to 3 such that y=4-x , each R is an
independently selected from hydrogen and a hydrophobic
organic moiety; R' is hydrogen, or an organic moiety,
and 42R" is an alkyl or carbonyl group. 10. The method
of claim 1 wherein the toughening agent composition
comprises at least a compound selected from the group
consisting of acetoxytrimethylsilane, acetoxysilane,
diacetoxysilane, triacetoxysilane,
diacetoxydimethylsilane, 



methyltriacetoxysilane, phenyltriacetoxysilane,
diphenyldiacetoxysilane, methyltriethoxysilane,
dimethyldiethoxysilane, trimethylethoxysilane,
methyltrimethoxysilane, dimethyldimethoxysilane, ,
trimethylmethoxysilane, methyltrichlorosilane,
dimethyldichlorosilane, trimethylchlorsilane,
methylsilane, dimethylsilane, trimethylsilane,
hexamethyldisilazane, 2-trimethylsiloxypent-2-
ene-4-one, n-(trimethylsilyl)acetamide,
2-(trimethylsilyl) acetic acid, n-
(trimethylsilyl)imidazole, trimethylsilylpropiolate,
trimethylsilyl(trimethylsiloxy)- acetate,
nonamethyltrisilazane, hexamethyldisiloxane,
trimethylsilanol, triethylsilanol, triphenylsilanol,
t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane,
hexamethylcyclotrisilazane,
bisdimethylaminodimethylsilane,
bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide,
dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyanate and combinations thereof.
. The method of claim 1 wherein the toughening agent
composition comprises dimethyldiacetoxysilane. 12. The
method of claim 1 wherein the toughening agent
composition comprises a solvent selected from the
group consisting of ketones, ethers, esters,
hydrocarbons, and combinations thereof. 4313. The
method of claim 1 wherein the toughening agent
composition contacts the organosilicate glass
dielectric film in a state selected from the group
consisting of liquid, vapor, gas, and plasma. 14.A
method for forming a microelectronic device which
comprises: a) applying an organosilicate glass
dielectric film onto a substrate; b) forming a pattern
of vias and trenches in the organosilicate glass
dielectric film, and subjecting the organosilicate
glass dielectric film to at least one treatment which
removes at least a portion of previously existing
carbon containing moieties and reduces hydrophobicity
of said organosilicate glass dielectric film; c)
contacting the organosilicate glass dielectric film
with a toughening agent composition at a concentration
and for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric
film; d) filling the vias and trenches with a metal;
and e) subjecting the metal to an annealing treatment.
15. The method of claim 14 wherein the treatment which
removes at least a portion of previously existing
carbon containing moieties and reduces hydrophobicity
of said organosilicate glass dielectric film comprises
at least one of an etchant treatment, an ashing
treatment, a wet stripping treatment, a cleaning
treatment and a PECVD treatment. 16. The method of
claim 14 wherein the toughening agent composition
comprises a component for alkylating or arylating
silanol moieties via silylation of the organosilicate
glass dielectric film. 17. The method of claim 14
further comprising the subsequent step of removing
unreacted toughening agent composition, reaction
products and mixtures thereof. 4418. The method of
claim 14 further comprising the subsequent step of
heating the increased hydrophobicity organosilicate
glass dielectric film. 19. The method of claim 14
wherein the organosilicate glass dielectric film is
nanoporous. 20. The method of claim 14 wherein the
organosilicate glass dielectric film substantially
non-porous. . The method of claim wherein the
toughening agent composition comprises at least one
compound having a formula selected from the group
consisting of: -]n wheren >2 and may be cyclic; R SiNR
SiR , (R Si) N; R SiNR' ; R Si(NR') ; RSi(NR') ; R
SiCl , R Si(OH) ; R Si0SiR' ; R Si(OR') ; R Si(OCOR' )
R SiH ; R Si[OC(R')=R"] . and combinations thereof,
wherein x is an integer ranging from 1to 3, y is an
integer ranging from 1to 3 such that y=4-x , each R is
an independently selected from hydrogen and a
hydrophobic organic moiety; R' is hydrogen, or an
organic moiety, and R" is an a'kyl or carbonyl group.
22. The method of claim 14 wherein the toughening
agent composition comprises at least a compound
selected from the group consisting of,
acetoxytrimethylsilane, acetoxysilane,
diacetoxysilane, triacetoxysilane,
diacetoxydimethylsilane, methyltriacetoxysilane,
phenyltriacetoxysilane, diphenyldiacetoxysilane,
45methyltriethoxysilane, dimethyldiethoxysilane,
trimethylethoxysilane, methyltrimethoxysilane,
dimethyldimethoxysilane, , trimethylmethoxysilane,
methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorsilane, methylsilane, 



dimethylsilane, trimethylsilane, hexamethyldisilazane,
2-trimethylsiloxypent-2- ene-4-one,
n-(trimethylsilyl)acetamide, 2-(trimethylsilyl) acetic
acid, n- (trimethylsilyl)imidazole,
trimethylsilylpropiolate,
trimethylsilyl(trimethylsiloxy)- acetate,
nonamethyltrisilazane, hexamethyldisiloxane,
trimethylsilanol, triethylsilanol, triphenylsilanol,
t-butyldimethylsilanol, diphenylsilanediol,
trimethoxysilane, triethoxysilane, trichlorosilane,
hexamethylcyclotrisilazane,
bisdimethylaminodimethylsilane,
bisdiethylaminodimethylsilane,
tris(dimethylamino)methylsilane,
tris(dimethylamino)phenylsilane,
tris(dimethylamino)silane, dimethylsilyldiformamide,
dimethylsilyldiacetamide, dimethylsilyldiisocyante,
trimethylsilyltriisocyanate and combinations thereof.
23. The method of claim 14 wherein the toughening
agent composition comprises dimethyldiacetoxysilane.
24. The method of claim 14 wherein the toughening
agent composition comprises a solvent selected from
the group consisting of ketones, ethers, esters,
hydrocarbons, and combinations thereof. 25. The method
of claim 14 wherein the toughening agent composition
contacts the organosilicate glass dielectric film in a
state selected from the group consisting of liquid,
vapor, gas, and plasma. 26. The method of claim 14
wherein the etchant is a plasma comprising atoms, ions
and/or radicals selected from the group consisting of
oxygen, fluorine, hydrogen, nitrogen and combinations
thereof. 4627. The method of claim 14 wherein the
etchant is a wet etchant that comprises at least one
agent selected from the group consisting of: an amide,
an alcohol, an alcoholamine, an amine, a triamine, an
acid, a base and combinations thereof. 28. The method
of claim 14 wherein the treatment which removes at
least a portion of previously existing carbon
containing moieties and reduces hydrophobicity
comprises treatment with at least one agent selected
from the group consisting of ethanolamine,
ethylenediamine, triethylamine, N
Ndiethylethylenediamine, diethylenetriamine, amine,
ethylenediaminetetracetic acid; organic, acetic acid,
formic acid, tetramethylammonium acetate, sulfuric
acid, phosphoric acid, hydrofluoric acid; ammonium
fluoride, ammonium hydroxide, tetramethyl ammonium
hydroxide, hydroxyl amine and combinations thereof,
provided that the combinations are of agents that do
not neutralize one another. 29. A microelectronic
device produced by a process comprising: a) applying
an organosilicate glass dielectric film onto a
substrate; b) forming a pattern of vias and trenches
in the organosilicate glass dielectric film, and
subjecting the organosilicate glass dielectric film to
at least one treatment which removes at least a
portion of previously existing carbon containing
moieties and reduces hydrophobicity of said
organosilicate glass dielectric film; c) contacting
the organosilicate glass dielectric film with a
toughening agent composition at a concentration and
for a time period effective to increase the
hydrophobicity of the organosilicate glass dielectric
film; d) filling the vias and trenches with a metal;
and e) subjecting the metal to an annealing treatment.
47 


