
ANTI- VIRAL COMPOUNDS This application claims the benefit from and
incorporates herein by references the entire content of U.S. Provisional
Application No. 61/140,262, filed December 23, 2008. FIELD The present
invention relates to compounds effective in inhibiting replication of
Hepatitis C virus ("HCV"). The present invention also relates to
compositions comprising these compounds and methods of using these
compounds to treat HCV infection. BACKGROUND HCV is an RNA virus belonging
to the Hepacivirus genus in the Flaviviridae family. HCV has enveloped
virions that contain a positive stranded RNA genome encoding all known
virus-specific proteins in one single, uninterrupted, open reading frame.
The open reading frame comprises approximately 9500 nucleotides encoding a
single large polyprotein of about 3000 amino acids. The polyprotein
comprises a core protein, envelope proteins El and E2, a membrane bound
protein p7, and the non-structural proteins NS2, NS3, NS4A, NS4B, NS5A and
NS5B. HCV infection is associated with progressive liver pathology,
including cirrhosis and hepatocellular carcinoma. Chronic hepatitis C may
be treated with peginterferon-alpha in combination with ribavirin.
Substantial limitations to efficacy and tolerability remain as many users
suffer from side effects and viral elimination from the body is often
inadequate. Therefore, there is a need for new drugs to treat HCV
infection. SUMMARY The present invention features compounds of Formulae I,
II and III, and pharmaceutically acceptable salts thereof. These compounds
and salts are capable of inhibiting the replication of HCV. The present
invention also features compositions comprising the compounds or salts of
the present invention. The compositions can also include other therapeutic
agents, such as HCV helicase inhibitors, HCV polymerase inhibitors, HCV
protease inhibitors, NS5A inhibitors, CD81 inhibitors, cyclophilin
inhibitors, or internal ribosome entry site (IRES) inhibitors. The present
invention further features methods of using the compounds or salts of the
present invention to inhibit HCV replication. The methods comprise
contacting cells infected with HCV virus with a compound or salt of the
present invention, thereby inhibiting the replication of HCV virus in the
cells. In addition, the present invention features methods of using the
compounds or salts of the present invention, or compositions comprising the
same, to treat HCV infection. The methodscomprise administering a compound
or salt of the present invention, or a pharmaceutical composition
comprising the same, to a patient in need thereof, thereby reducing the
blood or tissue level of HCV virus in the patient. The present invention
also features use of the compounds or salts of the present invention for
the manufacture of medicaments for the treatment of HCV infection.
Furthermore, the present invention features processes of making the
compounds or salts of the invention. Other features, objects, and
advantages of the present invention are apparent in the detailed
description that follows. It should be understood, however, that the
detailed description, while indicating preferred embodiments of the
invention, are given by way of illustration only, not limitation. Various
changes and modifications within the scope of the invention will become
apparent to those skilled in the art from the detailed description.
DETAILED DESCRIPTION The present invention features compounds having
Formula I, and pharmaceutically acceptable salts thereof, I wherein: A1 is
C3-C14carbocyclyl or 3- to 14-membered heterocyclyl, and is substituted
with -X1-R7, wherein said C3-C14carbocyclyl and 3- to 14-membered
heterocyclyl are optionally substituted with one or more RA; X1 is selected
from a bond, -Ls-, -O-, -S-, or -N(R B)-; R7 is selected from hydrogen, -
LA, C5-C10carbocyclyl, or 5- to 10-membered heterocyclyl, wherein at each
occurrence said C5-C10carbocyclyl and 5- to 10-membered heterocyclyl are 



each independently optionally substituted with one or more RA; Z1 is
selected from a bond, -C(RcRc)- -O-, -S-, or -N(R B)-; W1 and W2 are each
independently selected from N or C(RD); R1 is selected from hydrogen or RA;
R3 and R4 are each independently selected from hydrogen or RA; or R3 and
R4, taken together with the carbon atoms to which they are attached, form a
C5-C10carbocyclyl or 5- to 10-memberedheterocyclic ring, wherein said
C5-C10carbocyclic and 5- to 10-membered heterocyclic ring are optionally
substituted with one or more RA; A2 is C3-C14carbocyclyl or 3- to
14-membered heterocyclyl, and is optionally substituted with one or more
RA; R2 is -N(R B)C(O)C(R 5R6)N(R 8)-T-R D, , , or - LKB; R5 is Rc; R6 is
Rc, and R8 is RB; or R6 and R8, taken together with the atoms to which they
are attached, form a 3- to 10-membered heterocyclic ring which is
optionally substituted with one or more RA; LK is a bond; C1-C6alkylene,
C2-C6alkenylene, or C2-C6alkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, Rs (except hydrogen), -O-R s , -S-R s, -N(R SRS ),
-OC(O)Rs, - C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano; or
-N(R B)C(0)- or -C(0)N(R B)-; B is C3-C1ocarbocycle or 3- to 10-membered
heterocycle, and is optionally substituted with one or more RA; T is
independently selected at each occurrence from a bond, -Ls-, - Ls-M-L s-, -
Ls-M-L s-M'- Ls - , wherein M and M' are each independently selected from a
bond, -0-, -S-, -N(R B)-, - C(O)- -S(O) 2- , -S(O)- -OS(O)- -OS(O) 2- ,
-S(O) 2O-, -S(O)O-, -C(O)O-, -OC(O)- - OC(O)O-, -C(O)N(R B)-, -N(R B)C(O)-
-N(R B)C(O)O-, -OC(O)N(R B)-, -N(R B)S(O)-, - N(RB)S(O) 2- , -S(O)N(RB)-,
-S(O) 2N(RB)- -C(0)N(R B)C(0)-, -N(R B)C(0)N(R B')- - N(R B)SO 2N(R B )-,
-N(R B)S(0)N(R B )-, C5-C10carbocycle, or 5- to 10-membered heterocycle,
and wherein at each occurrence T is independently optionally substituted
with one or more RA; RA is independently selected at each occurrence from
halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo,
formyl, cyano, - LA, or - LS- RE; RB and RB are each independently selected
at each occurrence from hydrogen; or C1-C6alkyl, C2- C6alkenyl,
C2-C6alkynyl, C3-C6carbocyclyl, C3-C6carbocyclylC 1-C6alkyl, 3- to
6-membered heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano; Rc and Rc
are each independently selected at each occurrence from hydrogen; halogen;
hydroxy; mercapto; amino; carboxy; nitro; phosphate; oxo; thioxo; formyl;
cyano; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, or C3-C6carbocyclyl, each
of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, hydroxy, mercapto, amino,
carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano; RD, RD and RD are
each independently selected at each occurrence from hydrogen or RA LA is
independently selected at each occurrence from C1-C6alkyl, C2-C6alkenyl, or
C2-C6alkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, -O-R s,
-S-R s, -N(R 8R8.), -OC(O)R S, -C(O)OR S, nitro, phosphate, oxo, thioxo,
formyl or cyano; Ls, L8 and L8 . are each independently selected at each
occurrence from a bond; or C1-C6alkylene, C2-C6alkenylene, or
C2-C6alkynylene, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen, -O-Rs,
-S-Rs, - N(RsRs ), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo,
formyl or cyano; RE is independently selected at each occurrence from
-O-Rs, -S-Rs, -C(O)Rs, -OC(O)Rs, - C(O)OR , -N(RsRs ), -S(O)R , -SO 2R ,
-C(O)N(R 8R8 ), -N(R 8)C(O)R8 , - N(R8)C(O)N(R8 R 8"), -N(R 8)SO2R8., -SO
2N(R8R8.), -N(R 8)SO2N(R8 R8..), N(R8)S(O)N(R8R8..), -OS(O)-R 8, -OS(O) 2-
R8, -S(O) 2OR8, -S(O)OR 8, -OC(O)OR 8, - N(R8)C(O)OR8., -OC(O)N(R 8Rs ),
-N(R 8)S(O)-R 8., -S(O)N(R 8R8 ), -C(O)N(R 8)C(O)-R 8., C3-C10carbocyclyl,
or 3- to 10-membered heterocyclyl, wherein said C3-C10carbocyclyl and 3- 



to 10-membered heterocyclyl are each independently optionally substituted
at each occurrence with one or more substituents selected from C1-C6alkyl,
C2-C6alkenyl, C2- C6alkynyl, R8 (except hydrogen), halogen, -0-R B, -S-R B,
-N(R BRB ), -OC(O)R B, - C(O)ORB, nitro, phosphate, oxo, thioxo, formyl or
cyano; and R8, R8 and R8 . are each independently selected at each
occurrence from hydrogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, C3-C6carbocyclylCr C6alkyl, 3- to 6- membered
heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B,
-C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. Ai preferably is
selected from C5-C6carbocycles or 5- to 6-membered heterocycles (e.g.,
phenyl, thiazolyl, thienyl, pyrrolidinyl or piperidinyl), and is optionally
substituted with one or more RA. A I is substituted with -Xi-R 7. The ring
system in Ai can be identical to, or different from, that in A2. For
instance, Ai and A2 can both be phenyl, or Ai is phenyl and A2 is
thiazolyl, thienyl, furanyl, imidazolyl, pyridinyl, pyrimidinyl,
pyridazinyl, benzoxazolyl, benzothienyl, benzimidazolyl, indolyl, or N
(where X is O, S or N(RB) . Zi and T can be attached to Ai via any two
substitutable ringatoms on Ai. Two adjacent RA on Ai, taken together with
the ring atoms to which they are attached, may form a C5-C6carbocycle or a
5- to 6-membered heterocycle. Z1 preferably is -N(R B)-, such as -NH-
or-N(C r C6alkyl)-. R3 and R4, taken together with the carbon atoms to
which they are attached, preferably form a C5-C6carbocycle or a 5- to
6-membered heterocycle, which is optionally substituted with one or more
RA. Non-limiting examples of suitable 5- to 6-membered carbocycles or
heterocycles for this purpose include o r where W5 and W6 are independently
N or C(RD), Q is N or C(RD), and RD, R9 and Rn are each independently
selected at each occurrence from hydrogen or RA. Preferred examples of
suitable 5- to 6-membered heterocycles include where R9, Rio, and Rn are
each independently selected from hydrogen or RA. More preferably, R3 and
R4, taken together with the carbon atoms to which they are attached, form
where R9, Rio, and Rn are each independently selected from hydrogen;
halogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, C3- C6carbocyclyl, or
C3-C6carbocyclyC 1-C6alkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo,
formyl or cyano. Highly preferably, R9 is selected from C1- C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or
C3-C6carbocyclyCr C6alkyl (e.g., C3-C6cycloalkylC 1-C6alkyl), each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano; and Rio and Rn are
hydrogen. Ri can be, without limitation, hydrogen or C1-C6alkyl.
Preferably, Ri is hydrogen. Xi is preferably selected from -CH 2- , -O-, or
-S-. R7 can be selected, without limitation, from C5-C6carbocycles or 5- to
6-membered heterocycles, and is optionally substituted with one or more RA.
Preferably, R7 is phenyl, and is optionally substituted with one or more RA
(e.g., -N(R SRS ), such as -NH 2 or -NH(C 1-C6alkyl)). A2 can be selected,
without limitation, from C5-C1ocarbocycles or 5- to 10-membered
heterocycles, and is optionally substituted with one or more RA.
Preferably, A2 is selected from C5-C6carbocycles or 5- to 6-membered
heterocycles, and is optionally substituted with one or more RA. Two
adjacent RA on A2, taken together with the ring atoms to which they are
attached, may form a C5- C6carbocycle or a 5- to 6-membered heterocycle.
Non-limiting examples of suitable A2 include phenyl, pyrazinyl, pyridinyl,
pyrimidinyl, pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl,
imidazolyl, pyrazolyl, triazolyl, benzoxazolyl, benzothienyl,
benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl,
naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl,
quinazolinyl, or phthalazinyl, each of which is optionally substituted with
one or more RA. As a nonlimiting example, A2 is , where X is O, S or N(RB)
. T and R2 can be attached to A2 via any two substitutable ring atoms on
A2. For instance, A2 can be R2 can be -N(R B)C(O)C(R 5R6)N(R 8)-T-R D,
where R5 is Rc (e.g., hydrogen) and R6 and R8, taken together with the
atoms to which they are attached, form a 5- to 6-membered heterocyclic ring
which is optionally substituted with one or more RA. R6 and Rg, taken
together with the atoms to which they are attached, can form, without
limitation, or , each of 



which is independently optionally substituted with one or more RA, where n
is 0, 1 or 2, and m is 1 or 2. Two adjacent RA, taken together with the
atoms to which they are attached, can form a C5- C6carbocycle or a 5- to
6-membered heterocycle. -T-R D preferably is -C(O)-Ls -Ri 2 or -C(O)-Ls
-M'-L s -Ri 2, where Ri2 is (i) hydrogen, (ii) C1-C6alkyl, C2-C6alkenyl or
C2-C6alkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, -O-Rs,
-S-Rs, -N(R SRS ), - OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo,
formyl or cyano, or (iii) C3-C10carbocyclyl or 3- to 10-membered
heterocyclyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from C1-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R B, -S-R B,
-N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or
cyano. -T-R D can also be, without limitation, - Ls-(C3-C 1ocarbocyclyl) or
- Ls-(3- to 10-membered heterocyclyl), where said C3-C1ocarbocyclyl and 3-
to 10-membered heterocyclyl are each independently optionally substituted
with one or more substituents selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R B, -S-R B, - N(RBRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. In
addition, -T-R D can be, without limitation, - L - RE, -C(O)-L S- RE,
-C(O)O-L S- RE.Preferably, R2 is , , or , where n is 0, 1 or 2, m is 1 or
2, and k is 0, 1, 2, 3 or 4. Two adjacent RA, taken together with the atoms
to which they are attached, can form a C5-C6carbocycle or a 5- to
6-membered heterocycle. Ri2 can be, without limitation, - Lt-N(R B)-L tt-
RE, - Lt-N(R B)C(O)-L tt- RE, or - Lt-N(R B)C(O)-L tt- RE, wherein Lt and
Ltt are each independently selected from (i) a bond, or (ii) C1-C6alkylene,
C2- C6alkenylene, or C2-C6alkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, C3-C10carbocyclyl, 3- to 10- membered heterocyclyl,
-O-R s, -S-Rs, -N(R SRS ), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo,
thioxo, formyl or cyano. Preferably, Ri2 is - LT-N(R B)-L TT- RS, - LT-N(R
B)C(O)-L TT- RS, or - Lt- N(RB)C(O)-L TT-Rs, where Lt and Ltt are as
defined immediately above. Ri2 can also be, without limitation, - LS- RE,
such as - Ls-O-R s, - L13 -S-Rs, or - Ls-N(R sRs ) . In addition, Ri2 can
be, without limitation, - Ls-(C 3-C1ocarbocyclyl) or - Ls-(3- to
10-membered heterocyclyl), where said C3- C1ocarbocyclyl and 3- to
10-membered heterocyclyl are each independently optionally substituted with
one or more substituents selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, Rs (except hydrogen), halogen, -O-R B, -S-R B, -N(R BRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. R2
can also be , where R5 is R (e.g., hydrogen), and R6 and R8, taken together
with the atoms to which they are attached, form a 5- to 6-membered
heterocyclic ring which is optionally substituted with one or more RA. For
instance, R and Rg, taken together with the atoms to which they are
attached, can form, without limitation, , each of which is optionally
substituted with one or more RA, where n is 0, 1 or 2, and m is 1 or 2. Two
adjacent RA, taken together with the atoms to which they are attached, can
form a C5-C6carbocycle or a 5- to 6-membered heterocycle. -T-R D" can be,
without limitation, -C(O)-L S-Ri2 or -C(O)-L S-M'-L s -Ri2, where Ri2 is
(i) hydrogen, (ii) C1-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-Rs, -S-Rs, -N(RSRS'), -OC(O)Rs,
-C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) C3-
C1ocarbocyclyl or 3- to 10-membered heterocyclyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, R
(except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR
B, nitro, phosphate, oxo, thioxo, formyl or cyano. -T-R 0 can also be ,
without limitation, - L8-(C 3- C1ocarbocyclyl) or - Ls-(3- to 10-membered
heterocyclyl), where said C3-C10carbocyclyl and 3- to 10- membered
heterocyclyl are each independently optionally substituted with one or more
substituents selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs
(except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR
B, nitro, phosphate, oxo, thioxo, formyl or cyano. In addition, -TRD" can
be, without limitation, - L8- RE, -C(O)-L S- RE, -C(O)O-L 8- RE.
Preferably, R2 is where n is O, 1 or 2, m is 1 or 2, and k is O, 1, 2, 3 or
4. Two adjacent RA, taken together with the atoms to which they are
attached, can form a C5-C6carbocycle or a 5- to 6-membered heterocycle. Ri2
can be, without limitation, - Lt-N(R B)-L tt- RE, - Lt-N(R B)C(O)-L tT- RE,
or - LT-N(R B)C(O)-L TT- RE, 



wherein Lt and Ltt are each independently selected from (i) a bond, or (ii)
C1-C6alkylene, C2- C6alkenylene, or C2-C6alkynylene, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, C3-C1ocarbocyclyl, 3- to 10- membered
heterocyclyl, -O-R s, -S-R 8, -N(R 8Rs ), -OC(O)R 8, -C(O)ORs, nitro,
phosphate, oxo, thioxo, formyl or cyano. Preferably, Ri2 is - LT-N(R B)-L
TT- R8, - LT-N(R B)C(O)-L TT- R8, or - Lt- N(RB)C(O)-L TT-R8, where Lt and
Ltt are as defined immediately above. Ri2 can also be, without limitation,
- L8- RE, such as - L8-O-R 8, - L8-S-R 8, or - L8-N(R 8R8 ) . In addition,
Ri2 can be, without limitation, - L8-(C 3-C1ocarbocyclyl) or - L8-(3- to
10-membered heterocyclyl), where said C3- C1ocarbocyclyl and 3- to
10-membered heterocyclyl are each independently optionally substituted with
one or more substituents selected from C1-C6alkyl, C2-C6alkenyl, CrC
6alkynyl, R8 (except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano.
Furthermore, R2 can be, without limitation, - Lk- B, where B is
C3-C1ocarbocycle or 3- to 10- membered heterocycle, and is optionally
substituted with one or more RA. Non-limiting examples of suitable B
include, or , each of which is optionally substituted with one or more RA.
Two adjacent RA, taken together with the atoms to which they are attached,
can form a C5-C6carbocycle or a 5- to 6- membered heterocycle. Preferred
examples of suitable B include or wherein n is 0, 1, 2, 3 or 4, m is 0, 1,
2 or 3, V is -C(O)- or -S(O) 2- , and Ri2 is - Rs , -ORs or -N(R SRS ), and
wherein two adjacent RA, taken together with the atoms to which they are
attached, can form a C5-C6carbocycle or a 5- to 6-membered heterocycle. In
one example, R2 is , where n is 0, 1, 2, 3 or 4, and two adjacent RA, taken
together with the atoms to which they are attached, can form a
C5-C6carbocycle or a 5- to 6-membered heterocycle. R2 can also be, without
lliimmiittaattiioonn,. where RD and RD' are independently selected from (i)
C1-C6alkyl, C2-Cealkenyl or CVC6alkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-R s, -S-Rs, - N(RSRS ), -OC(O)Rs, -C(O)ORs,
nitro, phosphate, oxo, thioxo, formyl or cyano; (ii) - Ls-C3-
C1ocarbocyclyl or - Ls-(3- to 10-membered heterocyclyl), each of which is
optionally substituted with one or more substituents selected from
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R
B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo,
formyl or cyano; or (iii) -Ls-O-Rs, -Ls-S-Rs, or - Ls-N(R sRs').
Alternatively, RD and RD' can join to form a 5- to 6-membered heterocycle.T
can be selected, without limitation, from the following moieties: where k
is 1 or 2, R and R* are independently hydrogen or C1-C6alkyl, and R' and R"
are independently C1-C6alkyl or C6-C10aryl. Preferably, T is selected from
Table 4 described below. More preferably, T is - LS-N(R T)-L S- (e.g., -CH
2-N(Rx)-CH 2-), or - Ls-C(R TRT')-Ls- (e.g., -CH 2-C(R TRT')-CH 2-). RT is
Cr C6alkyl, C2-C6alkenyl, or C2-C6alkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-R s, -S-R s, -N(R R .), -OC(O)R 8, -C(O)OR 8,
nitro, phosphate, oxo, thioxo, formyl or cyano; or Rt is C3-C6carbocyclyl,
C3-C6carbocyclylC 1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, R8 (except hydrogen),
halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. Rr is RA, and preferably Rr is
hydrogen. L8, L8 RA, RB, RB', R8, and R8' are as defined above. In one
embodiment, Ai is 5- to 6-membered carbocycle or heterocycle (e.g., phenyl,
thiazolyl, thienyl, pyrrolidinyl or piperidinyl), which is substituted with
-Xi-R 7 and is optionally substituted with one or more RA; and A2 is 5- to
10-membered carbocycle or heterocycle (e.g., phenyl, pyrazinyl, pyridinyl,
pyrimidinyl, pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl,
imidazolyl, pyrazolyl, triazolyl, benzoxazolyl, benzothienyl,
benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl,
naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl,
quinazolinyl, or phthalazinyl) and is optionally substituted with one or
more RA. R 3 and R4, taken together with the carbon atoms to whichthey are
attached, form a 5- to 6-membered carbocycle or heterocycle which is
optionally substituted with one or more RA. Preferably, A2 is 5- to
6-membered carbocycle or heterocycle (e.g., phenyl), and is optionally
substituted with one or more RA; A I is phenyl and is optionally
substituted with one 



or more RA; Xi is -CH 2- , -O-, or -S-; and R7 is 5- to 6-membered
carbocycle or heterocycle (e.g., phenyl) which is optionally substituted
with one or more RA. In another embodiment, Wi and W2 are N, and Zi is -N(R
B)-. Preferably, Zi is selected from -NH-, -N(C 1-C6alkly)-, -N(C
2-C6alkenyl)-, -N(C 2-C6alkynyl)-, -N(C r C6haloalkyl)-, -N(C 2-
C6haloalkenyl)-, or -N(C 2-C6haloalkynyl)-. More preferably, Zi is selected
from -NH- or -N(C 1- C6alkly)-. In still another embodiment, R3 and R4,
taken together with the carbon atoms to which they are attached, form ,
where R9, Rio, and Rn are each independently selected from hydrogen or RA.
Preferably, Wi and W2 are N, Zi is -N(R B)- (e.g., -NH- or -N(C r
C6alkly)-), and Xi is -CH 2- , -O- or -S-. R7 preferably is phenyl, and is
optionally substituted with one or more RA. Also preferably, Ri is
hydrogen; and R9, Ri0, and Rn are each independently selected from
hydrogen; halogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, or C3-C6carbocyclylC 1- C6alkyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano. Highly preferably, Rio and
Rn are hydrogen; and R9 is selected from C1-C6alkyl, C2- C6alkenyl,
C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or C3-C6carbocyclyC
1-C6alkyl (e.g., CrCecycloalkylC 1-C6alkyl), and is optionally substituted
with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano. In yet
another embodiment, R3 and R4 are each independently selected from hydrogen
or RA; and R7 is a 5- to 6-membered carbocycle or heterocycle (e.g.,
phenyl), which is optionally substituted with one or more RA. In a further
embodiment, R3 and R4 are each independently selected from hydrogen or RA;
Ai is 5- to 6-membered carbocycle or heterocycle (e.g., phenyl, thiazolyl,
thienyl, pyrrolidinyl or piperidinyl), which is substituted with -Xi-R 7
and is optionally substituted with one or more RA; and A2 is a 5- to
10-membered carbocycle or heterocycle (e.g., phenyl, pyrazinyl, pyridinyl,
pyrimidinyl, pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl,
imidazolyl, pyrazolyl, triazolyl, benzoxazolyl, benzothienyl,
benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl,
naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl,
quinazolinyl, or phthalazinyl), and is optionally substituted with one or
more RA. Preferably, A2 is 5- to 6-membered carbocycle or heterocycle
(e.g., phenyl), and is optionally substituted with one or more RA; A I is
phenyl and is optionally substituted with one or more RA; Xi is -CH 2- ,
-0-, or -S-; and R7 is 5- to 6-membered carbocycle orheterocycle (e.g.,
phenyl) which is optionally substituted with one or more RA. WI and W2 can
be N, and Z1 can be -N(R B)-, such as -NH-, -N(C r C6alkly)-, -N(C
2-C6alkenyl)-, -N(C 2-C6alkynyl)-, - N(C1-C6haloalkyl)-, -N(C
2-C6haloalkenyl)-, or -N(C 2-C6haloalkynyl)-. In still yet another
embodiment, or where X is O, S or N(RB), and Ri3 is Rs . Preferably, Ri3 is
C1-Cealkyl, C2- C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl,
C3-C6carbocyclylC 1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -ORB, -S-R B, -N(R BRB ) , -OC(O)R B, -C(O)OR B,
nitro, phosphate, oxo, thioxo, formyl or cyano. X preferably is O, S, NH
orN(C r C6alkyl). The present invention also features compounds having
Formula II or III, and pharmaceutically acceptable salts thereof, II (R )
III wherein: Xi is independently selected from a bond, - Ls- , -O-, -S-, or
-N(R B)-;R7 is selected from hydrogen, - LA, C5-C10carbocyclyl, or 5- to
10-membered heterocyclyl, wherein said C5-C1ocarbocyclyl and 5- to
10-membered heterocyclyl are each independently optionally substituted with
one or more RA; Z1 is selected from a bond, -C(RcRc)- -O-, -S-, or -N(R
B)-; Wi, W2, W5, and W6 are each independently selected from N or C(RD),
wherein RD is independently selected at each occurrence from hydrogen or
RA; Ri, Rg, Rn, and Ri5 are each independently selected at each occurrence
from hydrogen or RA; p is selected from 0, 1, 2, or 3; 



A2 is C3-C14carbocyclyl or 3- to 14-membered heterocyclyl, and is
optionally substituted with one or more RA; R2 is -N(R B)C(O)C(R5R6)N(R
)-T-R 0 , 0r _L k_ B; R5 is Rc; R6 is Rc, and R g is RB; or R6 and Rg,
taken together with the atoms to which they are attached, form a 3- to
10-membered heterocyclic ring which is optionally substituted with one or
more RA; LK is a bond; C1-C6alkylene, C2-C6alkenylene, or C2-C6alkynylene,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, Rs (except hydrogen),
-O-R s , -S-R s, -N(R SRS ), -OC(O)Rs, - C(O)ORs, nitro, phosphate, oxo,
thioxo, formyl or cyano; or -N(R B)C(O)- or -C(O)N(R B)-; B is
C3-C1ocarbocycle or 3- to 10-membered heterocycle, and is optionally
substituted with one or more RA; T is independently selected at each
occurrence from a bond, - Ls- , - Ls-M-L s-, - Ls-M-L s-M'- Ls -, wherein M
and M' are each independently selected from a bond, -O-, -S-, -N(R B)-, -
C(O)- -S(O) 2- , -S(O)- -OS(O)- -OS(O) 2- , -S(O) 2O-, -S(O)O-, -C(O)O-,
-OC(O)- - OC(O)O-, -C(0)N(R B)-, -N(R B)C(O)- -N(R B)C(0)0- -OC(O)N(R BH
-N(R )S(O)-, - N(RB)S(O)2- , -S(O)N(RB)-, -S(O) 2N(RB)- -C(0)N(R B)C(0)-,
-N(R B)C(0)N(R BH N(RB)SO2N(RB )-, -N(R B)S(0)N(R B )-, C5-C10carbocycle,
or 5- to 10-membered heterocycle, and wherein at each occurrence T is
independently optionally substituted with one or more RA; RA is
independently selected at each occurrence from halogen, hydroxy, mercapto,
amino, carboxy, nitro, phosphate, oxo, thioxo, formyl, cyano, - LA, or -
LS- RE;RB and RB are each independently selected at each occurrence from
hydrogen; or C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl, CrC
6carbocyclylC 1-Cealkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate,
oxo, thioxo, formyl or cyano; Rc and Rc are each independently selected at
each occurrence from hydrogen; halogen; hydroxy; mercapto; amino; carboxy;
nitro; phosphate; oxo; thioxo; formyl; cyano; or Cr C6alkyl, C2- C6alkenyl,
C2-C6alkynyl, or C3-C6carbocyclyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate,
oxo, thioxo, formyl or cyano; RD, RD' and RD are each independently
selected at each occurrence from hydrogen or RA LA is independently
selected at each occurrence from C1-C6alkyl, C2-C6alkenyl, or C2-C6alkynyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, -O-R s, -S-R s, -N(R
8R8.), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano;
Ls, Ls and L8 are each independently selected at each occurrence from a
bond; or d-C 6alkylene, CrC 6alkenylene, or CrC 6alkynylene, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-R s , -S-Rs, - N(RsRs ), -OC(O)Rs,
-C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano; RE is
independently selected at each occurrence from -O-Rs, -S-Rs, -C(O)Rs,
-OC(O)Rs, - C(O)OR , -N(RsRs ), -S(O)R , -SO 2R , -C(O)N(R 8R8 ), -N(R
8)C(O)R8., - N(R8)C(O)N(R8 R 8"), -N(R 8)SO2R8., -SO 2N(R8R8.), -N(R
8)SO2N(R8 R8..), N(R8)S(O)N(R 8R8..), -OS(O)-R 8, -OS(O) 2- R8, -S(O) 2OR8,
-S(O)OR 8, -OC(O)OR 8, - N(R8)C(O)OR8., -OC(O)N(R 8R8.), -N(R 8)S(O)-R 8.,
-S(O)N(R 8R8.), -C(O)N(R 8)C(O)-R 8., C3-C10carbocyclyl, or 3- to
10-membered heterocyclyl, wherein said C3-C10carbocyclyl and 3- to
10-membered heterocyclyl are each independently optionally substituted at
each occurrence with one or more substituents selected from C1-C6alkyl,
C2-C6alkenyl, C2- C6alkynyl, R8 (except hydrogen), halogen, -0-R B, -S-R B,
-N(R BRB ), -OC(O)R B, - C(O)ORB, nitro, phosphate, oxo, thioxo, formyl or
cyano; and R8, R8 and R8 . are each independently selected at each
occurrence from hydrogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, C3-C6carbocyclylC 1-C6alkyl, 3- to 6- 



membered heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl, each
of which is independently optionally substituted at each occurrence with
one or more substituents selected from halogen, -0-R B, -S-R B, -N(R BRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. Z1
preferably is -N(R B)-, such as -NH- or-N(C 1-C6alkyl)-.Xi preferably is
-CH 2- , -O- or -S. R7 can be selected, without limitation, C5-C6carbocycle
or 5- to 6-membered heterocycle, each of which is optionally substituted
with one or more RA. Preferably, R7 is phenyl, and is optionally
substituted with one or more RA (e.g., -N(R SRS ) such as -NH 2) . A2 can
be selected, without limitation, from C5-Ci0carbocycles or 5- to
10-membered heterocycles, and is optionally substituted with one or more
RA. Preferably, A2 is selected from C5- C6carbocycles or 5- to 6-membered
heterocycles, and is optionally substituted with one or more RA. Two
adjacent RA on A2, taken together with the ring atoms to which they are
attached, may form a C5- C6carbocycle or a 5- to 6-membered heterocycle.
Non-limiting examples of suitable A2 include phenyl, pyrazinyl, pyridinyl,
pyrimidinyl, pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl,
imidazolyl, pyrazolyl, triazolyl, benzoxazolyl, benzothienyl,
benzimidazolyl, benzofuranyl, benzothiazolyl, indolyl, indenyl,
naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl,
quinazolinyl, or phthalazinyl, each of which is optionally substituted with
one or more RA. As a nonlimiting example, A2 is where X is O, S or N(RB) .
T and R2 can be attached to A2 via any two sustitutable ring atoms on A2.
For instance, A2 can be or R2 can be -N(R B)C(O)C(R 5R6)N(R 8)-T-R D, where
R5 is Rc (e.g., hydrogen) and R6 and R8, taken together with the atoms to
which they are attached, form a 5- to 6-membered heterocyclic ring which is
optionally substituted with one or more RA. For instance, R6 and R8, taken
together with the atoms to which they are attached, can form, without
limitation, or each of which is independently optionally substituted with
one or more RA, where n is 0, 1 or 2, and m is 1 or 2. Two adjacent RA,
taken together with the atoms to which they are attached, can form a
C5-C6carbocycle or a 5- to 6-membered heterocycle. -T-R D preferably is
-C(O)-Ls- Ri2 or -C(O)-L S-M'-L s -Ri2, where Ri2 is (i) hydrogen, (ii)
Ci-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-Rs, -S-Rs, -N(R sRs ), - OC(O)Rs, -C(O)ORs,
nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) C3-Ci0carbocyclyl
or 3- to 10-membered heterocyclyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from Ci-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs(except hydrogen),
halogen, -O-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. -T-R D can also be, without
limitation, - Ls-(C3-C1ocarbocyclyl) or - Ls-(3- to 10-membered
heterocyclyl), where said C3-C10carbocyclyl and 3- to 10-membered
heterocyclyl are each independently optionally substituted with one or more
substituents selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs
(except hydrogen), halogen, -O-R B, -S-R B, - N(RBRB ), -OC(O)R B, -C(O)OR
B, nitro, phosphate, oxo, thioxo, formyl or cyano. In addition, -T-R D can
be, without limitation, - LS- RE, -C(O)-L S- RE, -C(O)O-L S- RE.
Preferably, R2 is , , or , where n is 0, 1 or 2, m is 1 or 2, and k is 0,
1, 2, 3 or 4. Two adjacent RA, taken together with the atoms to which they
are attached, can form a C5-C6carbocycle or a 5- to 6-membered heterocycle.
Ri2 can be, without limitation, - LT-N(R B)-L TT- RE, - LT-N(R B)C(O)-L TT-
RE, or - LT-N(R B)C(O)-L TT- RE, wherein Lt and Ltt are each independently
selected from (i) a bond, or (ii) C1-C6alkylene, C2- C6alkenylene, or
C2-C6alkynylene, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen,
C3-C10carbocyclyl, 3- to 10- membered heterocyclyl, -O-R s, -S-Rs, -N(R SRS
), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano.
Preferably, Ri2 is - Lt-N(R B)-L tt- Rs , - Lt-N(R B)C(O)-L tt- Rs, or -
Lt- N(RB)C(O)-L TT-Rs, where Lt and Ltt are as defined immediately above.
Ri2 can also be, without limitation, - LS- RE, such as -Ls-O-Rs, -Ls-S-Rs,
or - Ls-N(R sRs'). In addition, Ri2 can be, without limitation, - Ls-(C
3-C1ocarbocyclyl) or - Ls-(3- to 10-membered heterocyclyl), where said C3-
C1ocarbocyclyl and 3- to 10-membered heterocyclyl are each independently
optionally substituted with one or more substituents selected from
C1-C6alkyl, C2-C6alkenyl, C1-C6alkynyl, Rs (except hydrogen), halogen, -O-R
B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo,
formyl or cyano. 



R2 can also be where R5 is Rc (e.g., hydrogen), and R6 and R8, taken
together with the atoms to which they are attached, form a 5- to 6-membered
heterocyclic ring which is optionally substituted with one or more RA. For
instance, R and Rg, taken together with the atoms to which they are
attached, can form, without limitation,each of which is optionally
substituted with one or more RA, where n is 0, 1 or 2, and m is 1 or 2. Two
adjacent RA, taken together with the atoms to which they are attached, can
form a C5-C6carbocycle or a 5- to 6-membered heterocycle. -T-R D" can be,
without limitation, -C(O)-L - R12 or -C(O)-L S-M'-L s -R12, where R12 is
(i) hydrogen, (ii) C1-C6alkyl, C2-C6alkenyl or C2-C6alkynyl, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-Rs, -S-Rs, - N(R SRS'), -OC(O)Rs,
-C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano, or (iii) C3-
C1ocarbocyclyl or 3- to 10-membered heterocyclyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from CrC 6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs
(except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR
B, nitro, phosphate, oxo, thioxo, formyl or cyano. -T-R D" can also be ,
without limitation, - LS-(C 3- C10carbocyclyl) or - Ls-(3- to 10-membered
heterocyclyl), where said C3-C10CaAoCyCIyI and 3- to 10- membered
heterocyclyl are each independently optionally substituted with one or more
substituents selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs
(except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB') -OC(O)R B, -C(O)OR
B, nitro, phosphate, oxo, thioxo, formyl or cyano. In addition, -TRD can
be, without limitation, - LS- RE, -C(O)-L S- RE, -C(O)O-L S- RE.
Preferably, R2 is where n is 0, 1 or 2, m is 1 or 2, k is 0, 1, 2, 3 or 4.
Two adjacent RA, taken together with the atoms to which they are attached,
can form a C5-C6carbocycle or a 5- to 6-membered heterocycle. R12 can be,
without limitation, - Lt-N(R B)-L tt- RE, - LT-N(R B)C(O)-L TT- RE, or -
LT-N(R B)C(O)-L TT- RE, wherein Lt and Ltt are each independently selected
from (i) a bond, or (ii) CrC 6alkylene, C2- C6alkenylene, or
C2-C6alkynylene, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen,
C3-C10CaAoCyCIyI, 3- to 10- membered heterocyclyl, -O-R s , -S-Rs, -N(R SRS
), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano.
Preferably, R12 is - Lt-N(R B)-L tt- Rs , - Lt-N(R B)C(O)-L tt- Rs , or -
Lt- N(RB)C(O)-L TT-R S, where Lt and Ltt are as defined immediately above.
R12 can also be, without limitation, - LS- RE, such as -Ls-O-Rs, -Ls-S-Rs,
or - Ls-N(R sRs ) In addition, R12 can be, without limitation, - Ls-(C
3-C10carbocyclyl) or - Ls-(3- to 10-membered heterocyclyl), where said C3-
C1ocarbocyclyl and 3- to 10-membered heterocyclyl are each independently
optionally substituted with one or more substituents selected from CrC
6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs (excepthydrogen), halogen, -O-R B,
-S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo,
formyl or cyano. Furthermore, R2 can be, without limitation, - Lk-B, where
B is C3-C1ocarbocycle or 3- to 10- membered heterocycle, and is optionally
substituted with one or more RA. Non-limiting examples of suitable B
include S , or , each of which is optionally substituted with one or more
RA. Two adjacent RA, taken together with the atoms to which they are
attached, can form a C5-C6carbocycle or a 5- to 6- membered heterocycle.
Preferred examples of suitable B include or where n is 0, 1, 2, 3 or 4, m
is 0, 1, 2 or 3, V is -C(O)- or -S(O) 2- , and R12 is - Rs, - ORs or -N(R
SRS ) . In one example, R2 is , where n is 0, 1, 2, 3 or 4, and two
adjacent RA, taken together with the atoms to which they are attached, can
form a C5-C6carbocycle or a 5- to 6- membered heterocycle. R2 can also be,
without limitation, where RD and RD' are independently selected from (i)
C1-C6alkyl, CrC 6alkenyl or C2-C6alkynyl, each of which is independently
optionallysubstituted at each occurrence with one or more substituents
selected from halogen, -O-R s, -S-Rs, - N(RSRS ), -OC(O)Rs, -C(O)ORs,
nitro, phosphate, oxo, thioxo, formyl or cyano; (ii) - Ls-C3-
C1ocarbocyclyl or - Ls-(3- to 10-membered heterocyclyl), each of which is
optionally substituted with one or more substituents selected from
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R
B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo,
formyl or cyano; or (iii) - Ls-O-R s, - Ls-S-R s , or - Ls-N(R sRs ) .
Alternatively, RD and RD can join to form a 5- to 6-membered heterocycle. 



T can be selected, without limitation, from the following moieties: where k
is 1 or 2, R and R* are independently hydrogen or C1-C6alkyl, and R' and R"
are independently C1-C6alkyl or C6-C10aryl. Preferably, T is selected from
Table 4 described below. More preferably, T is - LS-N(R T)-L S.- (e.g., -CH
2-N(Rx)-CH 2-), or - Ls-C(R tRt')-Ls- (e.g., -CH 2-C(R TRT')-CH 2-). RT is
Cr C6alkyl, C2-C6alkenyl, or C2-C6alkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-R s, -S-R s, -N(R SRS ), -OC(O)Rs, -C(O)ORs,
nitro, phosphate, oxo, thioxo, formyl or cyano; or Rt is C3-C6carbocyclyl,
C3-C6carbocyclylC1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs (except hydrogen),
halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. Rr is RA, and preferably Rr is
hydrogen. Ls , Ls , RA, RB, RB-, RS, and Rs- are as defined above.In one
embodiment, A2 is 5- to 10-membered carbocycle or heterocycle (e.g.,
phenyl, pyrazinyl, pyridinyl, pyrimidinyl, pyridazinyl, oxazolyl,
thiazolyl, thienyl, furanyl, imidazolyl, pyrazolyl, triazolyl,
benzoxazolyl, benzothienyl, benzimidazolyl, benzofuranyl, benzothiazolyl,
indolyl, indenyl, naphthalenyl, quinolinyl, isoquinolinyl, quinoxalinyl,
cinnolinyl, quinazolinyl, or phthalazinyl) and is optionally substituted
with one or more RA. Preferably, A2 is 5- to 6-membered carbocycle or
heterocycle (e.g., phenyl), and is optionally substituted with one or more
RA; Xi is selected from -CH 2- , -O-, or -S-; R7 is selected from 5- to
6-membered carbocycles or heterocycles, and is optionally substituted with
one or more RA; and Zi is -N(R B)- (e.g., -NH- or -N(C 1-C6alkyl)- ) In
another embodiment, Wi, W2, and W5 are N, and W is C(RF); Ri is hydrogen;
R7 is phenyl, and is optionally substituted with one or more RA; and Rg,
Rn, and RF are each independently selected at each occurrence from
hydrogen; halogen; C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, C3-
C6carbocyclyl, or C3-C6carbocyclylC1-C6alkyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano. Preferably, R is
C1-C6alkyl, CrC 6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl (e.g.,
C3-C6cycloalkyl), or C3-C6carbocyclyC 1-C6alkyl (e.g., C3- C6cycloalkylC
1-C6alkyl), each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano;
and Rn and RF are hydrogen. Zi can be -N(R B)- (e.g., - NH- or -N(C
1-C6alkyl)-); Xi is -CH 2- , -O-, or -S-; and A2 can be 5- to 10-membered
carbocycle or heterocycle (e.g., phenyl, pyrazinyl, pyridinyl, pyrimidinyl,
pyridazinyl, oxazolyl, thiazolyl, thienyl, furanyl, imidazolyl, pyrazolyl,
triazolyl, benzoxazolyl, benzothienyl, benzimidazolyl, benzofuranyl,
benzothiazolyl, indolyl, indenyl, naphthalenyl, quinolinyl, isoquinolinyl,
quinoxalinyl, cinnolinyl, quinazolinyl, or phthalazinyl), and is optionally
substituted with one or more RA. Preferably, A2 is 5- to 6-membered
carbocycle or heterocycle (e.g., phenyl), and is optionally substituted
with one or more RA. In yet another embodiment, is or where X is O, S or
N(R B), and Ri3 is Rs . Preferably, Ri3 is C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3- C6carbocyclyl, CrC 6carbocyclylC 1-Cealkyl, 3- to
6-membered heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, -O-R B, -S-R B, -N(R
BRB ) , -OC(O)R B, - C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or
cyano; and X is O, S, NH or N(C 1-C6alkyl). The compounds of the present
invention can be used in the form of salts. Depending on the particular
compound, a salt of a compound may be advantageous due to one or more of
the salt'sphysical properties, such as enhanced pharmaceutical stability
under certain conditions or desired solubility in water or oil. In some
instances, a salt of a compound may be useful for the isolation or
purification of the compound. Where a salt is intended to be administered
to a patient, the salt preferably is pharmaceutically acceptable.
Pharmaceutically acceptable salts include, but are not limited to, acid
addition salts, base addition salts, and alkali metal salts.
Pharmaceutically acceptable acid addition salts may be prepared from
inorganic or organic acids. Examples of suitable inorganic acids include,
but are not limited to, hydrochloric, hydrobromic 



acid, hydroionic, nitric, carbonic, sulfuric, and phosphoric acid. Examples
of suitable organic acids include, but are not limited to, aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclyl, carboxylic, and
sulfonic classes of organic acids. Specific examples of suitable organic
acids include acetate, trifluoroacetate, formate, propionate, succinate,
glycolate, gluconate, digluconate, lactate, malate, tartaric acid, citrate,
ascorbate, glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate,
benzoate, anthranilic acid, mesylate, stearate, salicylate,
p-hydroxybenzoate, phenylacetate, mandelate, embonate (pamoate),
methanesulfonate, ethanesulfonate, benzenesulfonate, pantothenate,
toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate,
cyclohexylaminosulfonate, algenic acid, bhydroxybutyric acid, galactarate,
galacturonate, adipate, alginate, bisulfate, butyrate, camphorate,
camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, nicotinate,
2-naphthalesulfonate, oxalate, palmoate, pectinate, persulfate,
3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
undecanoate. Pharmaceutically acceptable base addition salts include, but
are not limited to, metallic salts and organic salts. Non-limiting examples
of suitable metallic salts include alkali metal (group Ia) salts, alkaline
earth metal (group Ha) salts, and other pharmaceutically acceptable metal
salts. Such salts may be made, without limitation, from aluminum, calcium,
lithium, magnesium, potassium, sodium, or zinc. Non-limiting examples of
suitable organic salts can be made from tertiary amines and quaternary
amine, such as tromethamine, diethylamine, N,N'-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine
(N-methylglucamine), and procaine. Basic nitrogen-containing groups can be
quaternized with agents such as alkyl halides (e.g., methyl, ethyl, propyl,
butyl, decyl, lauryl, myristyl, and stearyl chlorides/bromides/iodides),
dialkyl sulfates (e.g., dimethyl, diethyl, dibuytl, and diamyl sulfates),
aralkyl halides (e.g., benzyl and phenethyl bromides), and others. The
compounds or salts of the present invention may exist in the form of
solvates, such as with water (i.e., hydrates), or with organic solvents
(e.g., with methanol, ethanol or acetonitrile to form, respectively,
methanolate, ethanolate or acetonitrilate). The compounds or salts of the
present invention may also be used in the form of prodrugs. Some prodrugs
are aliphatic or aromatic esters derived from acidic groups on the
compounds of theinvention. Others are aliphatic or aromatic esters of
hydroxyl or amino groups on the compounds of the invention. Phosphate
prodrugs of hydroxyl groups are preferred prodrugs. The compounds of the
invention may comprise asymmetrically substituted carbon atoms known as
chiral centers. These compounds may exist, without limitation, as single
stereoisomers (e.g., single enantiomers or single diastereomer), mixtures
of stereoisomers (e.g. a mixture of enantiomers or diastereomers), or
racemic mixtures. Compounds identified herein as single stereoisomers are
meant to describe compounds that are present in a form that is
substantially free from other stereoisomers (e.g., substantially free from
other enantiomers or diastereomers). By "substantially free," it means that
at least 80% of the compound in a composition is the described
stereoisomer; preferably, at least 90% of the compound in a composition is
the described stereoisomer; and more preferably, at least 95%, 96%, 97%,
98% or 99% of the compound in a composition is the described stereoisomer.
Where the stereochemistry of a chiral carbon is not specified in the
chemical structure of a compound, the chemical structure is intended to
encompass compounds containing either stereoisomer of the chiral center.
Individual stereoisomers of the compounds of this invention can be prepared
using a variety of methods known in the art. These methods include, but are
not limited to, stereospecific synthesis, chromatographic separation of
diastereomers, chromatographic resolution of enantiomers, conversion of
enantiomers in an enantiomeric mixture to diastereomers followed by
chromatographically separation of the diastereomers and regeneration of the
individual enantiomers, and enzymatic resolution. Stereospecific synthesis
typically involves the use of appropriate optically pure (enantiomerically
pure) or substantial optically pure materials and synthetic reactions that
do not cause racemization or inversion of stereochemistry at the chiral
centers. Mixtures of stereoisomers of compounds, including racemic
mixtures, resulting from a synthetic reaction may be separated, for
example, by chromatographic techniques as appreciated by those of ordinary
skill in the art. Chromatographic resolution of enantiomers can be
accomplished by using chiral chromatography resins, many of which are
commercially available. In a non-limiting example, racemate is placed in 



solution and loaded onto the column containing a chiral stationary phase.
Enantiomers can then be separated by HPLC. Resolution of enantiomers can
also be accomplished by converting enantiomers in a mixture to
diastereomers by reaction with chiral auxiliaries. The resulting
diastereomers can be separated by column chromatography or
crystallization/re-crystallization. This technique is useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that
will form a salt or covalent bond with the chiral auxiliary. Non-limiting
examples of suitable chiral auxiliaries include chirally pure amino acids,
organic carboxylic acids or organosulfonic acids. Once the diastereomersare
separated by chromatography, the individual enantiomers can be regenerated.
Frequently, the chiral auxiliary can be recovered and used again. Enzymes,
such as esterases, phosphatases or lipases, can be useful for the
resolution of derivatives of enantiomers in an enantiomeric mixture. For
example, an ester derivative of a carboxyl group in the compounds to be
separated can be treated with an enzyme which selectively hydrolyzes only
one of the enantiomers in the mixture. The resulting enantiomerically pure
acid can then be separated from the unhydrolyzed ester. Alternatively,
salts of enantiomers in a mixture can be prepared using any method known in
the art, including treatment of the carboxylic acid with a suitable
optically pure base such as alkaloids or phenethylamine, followed by
precipitation or crystallization/re-crystallization of the enantiomerically
pure salts. Methods suitable for the resolution/separation of a mixture of
stereoisomers, including racemic mixtures, can be found in ENANTIOMERS,
RACEMATES, AND RESOLUTIONS (Jacques et al, 1981, John Wiley and Sons, New
York, NY). A compound of this invention may possess one or more unsaturated
carbon-carbon double bonds. All double bond isomers, such as the cis (Z)
and trans (E) isomers, and mixtures thereof are intended to be encompassed
within the scope of a recited compound unless otherwise specified. In
addition, where a compound exists in various tautomeric forms, a recited
compound is not limited to any one specific tautomer, but rather is
intended to encompass all tautomeric forms. Certain compounds of the
invention may exist in different stable conformational forms which may be
separable. Torsional asymmetry due to restricted rotations about an
asymmetric single bond, for example because of steric hindrance or ring
strain, may permit separation of different conformers. The compounds of the
invention includes each conformational isomer of these compounds and
mixtures thereof. Certain compounds of the invention may also exist in
zwitterionic form and the invention includes each zwitterionic form of
these compounds and mixtures thereof. The compounds of the present
invention are generally described herein using standard nomenclature. For a
recited compound having asymmetric center(s), it should be understood that
all of the stereoisomers of the compound and mixtures thereof are
encompassed in the present invention unless otherwise specified.
Non-limiting examples of stereoisomers include enantiomers, diastereomers,
and cis-transisomers. Where a recited compound exists in various tautomeric
forms, the compound is intended to encompass all tautomeric forms. Certain
compounds are described herein using general formulas that include
variables (e.g., Ai, A2, Zi, T, RB, or RA) . Unless otherwise specified,
each variable within such a formula is defined independently of any other
variable, and any variable that occurs more than one time in a formula is
defined independently at each occurrence. If moieties are described as
being "independently" selected from a group, each moiety is
selectedindependently from the other. Each moiety therefore can be
identical to or different from the other moiety or moieties. The number of
carbon atoms in a hydrocarbyl moiety can be indicated by the prefix
"Cx-Cy," where x is the minimum and y is the maximum number of carbon atoms
in the moiety. Thus, for example, "C1-C6alkyl" refers to an alkyl
substituent containing from 1 to 6 carbon atoms. Illustrating further,
C3-C6cycloalkyl means a saturated hydrocarbyl ring containing from 3 to 6
carbon ring atoms. A prefix attached to a multiple-component substituent
only applies to the first component that immediately follows the prefix. To
illustrate, the term "carbocyclylalkyl" contains two components:
carbocyclyl and alkyl. Thus, for example, C5-CecarbocyclylC1-C6alkyl refers
to a C5-C6carbocyclyl appended to the parent molecular moiety through a
C1-C6alkyl group. When words are used to describe a linking element between
two other elements of a depicted chemical structure, the leftmost-described
component of the linking element is the component that is bound to the left
element in the depicted structure. To illustrate, if the chemical structure
is Ai-T-A 2 



and T is described as -N(R B)S(O)-, then the chemical will A 1-N(R
B)-S(O)-A 2. If a linking element in a depicted structure is a bond, then
the left element in the depicted structure is joined directly to the right
element in the depicted structure. For example, if a chemical structure is
depicted as - Ls-M-L s-, where M is selected as a bond, then the chemical
structure will be - Ls- Ls-. For another example, if a chemical moiety is
depicted as - LS- RE where Ls is selected as a bond, then the chemical
moiety will be - RE. When a chemical formula is used to describe a moiety,
the dash(s) indicates the portion of the moiety that has the free
valence(s). If a moiety is described as being "optionally substituted", the
moiety may be either substituted or unsubstituted. If a moiety is described
as being optionally substituted with up to a particular number of
non-hydrogen radicals, that moiety may be either unsubstituted, or
substituted by up to that particular number of non-hydrogen radicals or by
up to the maximum number of substitutable positions on the moiety,
whichever is less. Thus, for example, if a moiety is described as a
heterocycle optionally substituted with up to three non-hydrogen radicals,
then any heterocycle with less than three substitutable positions will be
optionally substituted by up to only as many nonhydrogen radicals as the
heterocycle has substitutable positions. To illustrate, tetrazolyl (which
has only one substitutable position) will be optionally substituted with up
to one non-hydrogen radical. To illustrate further, if an amino nitrogen is
described as being optionally substituted with up to two non-hydrogen
radicals, then a primary amino nitrogen will be optionally substituted with
up to two non-hydrogen radicals, whereas a secondary amino nitrogen will be
optionally substituted with up to only one non-hydrogen radical. The term
"alkenyl" means a straight or branched hydrocarbyl chain containing one or
more double bonds. Each carbon-carbon double bond may have either cis or
trans geometry within thealkenyl moiety, relative to groups substituted on
the double bond carbons. Non-limiting examples of alkenyl groups include
ethenyl (vinyl), 2-propenyl, 3-propenyl, 1,4-pentadienyl, 1,4-butadienyl,
1-butenyl, 2-butenyl, and 3-butenyl. The term "alkenylene" refers to a
divalent unsaturated hydrocarbyl chain which may be linear or branched and
which has at least one carbon-carbon double bond. Non-limiting examples of
alkenylene groups include -C(H)=C(H)- -C(H)=C(H)-CH 2- , -C(H)=C(H)-CH 2-CH
2- , -CH 2-C(H)=C(H)-CH 2- , -C(H)=C(H)-CH(CH 3)-, and -CH
2-C(H)=C(H)-CH(CH 2CH3)-. The term "alkyl" means a straight or branched
saturated hydrocarbyl chain. Non-limiting examples of alkyl groups include
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tbutyl,
pentyl, iso-amyl, and hexyl. The term "alkylene" denotes a divalent
saturated hydrocarbyl chain which may be linear or branched. Representative
examples of alkylene include, but are not limited to, -CH2-, -CH2CH2-, -
CH2CH2CH2-, -CH2CH2CH2CH2-, and -CH2CH(CH3)CH2- . The term "alkynyl" means
a straight or branched hydrocarbyl chain containing one or more triple
bonds. Non-limiting examples of alkynyl include ethynyl, 1-propynyl,
2-propynyl, 3-propynyl, decynyl, 1-butynyl, 2-butynyl, and 3-butynyl. The
term "alkynylene" refers to a divalent unsaturated hydrocarbon group which
may be linear or branched and which has at least one carbon-carbon triple
bonds. Representative alkynylene groups include, by way of example, -OC-,
-OC-CH 2-, -C=C-CH2-CH2-, -CH2-CC-CH2-, -OCCH( CH3)-, and
-CH2-C=C-CH(CH2CH3)-. The term "carbocycle" or "carbocyclic" or
"carbocyclyl" refers to a saturated (e.g., "cycloalkyl"), partially
saturated (e.g., "cycloalkenyl" or "cycloalkynyl") or completely
unsaturated (e.g., "aryl") ring system containing zero heteroatom ring
atom. "Ring atoms" or "ring members" are the atoms bound together to form
the ring or rings. A carbocyclyl may be, without limitation, a single ring,
two fused rings, or bridged or spiro rings. A substituted carbocyclyl may
have either cis or trans geometry. Representative examples of carbocyclyl
groups include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclopentadienyl, cyclohexadienyl, adamantyl, decahydro-naphthalenyl,
octahydro-indenyl, cyclohexenyl, phenyl, naphthyl, indanyl,
1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl, and
norpinanyl. A carbocyclyl group can be attached to the parent molecular
moiety through any substitutable carbon ring atom. Where a carbocyclyl
group is a divalent moiety, such as Ai and A2 in Formula I, it can be
attached to the remaining molecular moiety through any two substitutable
ring 



atoms. The term "carbocyclylalkyl" refers to a carbocyclyl group appended
to the parent molecular moiety through an alkylene group. For instance,
C3-C6carbocyclylC 1-C6alkyl refers to a C3- C6carbocyclyl group appended to
the parent molecular moiety through C1-C6alkylene.The term "cycloalkenyl"
refers to a non-aromatic, partially unsaturated carbocyclyl moiety having
zero heteroatom ring member. Representative examples of cycloalkenyl groups
include, but are not limited to, cyclobutenyl, cyclopentenyl, cyclohexenyl,
and octahydronaphthalenyl. The term "cycloalkyl" refers to a saturated
carbocyclyl group containing zero heteroatom ring member. Non-limiting
examples of cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, decalinyl and norpinanyl. The prefix
"halo" indicates that the substituent to which the prefix is attached is
substituted with one or more independently selected halogen radicals. For
example, "C1-Cehaloalkyl" means a C1-C6alkyl substituent wherein one or
more hydrogen atoms are replaced with independently selected halogen
radicals. Non- limiting examples of C1-C6haloalkyl include chloromethyl,
1-bromoethyl, fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1,1
-trifluoroethyl. It should be recognized that if a substituent is
substituted by more than one halogen radical, those halogen radicals may be
identical or different (unless otherwise stated). The term "heterocycle" or
"heterocyclo" or "heterocyclyl" refers to a saturated (e.g.,
"heterocycloalkyl"), partially unsaturated (e.g., "heterocycloalkenyl" or
"heterocycloalkynyl") or completely unsaturated (e.g., "heteroaryl") ring
system where at least one of the ring atoms is a heteroatom (i.e.,
nitrogen, oxygen or sulfur), with the remaining ring atoms being
independently selected from the group consisting of carbon, nitrogen,
oxygen and sulfur. A heterocyclyl group can be linked to the parent
molecular moiety via any substitutable carbon or nitrogen atom(s) in the
group. Where a heterocyclyl group is a divalent moiety, such as Ai and A2
in Formula I, it can be attached to the remaining molecular moiety through
any two substitutable ring atoms. A heterocyclyl may be, without
limitation, a monocycle which contains a single ring. Nonlimiting examples
of monocycles include furanyl, dihydrofuranyl, tetrahydrofuranyl, pyrrolyl,
isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl,
imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,
triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl,
isothiazolidinyl, thiodiazolyl, oxathiazolyl, oxadiazolyl (including
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as "azoximyl"),
1,2,5-oxadiazolyl (also known as "furazanyl"), and 1,3,4-oxadiazolyl),
oxatriazolyl (including 1,2,3,4- oxatriazolyl and 1,2,3,5-oxatriazolyl),
dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-
dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including
1,2-pyranyl and 1,4-pyranyl), dihydropyranyl, pyridinyl, piperidinyl,
diazinyl (including pyridazinyl (also known as "1,2-diazinyl"), pyrimidinyl
(also known as "1,3-diazinyl"), and pyrazinyl (also known as
"1,4-diazinyl")), piperazinyl, triazinyl (including s-triazinyl (also known
as "1,3,5-triazinyl"), as-triazinyl (also known 1,2,4-triazinyl), and
v-triazinyl (also known as "1,2,3 -triazinyl), oxazinyl (including
1,2,3-oxazinyl, 1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as
"pentoxazolyl"), 1,2,6-oxazinyl, and 1,4-oxazinyl), isoxazinyl (including
o-isoxazinyl and p-isoxazinyl), oxazolidinyl, isoxazolidinyl,
oxathiazinyl(including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl),
oxadiazinyl (including 1,4,2-oxadiazinyl and 1,3,5,2-oxadiazinyl),
morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl. A heterocyclyl
may also be, without limitation, a bicycle containing two fused rings, such
as, for example, naphthyridinyl (including [1,8] naphthyridinyl, and [1,6]
naphthyridinyl), thiazolpyrimidinyl, thienopyrimidinyl,
pyrimidopyrimidinyl, pyridopyrimidinyl, pyrazolopyrimidinyl, indolizinyl,
pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl
(including pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, and
pyrido[4,3-b]-pyridinyl), pyridopyrimidine, and pteridinyl. Other
non-limiting examples of fused-ring heterocycles include benzo-fused
heterocyclyls, such as indolyl, isoindolyl, indoleninyl (also known as
"pseudoindolyl"), isoindazolyl (also known as "benzpyrazolyl"), benzazinyl
(including quinolinyl (also known as " 1-benzazinyl") and isoquinolinyl
(also known as "2-benzazinyl")), phthalazinyl, quinoxalinyl, benzodiazinyl
(including cinnolinyl (also known as "1,2-benzodiazinyl") and quinazolinyl
(also known as "1,3- benzodiazinyl")), benzopyranyl (including "chromenyl"
and "isochromenyl"), benzothiopyranyl (also known as "thiochromenyl"),
benzoxazolyl, indoxazinyl (also known as "benzisoxazolyl"), anthranilyl,
benzodioxolyl, benzodioxanyl, benzoxadiazolyl, benzofuranyl (also known as
"coumaronyl"), isobenzofuranyl, benzothienyl (also known as
"benzothiophenyl", "thionaphthenyl", and 



"benzothiofuranyl"), isobenzothienyl (also known as "isobenzothiophenyl",
"isothionaphthenyl", and "isobenzothiofuranyl"), benzothiazolyl,
benzothiadiazolyl, benzimidazolyl, benzotriazolyl, benzoxazinyl (including
1,3,2-benzoxazinyl, 1,4,2-benzoxazinyl, 2,3,1-benzoxazinyl, and 3,1,4-
benzoxazinyl), benzisoxazinyl (including 1,2-benzisoxazinyl and
1,4-benzisoxazinyl), and tetrahydroisoquinolinyl. A heterocyclyl may
comprise one or more sulfur atoms as ring members; and in some cases, the
sulfur atom(s) is oxidized to SO or SO2. The nitrogen heteroatom(s) in a
heterocyclyl may or may not be quaternized, and may or may not be oxidized
to N-oxide. In addition, the nitrogen heteroatom(s) may or may not be
N-protected. The term "pharmaceutically acceptable" is used adjectivally to
mean that the modified noun is appropriate for use as a pharmaceutical
product or as a part of a pharmaceutical product. The term "therapeutically
effective amount" refers to the total amount of each active substance that
is sufficient to show a meaningful patient benefit, e.g. a reduction in
viral load. The term "prodrug" refers to derivatives of the compounds of
the invention which have chemically or metabolically cleavable groups and
become, by solvolysis or under physiological conditions, the compounds of
the invention which are pharmaceutically active in vivo. A prodrug of a
compound may be formed in a conventional manner by reaction of a functional
group of the compound (such as an amino, hydroxy or carboxy group).
Prodrugs often offer advantages of solubility, tissue compatibility, or
delayed release in mammals (see, Bungard, H., DESIGN OF PRODRUGS, pp. 7-9,
21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives
wellknown to practitioners of the art, such as, for example, esters
prepared by reaction of the parent acidic compound with a suitable alcohol,
or amides prepared by reaction of the parent acid compound with a suitable
amine. Examples of prodrugs include, but are not limited to, acetate,
formate, benzoate or other acylated derivatives of alcohol or amine
functional groups within the compounds of the invention. The term "solvate"
refers to the physical association of a compound of this invention with one
or more solvent molecules, whether organic or inorganic. This physical
association often includes hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of the crystalline solid.
"Solvate" encompasses both solution-phase and isolable solvates. Exemplary
solvates include, but are not limited to, hydrates, ethanolates, and
methanolates. The term "N-protecting group" or "N-protected" refers to
those groups capable of protecting an amino group against undesirable
reactions. Commonly used N-protecting groups are described in Greene and
Wuts, PROTECTING GROUPS IN CHEMICAL SYNTHESIS (3rd ed., John Wiley & Sons,
NY (1999). Non-limiting examples of N-protecting groups include acyl groups
such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl,
2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, or
4-nitrobenzoyl; sulfonyl groups such as benzenesulfonyl or
p-toluenesulfonyl; sulfenyl groups such as phenylsulfenyl (phenyl-S-) or
triphenylmethylsulfenyl (trityl-S-); sulfinyl groups such as
p-methylphenylsulfinyl (pmethylphenyl- S(O)-) or t-butylsulfinyl
(t-Bu-S(O)-); carbamate forming groups such as benzyloxycarbonyl,
p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
pnitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl,
p-bromobenzyloxycarbonyl, 3,4- dimethoxybenzyloxycarbonyl,
3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-
trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)- 1-methylethoxycarbonyl,
dimethyl-3,5- dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl,
t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl,
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2-trichloro-ethoxy-carbonyl, phenoxycarbonyl, 4-nitro-phenoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or
phenylthiocarbonyl; alkyl groups such as benzyl, p-methoxybenzyl,
triphenylmethyl, or benzyloxymethyl; pmethoxyphenyl; and silyl groups such
as trimethylsilyl. Preferred N-protecting groups include formyl, acetyl,
benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl,
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). The compounds of the
present invention can be prepared by coupling a compound of Formula IV to a
compound of Formula V as showed in Scheme I, where Ai, A2, Zi, Wi, W , Ri,
R2, R3, R4, and 



T are as defined hereinabove. Compounds of Formula IV can be prepared
according to the processesdescribed in U.S. Patent Application Publication
Nos. 20070232627, 20070197558 and 20070232645 and WO2008/1 33753, while
compounds of Formula V can be prepared according to the procedures
described in WO2004014313, WO2004014852, WO2006133326, WO2007070556,
WO2007070600, WO2008021927, WO2008021928, WO2008021936, WO2008064218, and
WO2008070447. rv Scheme I As a non-limiting example, the compounds of the
present invention can be prepared by coupling a compound of Formula IV to a
compound of Formula V as shown in Scheme II, where T1 is a carboxylic acid
as shown or an activated derivative such as an acid chloride or an
activated ester (e.g., N-hydroxysuccinimide or pentafluorophenyl esters),
and T2 is an amine or substituted amine. Amide bond coupling reagents such
as DCC, EDAC, PyBOP, and HATU may be employed with the option of adding an
amine base such as triethylamine or Hunig's base in a solvent such as DMF,
DMSO, THF, or dichloromethane.As another non-limiting example, the
compounds of the present invention can be prepared by coupling a compound
of Formula IV to a compound of Formula V as shown in Scheme III, where Ti
and T2 are carboxylic acids or activated derivatives such as acid chlorides
or activated esters (e.g., Nhydroxysuccinimide or pentafluorophenyl esters)
by reaction with an amine or substituted amine as shown. Amide bond
coupling reagents such as DCC, EDAC, PyBOP, and HATU may be employed with
the option of adding an amine base such as triethylamine or Hunig's base in
a solvent such as DMF, DMSO, THF, or dichloromethane. Couplings may be
conducted concurrently to give symmetric products or sequentially to give
non-symmetric products. RB and RB are as defined hereinabove, and -C(O)N(R
B)-T'-N(R B )C(O)- is T. Scheme IIIAs yet another non-limiting example, the
compounds of the present invention can be prepared by coupling a compound
of Formula IV to a compound of Formula V as shown in Scheme IV, where Ti
and T2 are independently boronic acids or esters as shown by reaction with
heterocyclic or carbocyclic halides (iodide shown in Scheme IV) or
triflates and a transition metal catalyst. T' is a heterocyclic or
carbocyclic, and R can be, without limitation, independently selected at
each occurrence from hydrogen or LA, and LA is as defined hereinabove.
Alternatively, alkyl stannanes (such a tributyl- or trimethylstannanes) may
be employed in place of the boronates and coupled with halides or triflates
under analogous conditions. Pd catalysts such as Pd(PPh3)4 or
Pd(dppf)Cl2may be employed or generated in situ using a Pd (II) catalyst
such Pd(OAc) or Pd2(dba)3 and organophosphorous ligands, such as PPh3 or
P(t-Bu)3. Reactions may be conducted with addition of a base such K2CO3 or
K3PO in a solvent such as THF or DMF. Couplings may be conducted
concurrently to give symmetric products or sequentially to give
non-symmetric products. Scheme IV As still another non-limiting example,
the compounds of the present invention can be prepared by coupling a
compound of Formula IV to a compound of Formula V as shown in Scheme V,
where Ti and T2 are halides (iodide as shown) by reaction with an alkyne,
where R may be trimethylsilyl (TMS) or another suitable protecting group,
by Sonogashira reaction using a suitable catalyst. Pd catalysts such as
Pd(PPh3)4 or Pd(dppf)Cl2 may be employed or generated in situ using a Pd
(II) catalyst such Pd(OAc)2 or Pd2(dba)3 and organophosphorous ligands,
such as PPh3 or P(t-Bu)3. Alternatively, a Cu (I) catalyst may be employed,
such as Cu (I) iodide. Reactions may be conducted with addition of a base
such K2CO3 or K3PO4 or an amine base such as triethylamine or Hunig's base
in a solvent such as THF or DMF. The TMS protecting group may be removed
using a base such as K2CO3 in a solvent such as methanol or THF. A second
Sonogashira reaction with V may be conducted under the analogous conditions
to the first coupling. Couplings may be conducted concurrently to give
symmetric products or sequentially to give non-symmetric products.Scheme V
As a further non-limiting example, the compounds of the present invention
can be prepared by coupling a compound of Formula IV to a compound of
Formula V as shown in Scheme VI. Formula IV and V are both aldehydes, and
can be reacted with an amine to form Formula VI (step 1) by reductive
amination using a suitable reducing agent such as NaCNBH3 or NaBH(OAc) , in
a solvent such as THF or ethanol with or without the addition of acetic
acid. R may be, without limitation, C1-C6alkyl such as tert-buyl or
isopropyl, C6-C1ocarbocycle such as phenyl, or 6- to 10- membered
heterocycle. Alternatively, R may be a protecting group, such as benzyl or
2,4-dimethoxy benzyl, which may be removed from VI using hydrogenolysis or
by treatment with an acid, such as 



TFA or HCl. Alternatively, V may contain an alkyl halide, such as the
bromide shown, and reacted with the product of reductive amination (step 2)
of aldehyde IV with the amine to form VI (step 3). The alkylation using
halide V may be conducted in the presence of a base, such as NaH, NaOH,
Hunig's base, or NaHMDS in a solvent such as THF or DMF. The halide and
nitro substituted compounds VI may be reacted with alkyl, aryl, or
heteroaryl alcohols, thiols, phenols, or thiophenols using a base such as
K2CO3 or Hunig's base in a solvent such as THF or DMF. Nitro groups may be
reduced to amino groups, using Pd or Raney Ni catalyzed hydrogenation or
using Fe in the presence of NH4Cl, HCl, or acetic acid, and further
functionalized to compounds I using the processes described in U.S. Patent
Application Publication Nos. 20070232627, 20070197558 and 20070232645, and
WO2008/133753, as well as those described in WO2004014313, WO2004014852,
WO2006 133326, WO2007070556, WO2007070600, WO2008021927, WO2008021928,
WO2008021936, WO2008064218, and WO2008070447. T is -CH2-N(R)-CH2- or
-CH2-NH-CH2-.Vl Vl Scheme VI In addition, the compounds of Formula I can be
directly prepared from or an activated derivative thereof. For example, the
compounds of the present invention can be prepared from a compound of
Formula VI as shown in Scheme VII, which can be prepared through Schemes
I-V by substituting chloro and/or nitro for IV and V. The halide and nitro
substituted compounds VI may be reacted with alkyl, aryl, or heteroaryl
alcohols, thiols, phenols, or thiophenols using a base such as K2CO3 or
Hunig's base in a solvent such as THF or DMF. Nitro groups may be reduced
to amino groups, using Pd or Raney Ni catalyzed hydrogenation or using Fe
in the presence of NH4Cl, HCl, or acetic acid, and further functionalized
to compounds I using the processes described in U.S. Patent Application
Publication Nos. 20070232627, 20070197558 and 20070232645, and
WO2008/133753, as well as those described in WO2004014313, WO2004014852,
WO2006 133326, WO2007070556, WO2007070600, WO2008021927, WO2008021928,
WO2008021936, WO2008064218, and WO2008070447.Scheme VII The compounds
having Formulae II and III can be similarly prepared according to the above
schemes, as appreciated by those skilled in the art. If a moiety described
herein (e.g., -NH2 or -OH) is not compatible with the synthetic methods,
the moiety may be protected with a suitable protecting group that is stable
to the reaction conditions used in the methods. The protecting group may be
removed at a suitable point in the reaction sequence to provide a desired
intermediate or target compound. Suitable protecting groups and methods for
protecting or deprotecting moieties are well know in the art, examples of
which can be found in Greene and Wuts, supra. Optimum reaction conditions
and reaction times for each individual step may vary depending on the
particular reactants employed and substituents present in the reactants
used. Solvents, temperatures and other reaction conditions may be readily
selected by one of ordinary skill in the art based on the present
invention. It should be understood that the above-described embodiments and
schemes and the following examples are given by way of illustration, not
limitation. Various changes and modifications within the scope of the
present invention will become apparent to those skilled in the art from the
present description.Example 1
S)-4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-N-
(4-(2-(l-(2- phenylacetyl)pyrrolidin-2-yl)-
1H-imidazol-4-yl)phenyl)benzamide Example IA
4-(4-Amino-phenylsulfanyl)-3-nitro-benzoic acid methyl ester A mixture of
4-chloro-3-nitrobenzoic acid methyl ester (15.0 g, 68 mmol),
4-aminothiophenol (8.8 g, 68 mmol) and K2CO3 ( 11.8 g, 85 mmol) in DMF (150
mL) was heated at 90 C for 1.5 hours, cooled to room temperature, and then
poured into H2O (450 mL) under stirring. The aqueous mixture was extracted
with ethyl acetate (400 mL). The extract was washed with H2O (3 times) and
brine, dried over MgSO t, and evaporated to give the crude product as
orange crystal. The crude product was suspended in 150 mL of /-Pr2O and
stirred at room temperature for 1 hour. The crystal was collected by
filtration, washed with /-Pr2O and dried at 60 C for 3 days under reduced
pressure gave purified title compound as orange crystal (18.6 g, 90%
yield). Example IB
4-(4-fert-Butoxycarbonylamino-phenylsulfanyl)-3-nitro-benzoic acid methyl
esterA solution of the product from Example IA (18.5 g, 6 1 mmol) and
di-tert-butyl dicarbonate 



(26.8 g, 122 mmol) in/>-dioxane (280 mL) was heated at 90 C for 3 hours. An
additional di-tert-butyl dicarbonate (26.8 g, 122 mmol) was added and the
mixture was heated at 90 C for 3 hours. A second additional di-tert-butyl
dicarbonate (13.4 g, 6 1 mmol) was added and the mixture was heated at 90 C
for 4 hours. The reaction mixture was cooled to room temperature, and then
evaporated. The residue was diluted with /-Pr2O (250 mL) and the mixture
was stirred at room temperature for 1 hour. The resulting crystal was
collected by filtration, washed with /-Pr2O and dried at 60 C overnight
under reduced pressure gave the title compound as yellow crystal (22.8 g,
93% yield). Example 1C
3-Amino-4-(4-tert-butoxycarbonylamino-phenylsulfanyl)-benzoic acid methyl
ester A suspension of the product from Example IB (22.8 g, 56 mmol), Fe
powder (16.4 g, 282 mmol) and NH4Cl (15.1 g, 282 mmol) in aqueous EtOH
[prepared from EtOH (228 mL) and H2O (228 mL)] was gradually heated to
reflux and gently refluxed for 2 hours. The reaction mixture was cooled to
room temperature and filtered through celite pad. The filtrate was
evaporated. The aqueous residue was portioned between Ethyl acetate and
H2O, made basic to pH 9 with K2CO3, and then filtered through celite pad.
The organic layer was separated, washed with H2O and brine, dried over
MgSO4 and evaporated. The oily residue was crystallized in the treatment
with /-Pr2O (200 mL) and stirred at room temperature for 30 minutes. The
resulting crystal was collected by filtration, washed with /-Pr2O and dried
at 60 C overnight under reduced pressure gave the title compound as
colorless crystal (13.9 g, 66% yield). Example ID 4-(4- r
-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyrido[2,3- i
]pyrimidin-4-ylamino)- benzoic acid methyl esterA suspension of
N'-(3-cyano-6-isopropyl-pyridin-2-yl)-N,N-dimethyl-formamidine (2.00 g, 9.3
mmol) and the product from Example 1C (3.46 g, 9.3 mmol) in Acetic acid (40
mL) was heated at 120 C for 20 minutes under N2. After cooling to room
temperature, the reaction mixture was portioned between ethyl acetate (150
mL) and H2O (200 mL), and then made basic to pH 9 with K2Cq 3 under
stirring. The organic layer was separated, washed with 10% NaHCq 3, H2O and
brine, dried over MgSO4, and evaporated to give a pale brown oil. The oily
residue was separated by silica gel column chromatography (ethyl
acetate/n-hexane = 5/1) gave yellow crystal. Further purification by
washing with cold ethyl acetate (15 mL) gave the title compound as slightly
yellow crystal (3.27 g, 65% yield). Example IE 4-(4- r
-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyri do[2,3- i ]pyri
midin-4-ylamino)- benzoic acid To a solution of the product from Example ID
(3.25 g, 6.0 mmol) in THF (32.5 mL) was added aqueous LiOH [prepared from
LiOH monohydrate (1.02 g, 24 mmol) and H2O (10 mL)] dropwise at room
temperature. The mixture was stirred at room temperature for 26 hours, and
then evaporated. The aqueous mixture was diluted with 100 mL of H2O, washed
with ethyl acetate (50 mL), and then carefully acidified to pH 4-5 with 10%
HCl at 5 C under stirring. The resulting solid was collected by filtration,
washed with H2O, and dried at 60 C overnight under reduced pressure gave
the title compound as pale yellow crystal (3.09 g, 98% yield). Example IF
(S)- 1-tert-butyl 2-(2-(4-nitrophenyl)-2-oxoethyl) pyrrolidine-
1,2-dicarboxylateTo a solution of BOC-L-Proline (0.485 g, 2.25 mmol) and
2-Bromo-4'-nitro acetophenone (0.500 g, 2.05 mmol) in acetonitrile (20 mL)
was added diisopropylethylamine (0.39 mL, 2.25 mmol) dropwise at ambient
temperature. After stirred for four hours, the solution was poured into
brine and extracted into ethyl acetate, dried over sodium sulfate,
filtered, and the filtrate was concentrated to give a crude material that
was used without purification (100% yield). Example IG (S)-tert-butyl
2-(4-(4-nitrophenyl)- 1H-imidazol-2-yl)pyrrolidine- 1-carboxylate To a
solution of the Product from Example IF (0.775 g, 2.05 mmol) in toluene (10
mL) was added ammonium acetate (3.16 g, 41.0 mmol) in one portion. The
mixture was heated at 100 C for 16 hours. The dark red solution was poured
into brine, extracted into ethyl acetate, concentrated, and purified by
combi-flash 12g column, eluting with 0-30% ethyl acetate in dichloromethane
to give a waxy solid (0.545 g, 74%). Example 1H 



(S)-4-(4-nitrophenyl)-2-(pyrrolidin-2-yl)- 1H-imidazole To a solution of
the Product form Example IG (0.545 g, 1.52 mmol) in dichloromethane (15 mL)
was added trifluoroacetic acid (2.34 mL, 30.4 mmol) dropwise at ambient
temperature. The solution was stirred for 16 hours then concentrated and
azeotroped with toluene twice to give an orange waxy solid TFA salt (0.367
g, 65%). Example II (S)- 1-(2-(4-(4-nitrophenyl)-
1H-imidazol-2-yl)pyrrolidin- 1-yl)-2-phenylethanoneTo a solution of the
Product from Example 1H (0.18 g, 0.48 mmol) and HATU (0.202 g, 0.53 mmol)
in DMSO (5 mL) was added diisopropylethylamine (0.253 mL, 1.45 mmol)
followed by Phenyl acetic acid (0.066 mL, 0.53 mmol). The solution was
stirred for 16 hours, then diluted with water and the product was filtered
off and purified by combi-flash 12g column, eluting with 0-5% methanol in
dichloromethane to give a solid (0.137 g, 75%). Example IJ (S)-
1-(2-(4-(4-aminophenyl)- 1H-imidazol-2-yl)pyrrolidin-
1-yl)-2-phenylethanone To a solution of the Product from Example II (0.137
g, 0.36 mmol) in a mixture of water (0.75 mL), methanol (1.5 mL) and
tetrahydrofuran (1.5 mL) was added iron (0.102 g, 1.82 mmol) and ammonium
chloride (0.030 g, 0.54 mmol) and the resulting mixture was heated with
vigorous stirred at 75 C for one hour. The warm reaction mixture was
filtered through celite and rinsed well with methanol and tetrahydrofuran.
The filtrate was concentrated and partitioned between 10% NaHCO3 solution
and ethyl acetate. The organic layer was dried over sodium sulfate,
filtered, and concentrated to give a waxy solid that was used without
purification (97%). Example IK (S)-tert-butyl
4-(2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-4-(4-(2-(l-(2-
phenylacetyl)pyrrolidin-2-yl)-1H-imidazol-4-yl)phenylcarbamoyl)phenylthio)p
henylcarbamateTo a solution of the Product from Example IE (0.16 g, 0.30
mmol) and HATU (0.12 g, 0.316 mmol) in DMSO (5 mL) was added
diisopropylethylamine (0.184 mL, 1.05 mmol) followed by the Product from
Example IJ (0.1 15g, 0.33 mmol). The solution was stirred at ambient
temperature for 18 hours, then diluted with water and the crude product was
filtered off an purified by combi- flash 12g column, eluting with 0-10%
Methanol in dichloromethane to give a solid (0.092 g, 36%). Example IL
(S)-4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-N
-(4-(2-(l-(2- phenylacetyl)pyrrolidin-2-yl)-
1H-imidazol-4-yl)phenyl)benzamide To a solution of the Product of Example
IK (0.092 g, 0.1 1 mmol) in tetrahydrofuran ( 1 mL) was added 4 M HCl in
dioxane ( 1 mL, 4.2 mol) at ambient temperature. After stirred for four
hours, the solid HCl salt of the product was filtered off and taken up in a
small amount of methanol andadded to a NaHC03 solution. The free amine was
extracted into ethyl acetate, concentrated and purified by combi-flash 12g
column, eluting with 0-10% Methanol in dichloromethane to give a yellow
solid (0.035 g, 43%). 1H NMR (400 MHz, Solvent) d ppm 1.36 (d, J=7.02 Hz, 6
H) 1.89 - 2.36 (m, 4 H) 3.24 (dd, J=13.89, 6.87 Hz, 1 H) 3.50 - 3.81 (m, 4
H) 5.09 - 5.20 (m, 1 H) 6.66 (d, J=8.54 Hz, 2 H) 6.98 - 7.10 (m, 2 H) 7.12
- 7.35 (m, 7 H) 7.55 (d, J=8.54 Hz, 1 H) 7.66 - 7.79 (m, 5 H) 7.96 (s, 1H)
8.49 (s, 1H) 8.76 (d, J=8.24 Hz, 1H) Example 2
4-(4-aminophenylthio)-N-(4-(2-((S)-
1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)- 1Himidazol-
4-yl)phenyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide
Example 2A (R)-2-(dimethylamino)-2-phenylacetic acid A solution of
(R)-2-amino-2-phenylacetic acid (1.0 g, 6.62 mmol) and 37% aqueous
formaldehyde (3.22 mL, 39.7 mmol) in methanol (22 mL) was treated with 20%
Palladium on Carbon (0.35 g, 0.66 mmol) under a hydrogen atmosphere for 5
hours. After purging with nitrogen, then solution was filtered and
concentrated. The residue was taken up in a small amount of methanol and
ether was added. The resulting solid was filtered and dried to give a white
solid.Example 2B (R)-2-(dimethylamino)- 1-((S)-2-(4-(4-nitrophenyl)-
1H-imidazol-2-yl)pyrrolidin- 1-yl)-2- phenylethanone The Product of Example
1H (0.185 g, 0.49 mmol) and the Product of Example 2B (0.098 g, 0.54 mmol)
was processed in the same manner as in Example II. Example 2C (R)-
1-((S)-2-(4-(4-aminophenyl)- 1H-imidazol-2-yl)pyrrolidin-
1-yl)-2-(dimethylamino)-2- 



phenylethanone The Product of Example 2B (0.21 g, 0.50 mmol) was processed
in the same manner as in Example IJ to give a waxy solid (0.085 g, 44%).
Example 2D tert-butyl 4-(4-(4-(2-((S)-
1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)- 1H-imidazol-4-
yl)phenylcarbamoyl)-2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phenylth
io)phenylcarbamateA solution of the Product of Example 2C (0.081 g, 0.21
mmol) and the product from Example IE (0.10 g, 0.188 mmol) was processed in
the same manner as in Example IK to give a solid (0.094 g, 55%). Example 2E
4-(4-aminophenylthio)-N-(4-(2-((S)-
1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)- 1Himidazol-
4-yl)phenyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide The
Product of Example 2D (0.094 g, 0.10 mmol) was processed in the same manner
as in Example IL to give a yellow solid (0.016 g, 19%). 1H NMR (400 MHz,
Solvent) d ppm 1.36 (d, J=6.71 Hz, 6 H) 1.80 - 2.12 (m, 4 H) 2.17 (s, 6 H)
3.19 - 3.26 (m, 1 H) 3.38 (s, 1 H) 3.88 (s, 1H) 4.25 (s, 1 H) 5.06 (s, 1 H)
6.66 (d, J=8.54 Hz, 2 H) 7.02 (d, J=6.10 Hz, 1 H) 7.15 (d, J=8.54 Hz, 2 H)
7.23- 7.50 (m, 5 H) 7.55 (d, J=7.63 Hz, 1 H) 7.62 - 7.80 (m, 5 H) 7.99 (s,
1 H) 8.56 (s, 1 H) 8.77 (d, J=7.02 Hz, 1H) Example 3 A-1 169629.0
(S)-benzyl
2-(4-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)benzamido)phenylcarbamoyl)pyrrolidine- 1-carboxylate Example 3A
(S)-benzyl 2-(4-(tert-butoxycarbonylamino)phenylcarbamoyl)pyrrolidine-
1-carboxylate To a solution of Carbobenzyloxy-L-proline (0.20 g, 0.80 mmol)
and HATU (0.32 g, 0.84 mmol) in DMSO (6 mL) was added diisopropylethylamine
( 0.42 mL, 2.41 mmol) followed by tertbuty- 4-aminophenylcarbamate (0.175
g, 0.82 mmol). The solution was stirred at ambient temperature for two
hours, then diluted with water and the solid product was filtered off and
purified by combiflash 12g column, eluting with 0-20% ethyl acetate in
dichloromethane to give a solid (0.245 g, 70%).Example 3B (S)-benzyl
2-(4-aminophenylcarbamoyl)pyrrolidine- 1-carboxylate To a solution of the
Product from Example 3A (0.245g, 0.56 mmol) in dioxane (5 mL) was added 4M
HCl dioxane (2.8 mL, 11.2 mol) and the mixture was stirred at ambient
temperature for 17 hours. The mixture was concentrated and azeotroped with
toluene to give a tan solid (0. 18g, 86%). Example 3C (S)-benzyl
2-(4-(4-(4-(tert-butoxycarbonylamino)phenylthio)-3-(7-isopropylpyrido[2,3-d
]pyrimidin- 4-ylamino)benzamido)phenylcarbamoyl)pyrrolidine- 1-carboxylate
The product from Example IE (0.15 g, 0.28 mmol) and the Product from
Example 3B (0.134 I, 0.395 mmol) were processed in the same manner as
Example IK to give a solid (0.155g, 64%). Example 3D (S)-benzyl
2-(4-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)benzamido)phenylcarbamoyl)pyrrolidine- 1-carboxylateThe Product of
Example 3C (0.094 g, 0.10 mmol) was processed in the same manner as in
Example IL to give a yellow solid (0.045 g, 33%). 1H NMR (300 MHz, DMSO-D6)
d ppm 1.34 (d, J=6.62 Hz, 6 H) 1.81 - 2.00 (m, 3 H) 2.16 - 2.31 (m, 1 H)
3.15 - 3.27 (m, 1 H) 3.41 - 3.56 (m, 2 H) 4.29 - 4.40 (m, 1 H) 4.92 - 5.14
(m, 2 H) 5.59 (s, 2 H) 6.64 (d, J=8.46 Hz, 2 H) 6.87 (d, J=8.82 Hz, 1 H)
7.15 (d, J=8.46 Hz, 2 H) 7.18 - 7.27 (m, 2 H) 7.34 - 7.42 (m, 2 H) 7.54 (t,
J=8.09 Hz, 2 H) 7.62 - 7.72 (m, 3 H) 7.78 (d, J=7.35 Hz, 1 H) 7.95 (s, 1 H)
8.59 (s, 1 H) 8.89 (d, J=7.72 Hz, 1 H) 10.01 (d, J=5.52 Hz, 1H) 10.14 (d,
J=5.88 Hz, 2 H) Example 4
(S)-N-(4-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)benzamido)phenyl)pyrrolidine-2-carboxamideThe Product of Example 3C
(0.094 g, 0.10 mmol) was processed in the same manner as in Example IL to
give this product as a yellow solid (0.014 g, 12%). 1H NMR (300 MHz,
DMSO-D6) d ppm 1.34 (d, J=6.99 Hz, 6 H) 1.58 - 1.70 (m, 2 H) 1.70 - 1.85
(m, 1 H) 1.95 - 2.12 (m, 1 H) 2.88 (t, J=6.62 Hz, 2 H) 3.13 - 3.26 (m, 1 H)
3.66 (dd, J=8.64, 5.33 Hz, 1 H) 5.59 (s, 2 H) 6.63 (d, J=8.46 Hz, 2 H) 6.86
(d, J=8.46 Hz, 1 H) 7.14 (d, J=8.46 Hz, 2 H) 7.63 (q, J=8.95 Hz, 5 H) 7.77
(d, J=9.19 Hz, 1 H) 7.94 (s, 1H) 8.58 (s, 1H) 8.88 (d, J=6.99 Hz, 1H) 9.90
(s, 1H) 10.13 (d, J=10.66 Hz, 2 H) The following compounds were also
prepared according to the processes described herein: 



Example 5 Example 6 Example 7Example Example 9 Example 10 10 Example
11Example 12 Example 13 Example 14Example 15 Example 16 Example 17Example
18 The following compounds of Formula I can be similarly prepared according
to the present invention, wherein from Tablet 2; A1 and A2 are selected
from Table 3a and Table 3b, respectively; and T is selected from Table 4.
may also be selected from Table 5.Table 1.ANTI- VIRAL COMPOUNDS This
application claims the benefit from and incorporates herein by references
the entire content of U.S. Provisional Application No. 61/140,318, filed
December 23, 2008. FIELD The present invention relates to compounds
effective in inhibiting replication of Hepatitis C virus ("HCV"). The
present invention also relates to compositions comprising these compounds
and methods of using these compounds to treat HCV infection. BACKGROUND HCV
is an RNA virus belonging to the Hepacivirus genus in the Flaviviridae
family. HCV has enveloped virions that contain a positive stranded RNA
genome encoding all known virus-specific proteins in one single,
uninterrupted, open reading frame. The open reading frame comprises
approximately 9500 nucleotides encoding a single large polyprotein of about
3000 amino acids. The polyprotein comprises a core protein, envelope
proteins El and E2, a membrane bound protein p7, and the non-structural
proteins NS2, NS3, NS4A, NS4B, NS5A and NS5B. HCV infection is associated
with progressive liver pathology, including cirrhosis and hepatocellular
carcinoma. Chronic hepatitis C may be treated with peginterferon-alpha in
combination with ribavirin. Substantial limitations to efficacy and
tolerability remain as many users suffer from side effects and viral
elimination from the body is often inadequate. Therefore, there is a need
for new drugs to treat HCV infection. SUMMARY The present invention
features compounds of Formulae I, II and III, and pharmaceutically
acceptable salts thereof. These compounds and salts are capable of
inhibiting the replication of HCV. The present invention also features
compositions comprising the compounds or salts of the present invention.
The compositions can also include other therapeutic agents, such as HCV
helicase inhibitors, HCV polymerase inhibitors, HCV protease inhibitors,
NS5A inhibitors, CD81 inhibitors, cyclophilin inhibitors, or internal
ribosome entry site (IRES) inhibitors. The present invention further
features methods of using the compounds or salts of the present invention
to inhibit HCV replication. The methods comprise contacting cells infected
with HCV virus with a compound or salt of the present invention, thereby
inhibiting the replication of HCV virus in the cells. In addition, the
present invention features methods of using the compounds or salts of the
present invention, or compositions comprising the same, to treat HCV
infection. The methodscomprise administering a compound or salt of the
present invention, or a pharmaceutical composition comprising the same, to
a patient in need thereof, thereby reducing the blood or tissue level of
HCV virus in the patient. The present invention also features use of the
compounds or salts of the present invention for the manufacture of
medicaments for the treatment of HCV infection. Furthermore, the present
invention features processes of making the compounds or salts of the
invention. Other features, objects, and advantages of the present invention
are apparent in the detailed 



description that follows. It should be understood, however, that the
detailed description, while indicating preferred embodiments of the
invention, are given by way of illustration only, not limitation. Various
changes and modifications within the scope of the invention will become
apparent to those skilled in the art from the detailed description.
DETAILED DESCRIPTION The present invention features compounds having
Formula I, and pharmaceutically acceptable salts thereof, wherein: Ai is
C5-C10carbocyclyl or 5- to 10-membered heterocyclyl, and is substituted
with -Xi -R7, wherein said C5-C10carbocyclyl and 5- to 10-membered
heterocyclyl are optionally substituted with one or more RA; A2 is
C5-C10carbocyclyl or 5- to 10-membered heterocyclyl, and is substituted
with -X2-Rs, wherein said C5-C10carbocyclyl and 5- to 10-membered
heterocyclyl are optionally substituted with one or more RA; X I and X2 are
each independently selected from a bond, - Ls- , -O-, -S-, or -N(R B)-; R7
and R8 are each independently selected from hydrogen, - LA,
C5-C10carbocyclyl, or 5- to 10- membered heterocyclyl, wherein at each
occurrence said C5-C10carbocyclyl and 5- to 10- membered heterocyclyl are
each independently optionally substituted with one or more RA;Zi and Z2 are
each independently selected from a bond, -C(RcRc)-, -0-, -S-, or -N(R B)-;
Wi, W2, W3, and W4 are each independently selected from N or C(R D),
wherein RD is independently selected at each occurrence from hydrogen or
RA; R1 and R2 are each independently selected from hydrogen or RA; R3 and
R4 are each independently selected from hydrogen or RA; or R3 and R4, taken
together with the carbon atoms to which they are attached, form a
C5-C10carbocyclic or 5- to 10-membered heterocyclic ring, wherein said
C5-C10carbocyclic and 5- to 10-membered heterocyclic ring are optionally
substituted with one or more RA; R5 and R6 are each independently selected
from hydrogen or RA; or R5 and R6, taken together with the carbon atoms to
which they are attached, form a C5-C10carbocyclic or 5- to 10-membered
heterocyclic ring, wherein said C5-C10carbocyclic and 5- to 10-membered
heterocyclic ring are optionally substituted with one or more RA; T is
selected from a bond, -Ls-, - Ls-M-L s-, - Ls-M-L s-M'-L s -, wherein M and
M' are each independently selected from a bond, -O-, -S-, -N(R B)-, -C(O)-,
-S(O) 2- , -S(O)-, -OS(O)-, -OS(O) 2- , -S(O) 2O-, -S(O)O-, -C(O)O-,
-OC(O)- -OC(O)O-, -C(O)N(R B)- - N(RB)C(O)- -N(RB)C(O)O- -OC(O)N(RB)-,
-N(RB)S(O)- -N(RB)S(O) 2- -S(O)N(R B)-, - S(O) 2N(RB)-, -C(O)N(RB)C(O)-,
-N(R B)C(0)N(R B.)-, -N(R B)S0 2N(R B.)-, - N(R B)S(O)N(R B )-,
C5-C10carbocycle, or 5- to 10-membered heterocycle, and wherein T is
optionally substituted with one or more RA; RA is independently selected at
each occurrence from halogen, hydroxy, mercapto, amino, carboxy, nitro,
phosphate, oxo, thioxo, formyl, cyano, - LA, or - LS- RE; RB and RB are
each independently selected at each occurrence from hydrogen; or
C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl,
C3-C6carbocyclylC1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate,
oxo, thioxo, formyl or cyano; Rc and Rc- are each independently selected at
each occurrence from hydrogen; halogen; hydroxy; mercapto; amino; carboxy;
nitro; phosphate; oxo; thioxo; formyl; cyano; or C1-C6alkyl, C2- C6alkenyl,
C2-C6alkynyl, or C3-C6carbocyclyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate,
oxo, thioxo, formyl or cyano; LA is independently selected at each
occurrence from C1-C6alkyl, C2-C6alkenyl, or C2-C6alkynyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-R s, -S-R s, -N(RsRsO, -OC(O)Rs,
-C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano;Ls, Ls and L8 are
each independently selected at each occurrence from a bond; or d-C
6alkylene, C2-C6alkenylene, or C2-C6alkynylene, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, -O-R s , -S-Rs, - 



N(RSRS.), -OC(O)R S, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or
cyano; RE is independently selected at each occurrence from -O-R s, -S-R s,
-C(O)Rs, -OC(O)R S, - C(O)ORS, -N(RsRs ), -S(O)R S, -SO 2RS, -C(O)N(R SRS
), -N(R S)C(O)RS., - N(RS)C(O)N(RSRS"), -N(R S)SO2RS., -SO 2N(RSRS.), -N(R
S)SO2N(RSRS..), N(RS)S(O)N(RSRS. ), -OS(O)-R S, -OS(O) 2- RS, -S(O) 2ORS,
-S(O)OR S, -OC(O)OR S, - N(RS)C(O)ORS., -OC(O)N(R SRS ), -N(R S)S(O)-R S.,
-S(O)N(R SRS ), -C(O)N(R S)C(O)-R S., C3-C6carbocyclyl, or 3- to 6-membered
heterocyclyl, and said C3-C6carbocyclyl and 3- to 6- membered heterocyclyl
are each independently optionally substituted at each occurrence with one
or more substituents selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
RS (except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B,
-C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano; and RS, RS and
RS . are each independently selected at each occurrence from hydrogen; or
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl, C3-C6carbocyclylC
1-C6alkyl, 3- to 6- membered heterocyclyl, or (3- to 6-membered
heterocyclyl)C 1-C6alkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. Ai and A2 are preferably
independently selected from C3-C6carbocycles or 5- to 6-membered
heterocycles (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl or
piperidinyl), and are each independently optionally substituted with one or
more RA. A1 and A2 are substituted with -X1-R7 and -X2-R8, respectively.
The ring system in A1 can be identical to, or different from, that in A2.
For instance, A1 and A2 can both be phenyl, or one is phenyl and the other
is thiazolyl. Z1 and T can be attached to A1 via any two substitutable ring
atoms on A1, and Z2 and T can be attached to A2 via any two substitutable
ring atoms on A2. Two adjacent RA on A1 (or A2), taken together with the
ring atoms to which they are attached, may form a Cs-C6carbocycle or a 5-
to 6-membered heterocycle. Preferably, R3 and R4, taken together with the
carbon atoms to which they are attached, form a C5-C6carbocycle or a 5- to
6-membered heterocycle, which is optionally substituted with one or more
RA. Non-limiting examples of suitable 5- to 6-membered carbocycles or
heterocycles include orwhere W5 and W6 are independently N or C(RD), Q is N
or C(RD), and RD, R9 and R11 are each independently selected from hydrogen
or RA. Preferred examples of suitable 5- to 6- membered heterocycles
include or , where R9, R10, and R11 are each independently selected from
hydrogen or RA. Preferably, R5 and R , taken together with the carbon atoms
to which they are attached, also form a C5-C6carbocycle or a 5- to
6-membered heterocycle, which is optionally substituted with one or more
RA. Non-limiting examples of suitable 5- to 6-membered carbocycles or
heterocycles include and R14 are each independently selected from hydrogen
or RA. Preferred examples of suitable 5- to 6- membered heterocycles
include , where R12, R13, and R are each independently selected from
hydrogen or RA. More preferably, R 3 and R4, taken together with the carbon
atoms to which they are attached, form and R5 and R , taken together with
the carbon atoms to which they are attached, form , where R9, R1o, R11,
R12, R13, and R14 are each independently selected from hydrogen or RA.
Preferably, R9, R10, R11, R12, R13 , and R are each independently selected
from hydrogen; halogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, or C3- C6carbocyclyC1-C6alkyl, each of which is
independently optionally substituted at each occurrencewith one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano. Highly preferably, R9 and
R12 are each independently selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or C3-C6carbocyclyC
1-C6alkyl (e.g., C3-C6cycloalkylC 1-C6alkyl), each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano; and R10, R11, R13 and R14
are hydrogen. R7 and R8 are preferably independently selected from
C5-C6carbocycles or 5- to 6-membered heterocycles, and are each
independently optionally substituted with one or more RA. The ring system
in R7 can be identical to, or different from, that in R8. More preferably,
both R7 and R8 are phenyl, and are each independently optionally
substituted with one or more RA (e.g., -N(R SRS ), such as - 



NH2) . Xi and X are preferably independently selected from -CH 2- , -O-, or
-S-. Zi and Z2 are preferably independently -N(R B)-, such as -NH- or -N(C
1-C6alkyl)-. T can be selected, without limitation, from the following
moieties: where k is 1 or 2, R and R* are independently hydrogen or
C1-C6alkyl, and R' and R" are independently C1-C6alkyl or C6-Cioaryl.
Preferably, T is selected from Table 4 described below. More preferably, T
is - LS-N(R T)-L S- (e.g., -CH 2-N( RT)-CH 2-), or - Ls-C(R TRT')-Ls-
(e.g., -CH 2-C(R TRT')-CH 2-). RT is C1-C6alkyl, C2-C6alkenyl, or
C2-C6alkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected fromhalogen, -O-R s, -S-R
s, -N(R SRS ), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or
cyano; or Rt is C3-C6carbocyclyl, C3-C6carbocyclylC1-C6alkyl, 3- to
6-membered heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. RT is
RA, and preferably RT is hydrogen. Ls , Ls , RA, RB, RB' RS, and Rs are as
defined above. In one embodiment, Ai is a 5- to 6-membered carbocycle or
heterocycle (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl or
piperidinyl), which is substituted with -Xi-R 7 and is optionally
substituted with one or more RA; and A2 is a 5- to 6-membered carbocycle or
heterocycle (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl or
piperidinyl), which is substituted with -X2-R8 and is optionally
substituted with one or more RA. R 3 and R4, taken together with the carbon
atoms to which they are attached, form a 5- to 6-membered carbocycle or
heterocycle which is optionally substituted with one or more RA. R 5 and R
, taken together with the carbon atoms to which they are attached, also
form a 5- to 6-membered carbocycle or heterocycle which is optionally
substituted with one or more RA. Preferably, both Ai and A2 are phenyl, and
are substituted with -Xi-R 7 and -X2-R8, respectively, where Xi and X2
preferably are independently selected from -CH 2- , -0-, or -S-, and R7 and
R8 preferably are phenyl and are each independently optionally substituted
with one or more RA. In another embodiment, at least one of R7 and R8 is a
5- to 6-membered carbocycle or heterocycle (e.g., phenyl), which is
optionally substituted with one or more RA. In still another embodiment, R7
and R8 are each independently selected from 5- to 6-membered carbocycles or
heterocycles, and are each independently optionally substituted with one or
more RA. In a further embodiment, Wi, W2, W3 and W4 are N, and Zi and Z2
are independently - N(RB)-. Preferably, Zi and Z2 are independently
selected from -NH-, -N(C 1-C6alkly)-, -N(C 2- C6alkenyl)-, -N(C
2-C6alkynyl)-, -N(C 1-C6haloalkyl)-, -N(C 2-C6haloalkenyl)-, or -N(C 2-
C6haloalkynyl)-. More preferably, Z1 and Z2 are independently selected from
-NH- or -N(C 1- C6alkly)-. In still another embodiment, R3 and R4, taken
together with the carbon atoms to which they are attached, form 5 and 6 ,
taken together with the carbon atoms to which they are attached, form R9,
R10, RU, R12, R13 , and R14 are each independently selected from hydrogen
or RA; Wi, W2, W3 and W4 are N; Zi and Z2 are independently -N(R B)- (e.g.,
-NH- or -N(C1-C6alkly)-); and at least one of Xi and X2 is -CH 2- , -O-, or
-S-. Preferably, at least one of R7 and R8 is phenyl, and is optionally
substituted with one or more RA. More preferably, R1 and R2 are hydrogen;
and R9, R10, R11, R12, R13, and R14 are each independently selected from
hydrogen; halogen; or C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, or C3-C6carbocyclylC 1-C6alkyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano. Highly preferably, R9 and
R12 are each independently selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or C3-C6carbocyclyC
1-C6alkyl (e.g., C3- C6cycloalkylC 1-C6alkyl), each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano; and R1o, R11, R13and R14
are hydrogen. In yet another embodiment, R3 and R4, taken together with the
carbon atoms to which they are attached, form 5 and R6, taken together with
the carbon atoms to which they are attached, form R9, R10, R11, R12, R13 ,
and R14 are each independently selected from hydrogen or RA; Wi, W2, W3 and
W4 are N; Z1 and Z2 are independently -N(R B)- (e.g., -NH- or - 



N(C1-C6alkly)-); and X1 and X2 are each independently selected from -CH 2-
, -0-, or -S-. Preferably, R7 and R8 are phenyl, and are each optionally
substituted with one or more RA. More preferably, R1 and R2 are hydrogen;
and R9, R10, R11, R12, R13, and R14 are each independently selected from
hydrogen; halogen; C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, or C3- C6carbocyclyC 1-C6alkyl, each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano. Highly preferably, R9 and
R12 are each independently Q - C6alkyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or C3-C6carbocycIyQC6alkyl (e.g.,
C3-C6cycloalkylC 1-C6alkyl), each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo,
formyl or cyano; and R10, R11, R13 and R14 are hydrogen. In another
embodiment, R3 and R4 are each independently selected from hydrogen or RA,
and/or R5 and R6 are each independently selected from hydrogen or RA; and
at least one of R7 and R8 is a 5- to 6-membered carbocycle or heterocycle
(e.g., phenyl), which is optionally substituted with one or more RA.
Preferably, R7 and R8 are each independently selected from 5- to 6-membered
carbocycles or heterocycles, and are each independently optionally
substituted with one or more RA.In still another embodiment, R3 and R4 are
each independently selected from hydrogen or RA, and/or R5 and R6 are each
independently selected from hydrogen or RA; Ai is a 5- to 6-membered
carbocycle or heterocycle (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl
or piperidinyl), which is substituted with -X1-R7 and is optionally
substituted with one or more RA; and A2 is a 5- to 6- membered carbocycle
or heterocycle (e.g., phenyl, thiazolyl, thienyl, pyrrolidinyl or
piperidinyl), which is substituted with -X2-R8 and is optionally
substituted with one or more RA. Both A1 and A2 preferably are phenyl, and
are substituted with -X1-R7 and -X2-R8, respectively. X1 and X2 preferably
are independently selected from -CH 2- , -O- or -S-. R7 and R8 preferably
are each independently selected from 5- to 6-membered carbocycles or
heterocycles, and are each independently optionally substituted with one or
more RA. More preferably, R7 and R8 are phenyl, and are each independently
optionally substituted with one or more RA. W1, W2, W3 and W4 preferably
are N. Z1 and Z2 preferably are independently -N(R B)-, such as -NH-, -N(C
1-C6alkly)-, -N(C 2-C6alkenyl)-, -N(C 2- C6alkynyl)-, -N(C 1-C6haloalkyl)-
-N(C 2-C6haloalkenyl)-, or -N(C 2-C6haloalkynyl)-. More preferably, Z1 and
Z2 are independently selected from -NH- or -N(C 3-C6alkly)-. The present
invention also features compounds having Formula II, and pharmaceutically
acceptable salts thereof, wherein: X1 and X2 are each independently
selected from a bond, -Ls-, -O-, -S-, or -N(R B)-; R7 and R8 are each
independently selected from hydrogen, - LA, C5-C10carbocyclyl, or 5- to 10-
membered heterocyclyl, wherein at each occurrence said C5-C10carbocyclyl
and 5- to 10- membered heterocyclyl are each independently optionally
substituted with one or more RA; Z1 and Z2 are each independently selected
from a bond, -C(RcRc)-, -O-, -S-, or -N(R B)-; W1,W2, W3,W4 ,W5,W6,W7, and
W8 are each independently selected from N or C(RD), wherein RD is
independently selected at each occurrence from hydrogen or RA; R1, R2, R9,
R11, R12, R1 , R15 , and R1 are each independently selected at each
occurrence from hydrogen or RA; m and n are each independently selected
from 0, 1, 2, or 3;T is selected from a bond, - Ls- , - L8-M-L 8.-, -
Ls-M-L s-M'-L s -, wherein M and M' are each independently selected from a
bond, -O-, -S-, -N(R B)- -C(O)-, -S(O) 2- , -S(O)-, -OS(O)-, -OS(O) 2- ,
-S(O) 2O-, -S(O)O-, -C(O)O-, -OC(O)- -OC(O)O-, -C(O)N(R B)- - N(RB)C(0)-,
-N(RB)C(O)O-, -OC(O)N (RB )-, -N(R B)S(O)- -N(RB)S(O) 2- -S(O)N(RBH S(O)
2N(RB)-, -C(O)N(R B)C(O)-, -N(R B)C(0)N(R B.)-, -N(R B)S0 2N(R BH
N(RB)S(O)N(RB )-, C5-C10carbocycle, or 5- to 10-membered heterocycle, and
wherein T is optionally substituted with one or more RA; RA is
independently selected at each occurrence from halogen, hydroxy, mercapto,
amino, carboxy, nitro, phosphate, oxo, thioxo, formyl, cyano, - LA, or -
LS- RE; RB and RB, are each independently selected at each occurrence from
hydrogen; or C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl,
C3-C6carbocyclylC1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, 



hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or
cyano; Rc and RC are each independently selected at each occurrence from
hydrogen; halogen; hydroxy; mercapto; amino; carboxy; nitro; phosphate;
oxo; thioxo; formyl; cyano; or C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl, or
C3-C6carbocyclyl, each of which is independently optionally substituted at
each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or
cyano; LA is independently selected at each occurrence from C1-C6alkyl,
C2-C6alkenyl, or C2-C6alkynyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, -O-R S, -S-R S, -N(R SRS.), -OC(O)R S, -C(O)OR S, nitro,
phosphate, oxo, thioxo, formyl or cyano; Ls, Ls . and L8 are each
independently selected at each occurrence from a bond; or C1-C6alkylene,
C2-C6alkenylene, or C2-C6alkynylene, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-Rs, -S-Rs, - N(RSRS'), -OC(O)Rs, -C(O)ORs, nitro,
phosphate, oxo, thioxo, formyl or cyano; RE is independently selected at
each occurrence from -O-Rs, -S-Rs, -C(O)Rs, -OC(O)Rs, - C(O)ORS, -N(RsRs ),
-S(O)R S, -SO 2RS, -C(O)N(R SRS ), -N(R S)C(O)RS., - N(RS)C(O)N(RSRS..),
-N(R S)SO2RS., -SO 2N(RSRS.), -N(R S)SO2N(RSRS..), N(RS)S(O)N(RSRS. ),
-OS(O)-R S, -OS(O) 2- RS, -S(O) 2ORS, -S(O)OR S, -OC(O)OR S, -
N(RS)C(O)ORS., -OC(O)N(R SRS ), -N(R S)S(O)-R S., -S(O)N(R SRS ), -C(O)N(R
S)C(O)-R S., C3-C6carbocyclyl, or 3- to 6-membered heterocyclyl, and said
C3-C6carbocyclyl and 3- to 6- membered heterocyclyl are each independently
optionally substituted at each occurrence with one or more substituents
selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, RS (excepthydrogen),
halogen, -O-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano; and Rs, Rs- and Rs are each
independently selected at each occurrence from hydrogen; or C1-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl, C3-C6carbocyclylC 1-C6alkyl,
3- to 6- membered heterocyclyl, or (3- to 6-membered heterocyclyl)C
1-C6alkyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, -O-R B,
-S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo,
formyl or cyano. Zi and Z2 are preferably independently -N(R B)-, such as
-NH- or -N(C 1-C6alkyl)-. Xi and X2 are preferably independently selected
from -CH 2- , -O-, or -S. R7 and R8 are preferably independently selected
from Cs-C6carbocycles or 5- to 6-membered heterocycles, and are each
independently optionally substituted with one or more RA. The ring system
in R7 can be identical to, or different from, that in R8. More preferably,
both R7 and R8 are phenyl, and are each independently optionally
substituted with one or more RA (e.g., -N(R SRS ) such as - NH2) . T can be
selected, without limitation, from the following moieties: where k is 1 or
2, R and R* are independently hydrogen or C1-C6alkyl, and R' and R" are
independently C1-C6alkyl or C6-C10aryl. Preferably, T is selected from
Table 4 described below. More preferably, T is - LS-N(R T)-L S- (e.g., -CH
2-N(R T)-CH 2-), or - Ls-C(R TRT')-Ls- (e.g., -CH 2-C(R TRT')-CH 2-). RT is
C1-C6alkyl, C2-C6alkenyl, or C2-C6alkynyl, each of which isindependently
optionally substituted at each occurrence with one or more substituents
selected from halogen, -O-R s, -S-R s, -N(R SRS ), -OC(O)Rs, -C(O)ORs,
nitro, phosphate, oxo, thioxo, formyl or cyano; or Rt is C3-C6carbocyclyl,
C3-C6carbocyclylC1-C6alkyl, 3- to 6-membered heterocyclyl, or (3- or
6-membered heterocyclyl)C 1-C6alkyl, each of which is independently
optionally substituted at each occurrence with one or more substituents
selected from C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, Rs (except hydrogen),
halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. Rx is RA, and preferably Rx is
hydrogen. Ls , L , RA, RB, RB , Rs, and Rs- are as defined above. In one
embodiment, at least one of Xi and X2 is selected from -CH 2- , -0-, or
-S-; at least one of R7 and R8 is selected from 5- to 6-membered
carbocycles or heterocycles, and is optionally substituted with one or more
RA; and Zi and Z2 are each independently -N(R B)- (e.g., -NH- or -
N(C1-C6alkyl)-). In another embodiment, Xi and X2 are each independently
selected from -CH 2- , -0-, or -S-; 



R7 and R8 are each independently selected from C5-C6carbocycles or 5- to
6-membered heterocycles, and are each independently optionally substituted
with one or more RA; and Zi and Z2 are each independently -N(R B)- (e.g.,
-NH- or -N(C 1-C6alkyl)-). In still another embodiment, Wi, W2, W3, W4 ,
W5, and W7 are N, and W6 and W8 are each independently C(RD); R1 and R2 are
hydrogen; R7 and R8 are phenyl, and are each independently optionally
substituted with one or more RA; and R9, R11, R12, R14 , and RD are each
independently selected at each occurrence from hydrogen; halogen;
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, C3- C6carbocyclyl, or
C3-C6carbocyclylC 1-C6alkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo,
formyl or cyano. Preferably, R9 and R12 are each independently C1-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or
C3-C6carbocyclyC 1-C6alkyl (e.g., C3-C6cycloalkylC 1-C6alkyl), each of
which is independently optionally substituted at each occurrence with one
or more substituents selected from halogen, hydroxy, mercapto, amino,
carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano; and R11 , R14 and
RD are hydrogen. The present invention further features compounds having
Formula III, and pharmaceutically acceptable salts thereof,III wherein: Xi
and X2 are each independently selected from a bond, - Ls- , -O-, -S-, or
-N(R B)-; R7 and R8 are each independently selected from hydrogen, - LA,
C5-C10carbocyclyl, or 5- to 10- membered heterocyclyl, wherein at each
occurrence said C5-C10carbocyclyl and 5- to 10- membered heterocyclyl are
each independently optionally substituted with one or more RA; ZI and Z2
are each independently selected from a bond, -C(RcRc)-, -O-, -S-, or -N(R
B)-; Wi, W2, W3, W4 ,W5,W6,W7, and W8 are each independently selected from
N or C(RD), wherein RD is independently selected at each occurrence from
hydrogen or RA; R1, R2, R9, R11, R12, R14 , R15 , and R16 are each
independently selected at each occurrence from hydrogen or RA; m and n are
each independently selected from 0, 1, 2, or 3; T is selected from a bond,
- Ls- , - Ls-M-L s-, - Ls-M-L s-M'-L s -, wherein M and M' are each
independently selected from a bond, -O-, -S-, -N(R B)-, -C(O)-, -S(O) 2- ,
-S(O)-, -OS(O)-, -OS(O) 2- , -S(O) 2O-, -S(O)O-, -C(O)O-, -OC(O)- -OC(O)O-,
-C(O)N(R B)- - N(R B)C(O)- -N(R B)C(O)O-, -OC(O)N(R B)-, -N(R B)S(O)- -N(R
B)S(O) 2- , -S(O)N(R B)-, - S(O) 2N(RB)-, -C(O)N(RB)C(O)-, -N(R B)C(0)N(R
B.)- -N(R B)S0 2N(R B.)- - N(R B)S(O)N(R B )-, C5-C10carbocycle, or 5- to
10-membered heterocycle, and wherein T is optionally substituted with one
or more RA; RA is independently selected at each occurrence from halogen,
hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl,
cyano, - LA, or - LS- RE; RB and RB are each independently selected at each
occurrence from hydrogen; or C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl,
C3-C6carbocyclyl, C3-C6carbocyclylC1-C6alkyl, 3- to 6-membered
heterocyclyl, or (3- or 6-membered heterocyclyl)C 1-C6alkyl, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano; Rc and Rc are each
independently selected at each occurrence from hydrogen; halogen; hydroxy;
mercapto; amino; carboxy; nitro; phosphate; oxo; thioxo; formyl; cyano; or
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, or C3-C6carbocyclyl, each of which
is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, phosphate, oxo, thioxo, formyl or cyano; LA is independently
selected at each occurrence from C1-C6alkyl, C2-C6alkenyl, or C2-C6alkynyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, -O-R s, -S-R s, -N(R
SRS.), -OC(O)R S, -C(O)OR S, nitro, phosphate, oxo, thioxo, formyl or
cyano; Ls, Ls and L8- are each independently selected at each occurrence
from a bond; or d-C 6alkylene, C2-C6alkenylene, or C2-C6alkynylene, each of
which is independently optionally substituted at each occurrence with one
or more substituents selected from halogen, -O-R s , -S-Rs, - N(RSRS-),
-OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo, formyl or cyano; 



RE is independently selected at each occurrence from -O-Rs, -S-Rs, -C(O)Rs,
-OC(O)Rs, - C(O)ORS, -N(RsRs ), -S(O)R S, -SO 2RS, -C(O)N(R SRS ), -N(R
S)C(O)RS., - N(RS)C(O)N(RSRS"), -N(R S)SO2RS , -SO 2N(RSRS.), -N(R
S)SO2N(RSRS"), N(RS)S(O)N(RSRS ), -OS(O)-R S, -OS(O) 2- RS, -S(O) 2ORS,
-S(O)OR S, -OC(O)OR S, - N(RS)C(O)ORS., -OC(O)N(R SRS ), -N(R S)S(O)-R S.,
-S(O)N(R SRS ), -C(O)N(R S)C(O)-R S., C3-C6carbocyclyl, or 3- to 6-membered
heterocyclyl, and said C3-C6carbocyclyl and 3- to 6- membered heterocyclyl
are each independently optionally substituted at each occurrence with one
or more substituents selected from C1-C6alkyl, CrC 6alkenyl, C2-C6alkynyl,
RS (except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B,
-C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano; and RS, RS and
RS . are each independently selected at each occurrence from hydrogen; or
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, C3-C6carbocyclyl, C3-C6carbocyclylC
1-C6alkyl, 3- to 6- membered heterocyclyl, or (3- to 6-membered
heterocyclyl)C 1-C6alkyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from
halogen, -0-R B, -S-R B, -N(R BRB ), -OC(O)R B, -C(O)OR B, nitro,
phosphate, oxo, thioxo, formyl or cyano. Zi and Z2 are preferably each
independently -N(R B)-, such as -NH- or -N(C 1-C6alkyl)-. Xi and X2 are
preferably independently selected from -CH 2- , -0-, or -S. R7 and RS are
preferably independently selected from Cs-C6carbocycles or 5- to 6-membered
heterocycles, and are each independently optionally substituted with one or
more RA. The ring system in R7 can be identical to, or different from, that
in R8. More preferably, both R7 and R8 are phenyl, and are each
independently optionally substituted with one or more RA (e.g., -N(R SRS )
such as - NH2) . T can be selected, without limitation, from the following
moieties:R 0 where k is 1 or 2, R and R* are independently hydrogen or
C1-C6alkyl, and R' and R" are independently C1-C6alkyl or C6-C10aryl.
Preferably, T is selected from Table 4 described below. More preferably, T
is - LS-N(R T)-L S- (e.g., -CH 2-N(R T)-CH 2-), or - Ls-C(R TRT')-Ls-
(e.g., -CH 2-C(R TRT')-CH 2-). RT is C1-C6alkyl, C2-C6alkenyl, or
C2-C6alkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, -O-R s,
-S-R s, -N(R SRS ), -OC(O)Rs, -C(O)ORs, nitro, phosphate, oxo, thioxo,
formyl or cyano; or Rt is C3-C6carbocyclyl, C3-C6carbocyclylC 1-C6alkyl, 3-
to 6-membered heterocyclyl, or (3- or 6-membered heterocyclyl)C1-C6alkyl,
each of which is independently optionally substituted at each occurrence
with one or more substituents selected from C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, Rs (except hydrogen), halogen, -0-R B, -S-R B, -N(R BRB ),
-OC(O)R B, -C(O)OR B, nitro, phosphate, oxo, thioxo, formyl or cyano. RT is
RA, and preferably RT is hydrogen. Ls , Ls , RA, RB, RB-, RS, and Rs- are
as defined above. In one embodiment, at least one of Xi and X2 is selected
from -CH 2- , -0-, or -S-; at least one of R7 and R8 is selected from 5- to
6-membered carbocycles or heterocycles, and is optionally substituted with
one or more RA; and Zi and Z2 are each independently -N(R B)- (e.g., -NH-
or - N(C1-C6alkyl)-). In another embodiment, Xi and X2 are each
independently selected from -CH 2- , -0-, or -S-; R7 and R8 are each
independently selected from C5-C6carbocycles or 5- to 6-membered
heterocycles, and are each independently optionally substituted with one or
more RA; and Zi and Z2 are each independently -N(R B)- (e.g., -NH- or -N(
C1-C6alkyl)-).In still another embodiment, Wi, W2, W3, W4 , W5, and W7 are
N, and W6 and W8 are each independently C(RD); R1 and R2 are hydrogen; R7
and R8 are phenyl, and are each independently optionally substituted with
one or more RA; and R9, R11, R12, R14 , and RD are each independently
selected at each occurrence from hydrogen; halogen; or C1-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, C3- C6carbocyclylalkyl, or C3-C6carbocyclylC
1-C6alkyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or cyano.
Preferably, R9 and R12 are each independently C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3-C6carbocyclyl (e.g., C3-C6cycloalkyl), or C3-C6carbocyclyC
1-C6alkyl (e.g., C3-C6cycloalkylC 1-C6alkyl), each of which is
independently optionally substituted at each occurrence with one or more
substituents selected from halogen, 



hydroxy, mercapto, amino, carboxy, nitro, phosphate, oxo, thioxo, formyl or
cyano; and R11 , R14 and RD are hydrogen. The compounds of the present
invention can be used in the form of salts. Depending on the particular
compound, a salt of a compound may be advantageous due to one or more of
the salt's physical properties, such as enhanced pharmaceutical stability
under certain conditions or desired solubility in water or oil. In some
instances, a salt of a compound may be useful for the isolation or
purification of the compound. Where a salt is intended to be administered
to a patient, the salt preferably is pharmaceutically acceptable.
Pharmaceutically acceptable salts include, but are not limited to, acid
addition salts, base addition salts, and alkali metal salts.
Pharmaceutically acceptable acid addition salts may be prepared from
inorganic or organic acids. Examples of suitable inorganic acids include,
but are not limited to, hydrochloric, hydrobromic acid, hydroionic, nitric,
carbonic, sulfuric, and phosphoric acid. Examples of suitable organic acids
include, but are not limited to, aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclyl, carboxylic, and sulfonic classes of organic
acids. Specific examples of suitable organic acids include acetate,
trifluoroacetate, formate, propionate, succinate, glycolate, gluconate,
digluconate, lactate, malate, tartaric acid, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate,
anthranilic acid, mesylate, stearate, salicylate, p-hydroxybenzoate,
phenylacetate, mandelate, embonate (pamoate), methanesulfonate,
ethanesulfonate, benzenesulfonate, pantothenate, toluenesulfonate,
2-hydroxy ethanesulfonate, sufanilate, cyclohexylaminosulfonate, algenic
acid, bhydroxybutyric acid, galactarate, galacturonate, adipate, alginate,
bisulfate, butyrate, camphorate, camphorsulfonate, cyclopentanepropionate,
dodecylsulfate, glycoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, nicotinate, 2-naphthalesulfonate, oxalate, palmoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate,
and undecanoate. Pharmaceutically acceptable base addition salts include,
but are not limited to, metallic salts and organic salts. Non-limiting
examples of suitable metallic salts include alkali metal (group Ia)salts,
alkaline earth metal (group Ha) salts, and other pharmaceutically
acceptable metal salts. Such salts may be made, without limitation, from
aluminum, calcium, lithium, magnesium, potassium, sodium, or zinc.
Non-limiting examples of suitable organic salts can be made from tertiary
amines and quaternary amine, such as tromethamine, diethylamine,
N,N'-dibenzylethylenediamine, chloroprocaine, choline, diethanolamine,
ethylenediamine, meglumine (N-methylglucamine), and procaine. Basic
nitrogen-containing groups can be quaternized with agents such as alkyl
halides (e.g., methyl, ethyl, propyl, butyl, decyl, lauryl, myristyl, and
stearyl chlorides/bromides/iodides), dialkyl sulfates (e.g., dimethyl,
diethyl, dibuytl, and diamyl sulfates), aralkyl halides (e.g., benzyl and
phenethyl bromides), and others. The compounds or salts of the present
invention may exist in the form of solvates, such as with water (i.e.,
hydrates), or with organic solvents (e.g., with methanol, ethanol or
acetonitrile to form, respectively, methanolate, ethanolate or
acetonitrilate). The compounds or salts of the present invention may also
be used in the form of prodrugs. Some prodrugs are aliphatic or aromatic
esters derived from acidic groups on the compounds of the invention. Others
are aliphatic or aromatic esters of hydroxyl or amino groups on the
compounds of the invention. Phosphate prodrugs of hydroxyl groups are
preferred prodrugs. The compounds of the invention may comprise
asymmetrically substituted carbon atoms known as chiral centers. These
compounds may exist, without limitation, as single stereoisomers (e.g.,
single enantiomers or single diastereomer), mixtures of stereoisomers (e.g.
a mixture of enantiomers or diastereomers), or racemic mixtures. Compounds
identified herein as single stereoisomers are meant to describe compounds
that are present in a form that is substantially free from other
stereoisomers (e.g., substantially free from other enantiomers or
diastereomers). By "substantially free," it means that at least 80% of the
compound in a composition is the described stereoisomer; preferably, at
least 90% of the compound in a composition is the described stereoisomer;
and more preferably, at least 95%, 96%, 97%, 98% or 99% of the compound in
a composition is the described stereoisomer. Where the stereochemistry of a
chiral carbon is not specified in the chemical structure of a compound, the
chemical structure is intended to encompass compounds containing either
stereoisomer of the chiral center. Individual stereoisomers of the
compounds of this invention can be prepared using a variety 



of methods known in the art. These methods include, but are not limited to,
stereospecific synthesis, chromatographic separation of diastereomers,
chromatographic resolution of enantiomers, conversion of enantiomers in an
enantiomeric mixture to diastereomers followed by chromatographically
separation of the diastereomers and regeneration of the individual
enantiomers, and enzymatic resolution. Stereospecific synthesis typically
involves the use of appropriate optically pure (enantiomerically pure) or
substantial optically pure materials and synthetic reactions that do
notcause racemization or inversion of stereochemistry at the chiral
centers. Mixtures of stereoisomers of compounds, including racemic
mixtures, resulting from a synthetic reaction may be separated, for
example, by chromatographic techniques as appreciated by those of ordinary
skill in the art. Chromatographic resolution of enantiomers can be
accomplished by using chiral chromatography resins, many of which are
commercially available. In a non-limiting example, racemate is placed in
solution and loaded onto the column containing a chiral stationary phase.
Enantiomers can then be separated by HPLC. Resolution of enantiomers can
also be accomplished by converting enantiomers in a mixture to
diastereomers by reaction with chiral auxiliaries. The resulting
diastereomers can be separated by column chromatography or
crystallization/re-crystallization. This technique is useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that
will form a salt or covalent bond with the chiral auxiliary. Non-limiting
examples of suitable chiral auxiliaries include chirally pure amino acids,
organic carboxylic acids or organosulfonic acids. Once the diastereomers
are separated by chromatography, the individual enantiomers can be
regenerated. Frequently, the chiral auxiliary can be recovered and used
again. Enzymes, such as esterases, phosphatases or lipases, can be useful
for the resolution of derivatives of enantiomers in an enantiomeric
mixture. For example, an ester derivative of a carboxyl group in the
compounds to be separated can be treated with an enzyme which selectively
hydrolyzes only one of the enantiomers in the mixture. The resulting
enantiomerically pure acid can then be separated from the unhydrolyzed
ester. Alternatively, salts of enantiomers in a mixture can be prepared
using any method known in the art, including treatment of the carboxylic
acid with a suitable optically pure base such as alkaloids or
phenethylamine, followed by precipitation or
crystallization/re-crystallization of the enantiomerically pure salts.
Methods suitable for the resolution/separation of a mixture of
stereoisomers, including racemic mixtures, can be found in ENANTIOMERS,
RACEMATES, AND RESOLUTIONS (Jacques et al, 1981, John Wiley and Sons, New
York, NY). A compound of this invention may possess one or more unsaturated
carbon-carbon double bonds. All double bond isomers, such as the cis (Z)
and trans (E) isomers, and mixtures thereof are intended to be encompassed
within the scope of a recited compound unless otherwise specified. In
addition, where a compound exists in various tautomeric forms, a recited
compound is not limited to any one specific tautomer, but rather is
intended to encompass all tautomeric forms. C6rtain compounds of the
invention may exist in different stable conformational forms which may be
separable. Torsional asymmetry due to restricted rotations about an
asymmetric single bond, for example because of steric hindrance or ring
strain, may permit separation of different conformers. The compounds of the
invention includes each conformational isomer of these compounds and
mixtures thereof.Certain compounds of the invention may also exist in
zwitterionic form and the invention includes each zwitterionic form of
these compounds and mixtures thereof. The compounds of the present
invention are generally described herein using standard nomenclature. For a
recited compound having asymmetric center(s), it should be understood that
all of the stereoisomers of the compound and mixtures thereof are
encompassed in the present invention unless otherwise specified.
Non-limiting examples of stereoisomers include enantiomers, diastereomers,
and cis-transisomers. Where a recited compound exists in various tautomeric
forms, the compound is intended to encompass all tautomeric forms. Certain
compounds are described herein using general formulas that include
variables (e.g., Ai, A2, Zi, Z2, R1 or R2) . Unless otherwise specified,
each variable within such a formula is defined independently of any other
variable, and any variable that occurs more than one time in a formula is
defined independently at each occurrence. If moieties are described as
being "independently" selected from a group, each moiety is selected
independently from the other. Each moiety therefore can be identical to or
different from the other 



moiety or moieties. The number of carbon atoms in a hydrocarbyl moiety can
be indicated by the prefix "Cx-Cy," where x is the minimum and y is the
maximum number of carbon atoms in the moiety. Thus, for example,
"C1-C6alkyl" refers to an alkyl substituent containing from 1 to 6 carbon
atoms. Illustrating further, C3-C6cycloalkyl means a saturated hydrocarbyl
ring containing from 3 to 6 carbon ring atoms. A prefix attached to a
multiple-component substituent only applies to the first component that
immediately follows the prefix. To illustrate, the term "carbocyclylalkyl"
contains two components: carbocyclyl and alkyl. Thus, for example,
C3-C6carbocyclylC 1-C6alkyl refers to a C3-C6carbocyclyl appended to the
parent molecular moiety through a C1-C6alkyl group. When words are used to
describe a linking element between two other elements of a depicted
chemical structure, the leftmost-described component of the linking element
is the component that is bound to the left element in the depicted
structure. To illustrate, if the chemical structure is Ai-T-A2 and T is
described as -N(R B)S(O)-, then the chemical will be A I-N(R B)-S(O)-A 2.
If a linking element in a depicted structure is a bond, then the left
element in the depicted structure is joined directly to the right element
in the depicted structure. For example, if a chemical structure is depicted
as - Ls-M-L s-, where M is selected as a bond, then the chemical structure
will be - Ls- Ls-. For another example, if a chemical moiety is depicted as
- LS- RE where Ls is selected as a bond, then the chemical moiety will be -
RE. When a chemical formula is used to describe a moiety, the dash(s)
indicates the portion of the moiety that has the free valence(s). If a
moiety is described as being "optionally substituted", the moiety may be
either substituted or unsubstituted. If a moiety is described as being
optionally substituted with up to a particular number of non-hydrogen
radicals, that moiety may be either unsubstituted, or substituted by up to
thatparticular number of non-hydrogen radicals or by up to the maximum
number of substitutable positions on the moiety, whichever is less. Thus,
for example, if a moiety is described as a heterocycle optionally
substituted with up to three non-hydrogen radicals, then any heterocycle
with less than three substitutable positions will be optionally substituted
by up to only as many nonhydrogen radicals as the heterocycle has
substitutable positions. To illustrate, tetrazolyl (which has only one
substitutable position) will be optionally substituted with up to one
non-hydrogen radical. To illustrate further, if an amino nitrogen is
described as being optionally substituted with up to two non-hydrogen
radicals, then a primary amino nitrogen will be optionally substituted with
up to two non-hydrogen radicals, whereas a secondary amino nitrogen will be
optionally substituted with up to only one non-hydrogen radical. The term
"alkenyl" means a straight or branched hydrocarbyl chain containing one or
more double bonds. Each carbon-carbon double bond may have either cis or
trans geometry within the alkenyl moiety, relative to groups substituted on
the double bond carbons. Non-limiting examples of alkenyl groups include
ethenyl (vinyl), 2-propenyl, 3-propenyl, 1,4-pentadienyl, 1,4-butadienyl,
1-butenyl, 2-butenyl, and 3-butenyl. The term "alkenylene" refers to a
divalent unsaturated hydrocarbyl chain which may be linear or branched and
which has at least one carbon-carbon double bond. Non-limiting examples of
alkenylene groups include -C(H)=C(H)- -C(H)=C(H)-CH 2- , -C(H)=C(H)-CH 2-CH
2- , -CH 2-C(H)=C(H)-CH 2- , -C(H)=C(H)-CH(CH 3)-, and -CH
2-C(H)=C(H)-CH(CH 2CH3)-. The term "alkyl" means a straight or branched
saturated hydrocarbyl chain. Non-limiting examples of alkyl groups include
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tbutyl,
pentyl, iso-amyl, and hexyl. The term "alkylene" denotes a divalent
saturated hydrocarbyl chain which may be linear or branched. Representative
examples of alkylene include, but are not limited to, -CH2-, -CH2CH2-, -
CH2CH2CH2-, -CH2CH2CH2CH2-, and -CH2CH(CH3)CH2- . The term "alkynyl" means
a straight or branched hydrocarbyl chain containing one or more triple
bonds. Non-limiting examples of alkynyl include ethynyl, 1-propynyl,
2-propynyl, 3-propynyl, decynyl, 1-butynyl, 2-butynyl, and 3-butynyl. The
term "alkynylene" refers to a divalent unsaturated hydrocarbon group which
may be linear or branched and which has at least one carbon-carbon triple
bonds. Representative alkynylene groups include, by way of example, -OC-,
-OC-CH 2-, -OC-CH 2-CH2-, -CH2-OC-CH 2-, -OCCH( CH3)-, and
-CH2-C=C-CH(CH2CH3)-. 



The term "carbocycle" or "carbocyclic" or "carbocyclyl" refers to a
saturated (e.g., "cycloalkyl"), partially saturated (e.g., "cycloalkenyl"
or "cycloalkynyl") or completely unsaturated (e.g., "aryl") ring system
containing zero heteroatom ring atom. "Ring atoms" or "ring members" are
the atoms bound together to form the ring or rings. A carbocyclyl may be,
without limitation, a singlering, two fused rings, or bridged or spiro
rings. A substituted carbocyclyl may have either cis or trans geometry.
Representative examples of carbocyclyl groups include, but are not limited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclopentenyl, cyclopentadienyl, cyclohexadienyl, adamantyl,
decahydro-naphthalenyl, octahydro-indenyl, cyclohexenyl, phenyl, naphthyl,
indanyl, 1,2,3,4-tetrahydro-naphthyl, indenyl, isoindenyl, decalinyl, and
norpinanyl. A carbocyclyl group can be attached to the parent molecular
moiety through any substitutable carbon ring atom. Where a carbocyclyl
group is a divalent moiety, such as A1 and A2 in Formula I, it can be
attached to the remaining molecular moiety through any two substitutable
ring atoms. The term "carbocyclylalkyl" refers to a carbocyclyl group
appended to the parent molecular moiety through an alkylene group. For
instance, C3-C6carbocyclylC 1-C6alkyl refers to a C3- C6carbocyclyl group
appended to the parent molecular moiety through C1-C6alkylene. The term
"cycloalkenyl" refers to a non-aromatic, partially unsaturated carbocyclyl
moiety having zero heteroatom ring member. Representative examples of
cycloalkenyl groups include, but are not limited to, cyclobutenyl,
cyclopentenyl, cyclohexenyl, and octahydronaphthalenyl. The term
"cycloalkyl" refers to a saturated carbocyclyl group containing zero
heteroatom ring member. Non-limiting examples of cycloalkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
decalinyl and norpinanyl. The prefix "halo" indicates that the substituent
to which the prefix is attached is substituted with one or more
independently selected halogen radicals. For example, "C1-C6haloalkyl"
means a C1-C6alkyl substituent wherein one or more hydrogen atoms are
replaced with independently selected halogen radicals. Non- limiting
examples of C1-C6haloalkyl include chloromethyl, 1-bromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1,1 -trifluoroethyl.
It should be recognized that if a substituent is substituted by more than
one halogen radical, those halogen radicals may be identical or different
(unless otherwise stated). The term "heterocycle" or "heterocyclo" or
"heterocyclyl" refers to a saturated (e.g., "heterocycloalkyl"), partially
unsaturated (e.g., "heterocycloalkenyl" or "heterocycloalkynyl") or
completely unsaturated (e.g., "heteroaryl") ring system where at least one
of the ring atoms is a heteroatom (i.e., nitrogen, oxygen or sulfur), with
the remaining ring atoms being independently selected from the group
consisting of carbon, nitrogen, oxygen and sulfur. A heterocyclyl group can
be linked to the parent molecular moiety via any substitutable carbon or
nitrogen atom(s) in the group. Where a heterocyclyl group is a divalent
moiety, such as Ai and A2 in Formula I, it can be attached to the remaining
molecular moiety through any two substitutable ring atoms. A heterocyclyl
may be, without limitation, a monocycle which contains a single ring.
Nonlimiting examples of monocycles include furanyl, dihydrofuranyl,
tetrahydrofuranyl, pyrrolyl, isopyrrolyl, pyrrolinyl, pyrrolidinyl,
imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl,pyrazolyl,
pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl,
thiazolidinyl, isothiazolidinyl, thiodiazolyl, oxathiazolyl, oxadiazolyl
(including 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as "azoximyl"),
1,2,5-oxadiazolyl (also known as "furazanyl"), and 1,3,4-oxadiazolyl),
oxatriazolyl (including 1,2,3,4- oxatriazolyl and 1,2,3,5-oxatriazolyl),
dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-
dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including
1,2-pyranyl and 1,4-pyranyl), dihydropyranyl, pyridinyl, piperidinyl,
diazinyl (including pyridazinyl (also known as "1,2-diazinyl"), pyrimidinyl
(also known as "1,3-diazinyl"), and pyrazinyl (also known as
"1,4-diazinyl")), piperazinyl, triazinyl (including s-triazinyl (also known
as "1,3,5-triazinyl"), as-triazinyl (also known 1,2,4-triazinyl), and
v-triazinyl (also known as "1,2,3 -triazinyl), oxazinyl (including
1,2,3-oxazinyl, 1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as
"pentoxazolyl"), 1,2,6-oxazinyl, and 1,4-oxazinyl), isoxazinyl (including
o-isoxazinyl and p-isoxazinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl
(including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl
(including 1,4,2-oxadiazinyl and 1,3,5,2-oxadiazinyl), morpholinyl,
azepinyl, oxepinyl, thiepinyl, and diazepinyl. A heterocyclyl may also be,
without limitation, a bicycle containing two fused rings, such as, for
example, naphthyridinyl (including [1,8] naphthyridinyl, and [1,6]
naphthyridinyl), 



thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrimidinyl,
pyridopyrimidinyl, pyrazolopyrimidinyl, indolizinyl, pyrindinyl,
pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl (including pyrido
[3,4-b] -pyridinyl, pyrido [3,2-b] -pyridinyl, and pyrido [4,3 -b]
-pyridinyl), pyridopyrimidine, and pteridinyl. Other non-limiting examples
of fused-ring heterocycles include benzo-fused heterocyclyls, such as
indolyl, isoindolyl, indoleninyl (also known as "pseudoindolyl"),
isoindazolyl (also known as "benzpyrazolyl"), benzazinyl (including
quinolinyl (also known as " 1-benzazinyl") and isoquinolinyl (also known as
"2-benzazinyl")), phthalazinyl, quinoxalinyl, benzodiazinyl (including
cinnolinyl (also known as " 1,2-benzodiazinyl") and quinazolinyl (also
known as "1,3- benzodiazinyl")), benzopyranyl (including "chromenyl" and
"isochromenyl"), benzothiopyranyl (also known as "thiochromenyl"),
benzoxazolyl, indoxazinyl (also known as "benzisoxazolyl"), anthranilyl,
benzodioxolyl, benzodioxanyl, benzoxadiazolyl, benzofuranyl (also known as
"coumaronyl"), isobenzofuranyl, benzothienyl (also known as
"benzothiophenyl", "thionaphthenyl", and "benzothiofuranyl"),
isobenzothienyl (also known as "isobenzothiophenyl", "isothionaphthenyl",
and "isobenzothiofuranyl"), benzothiazolyl, benzothiadiazolyl,
benzimidazolyl, benzotriazolyl, benzoxazinyl (including 1,3,2-benzoxazinyl,
1,4,2-benzoxazinyl, 2,3,1-benzoxazinyl, and 3,1,4- benzoxazinyl),
benzisoxazinyl (including 1,2-benzisoxazinyl and 1,4-benzisoxazinyl), and
tetrahydroisoquinolinyl. A heterocyclyl may comprise one or more sulfur
atoms as ring members; and in some cases, the sulfur atom(s) is oxidized to
SO or SO2. The nitrogen heteroatom(s) in a heterocyclyl may or maynot be
quaternized, and may or may not be oxidized to N-oxide. In addition, the
nitrogen heteroatom(s) may or may not be N-protected. The term
"pharmaceutically acceptable" is used adjectivally to mean that the
modified noun is appropriate for use as a pharmaceutical product or as a
part of a pharmaceutical product. The term "therapeutically effective
amount" refers to the total amount of each active substance that is
sufficient to show a meaningful patient benefit, e.g. a reduction in viral
load. The term "prodrug" refers to derivatives of the compounds of the
invention which have chemically or metabolically cleavable groups and
become, by solvolysis or under physiological conditions, the compounds of
the invention which are pharmaceutically active in vivo. A prodrug of a
compound may be formed in a conventional manner by reaction of a functional
group of the compound (such as an amino, hydroxy or carboxy group).
Prodrugs often offer advantages of solubility, tissue compatibility, or
delayed release in mammals (see, Bungard, H., DESIGN OF PRODRUGS, pp. 7-9,
21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives well
known to practitioners of the art, such as, for example, esters prepared by
reaction of the parent acidic compound with a suitable alcohol, or amides
prepared by reaction of the parent acid compound with a suitable amine.
Examples of prodrugs include, but are not limited to, acetate, formate,
benzoate or other acylated derivatives of alcohol or amine functional
groups within the compounds of the invention. The term "solvate" refers to
the physical association of a compound of this invention with one or more
solvent molecules, whether organic or inorganic. This physical association
often includes hydrogen bonding. In certain instances the solvate will be
capable of isolation, for example when one or more solvent molecules are
incorporated in the crystal lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolable solvates. Exemplary solvates
include, but are not limited to, hydrates, ethanolates, and methanolates.
The term "N-protecting group" or "N-protected" refers to those groups
capable of protecting an amino group against undesirable reactions.
Commonly used N-protecting groups are described in Greene and Wuts,
PROTECTING GROUPS IN CHEMICAL SYNTHESIS (3rd ed., John Wiley & Sons, NY
(1999). Non-limiting examples of N-protecting groups include acyl groups
such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl,
2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, or
4-nitrobenzoyl; sulfonyl groups such as benzenesulfonyl or
p-toluenesulfonyl; sulfenyl groups such as phenylsulfenyl (phenyl-S-) or
triphenylmethylsulfenyl (trityl-S-); sulfinyl groups such as
p-methylphenylsulfinyl (pmethylphenyl- S(O)-) or t-butylsulfinyl
(t-Bu-S(O)-); carbamate forming groups such as benzyloxycarbonyl,
p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
pnitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl,
p-bromobenzyloxycarbonyl, 3,4- dimethoxybenzyloxycarbonyl,
3,5-dimethoxybenzyloxycarbonyl,
2,4-dimethoxybenzyloxycarbonyl,4-methoxybenzyloxycarbonyl,
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5- 



trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)- 1-methylethoxycarbonyl,
dimethyl-3,5- dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl,
t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl,
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2-trichloro-ethoxy-carbonyl, phenoxycarbonyl, 4-nitro-phenoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or
phenylthiocarbonyl; alkyl groups such as benzyl, p-methoxybenzyl,
triphenylmethyl, or benzyloxymethyl; pmethoxyphenyl; and silyl groups such
as trimethylsilyl. Preferred N-protecting groups include formyl, acetyl,
benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl,
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). The compounds of the
present invention can be prepared by coupling a compound of Formula IV to a
compound of Formula V as showed in Scheme I, where Ai, A2, Zi, Z2, Wi, W2,
W3, W4, R1, R2, R3, R4, R5, R6 and T are as defined hereinabove. Compounds
of Formulae IV and V can be prepared according to the processes described
in U.S. Patent Application Publication Nos. 20070232627, 20070197558 and
20070232645, and WO2008/133753. As a non-limiting example, the compounds of
the present invention can be prepared by coupling a compound of Formula IV
to a compound of Formula V as shown in Scheme II, where Ti is a carboxylic
acid as shown or an activated derivative such as an acid chloride or an
activated ester (e.g., N-hydroxysuccinimide or pentafluorophenyl esters),
and T2 is an amine or substituted amine.Amide bond coupling reagents such
as DCC, EDAC, PyBOP, and HATU may be employed with the option of adding an
amine base such as triethylamine or Hunig's base in a solvent such as DMF,
DMSO, THF, or dichloromethane. As another non-limiting example, the
compounds of the present invention can be prepared by coupling a compound
of Formula IV to a compound of Formula V as shown in Scheme III, where T1
and T2 are carboxylic acids or activated derivatives such as acid chlorides
or activated esters (e.g., Nhydroxysuccinimide or pentafluorophenyl esters)
by reaction with an amine or substituted amine as shown. Amide bond
coupling reagents such as DCC, EDAC, PyBOP, and HATU may be employed with
the option of adding an amine base such as triethylamine or Hunig's base in
a solvent such as DMF, DMSO, THF, or dichloromethane. Couplings may be
conducted concurrently to give symmetric products or sequentially to give
non-symmetric products. RB and RB are as defined hereinabove, and -C(O)N(R
B)-T'-N(R B )C(O)- is T.Scheme III As yet another non-limiting example, the
compounds of the present invention can be prepared by coupling a compound
of Formula IV to a compound of Formula V as shown in Scheme IV, where Ti
and T2 are independently boronic acids or esters as shown by reaction with
heterocyclic or carbocyclic halides (iodide shown in Scheme IV) or
triflates and a transition metal catalyst. T' is a heterocyclic or
carbocyclic, and R can be, without limitation, independently selected at
each occurrence from hydrogen or LA, and LA is as defined hereinabove.
Alternatively, alkyl stannanes (such a tributyl- or trimethylstannanes) may
be employed in place of the boronates and coupled with halides or triflates
under analogous conditions. Pd catalysts such as Pd(PPh3)4 or
Pd(dppf)Cl2may be employed or generated in situ using a Pd (II) catalyst
such Pd(OAc)2 or Pd2(dba)3 and organophosphorous ligands, such as PPh3 or
P(t-Bu)3. Reactions may be conducted with addition of a base such K2CO3 or
K3PO4 in a solvent such as THF or DMF. Couplings may be conducted
concurrently to give symmetric products or sequentially to give
non-symmetric products. Scheme IVAs still another non-limiting example, the
compounds of the present invention can be prepared by coupling a compound
of Formula IV to a compound of Formula V as shown in Scheme V, where T1 and
T2 are halides (iodide as shown) by reaction with an alkyne, where R may be
trimethylsilyl (TMS) or another suitable protecting group, by Sonogashira
reaction using a suitable catalyst. Pd catalysts such as Pd(PPh3)4 or
Pd(dppf)Cl2 may be employed or generated in situ using a Pd (II) catalyst
such Pd(OAc)2 or Pd2(dba)3 and organophosphorous ligands, such as PPh3 or
P(t-Bu)3. Alternatively, a Cu (I) catalyst may be employed, such as Cu (I)
iodide. Reactions may be conducted with addition of a base such K2CO3 or
K3PO or an amine base such as triethylamine or Hunig's base in a solvent
such as THF or DMF. The TMS protecting group may be removed using a base
such as K2CO3 in a solvent such as methanol or THF. A second Sonogashira
reaction with V may be conducted under the analogous conditions to the
first coupling. Couplings may be conducted concurrently to give symmetric
products or sequentially to give non-symmetric products. Scheme V 



As a further non-limiting example, the compounds of the present invention
can be prepared by coupling a compound of Formula IV to a compound of
Formula V as shown in Scheme VI. Formula IV and V are both aldehydes, and
can be reacted with an amine to form Formula VI (step 1) by reductive
amination using a suitable reducing agent such as NaCNBH3 or NaBH(OAc)3, in
a solvent such as THF or ethanol with or without the addition of acetic
acid. R may be, without limitation, C1-C6alkyl such as tert-buyl or
isopropyl, C6-Ciocarbocycle such as phenyl, or 6- to 10- membered
heterocycle. Alternatively, R may be a protecting group, such as benzyl or
2,4-dimethoxy benzyl, which may be removed from VI using hydrogenolysis or
by treatment with an acid, such as TFA or HCl. Alternatively, V may contain
an alkyl halide, such as the bromide shown, and reacted with the product of
reductive amination (step 2) of aldehyde IV with the amine to form VI (step
3). The alkylation using halide V may be conducted in the presence of a
base, such as NaH, NaOH,Hunig's base, or NaHMDS in a solvent such as THF or
DMF. The halide and nitro substituted compounds VI may be reacted with
alkyl, aryl, or heteroaryl alcohols, thiols, phenols, or thiophenols using
a base such as K2CO3 or Hunig's base in a solvent such as THF or DMF. Nitro
groups may be reduced to amino groups, using Pd or Raney Ni catalyzed
hydrogenation or using Fe in the presence of NH4Cl, HCl, or acetic acid,
and further functionalized to compounds I using the processes described in
U.S. Patent Application Publication Nos. 20070232627, 20070197558 and
20070232645, and WO2008/133753. T is -CH2-N(R)-CH2- or -CH2-NH-CH2-. Vl
Scheme VI In addition, the compounds of Formula I can be directly prepared
from or an activated derivative thereof. For example, the compounds of the
present invention can be prepared from a compound of Formula VI as shown in
Scheme VII, which can be prepared through Schemes I-V by substituting
chloro and nitro for IV and V. The halide and nitro substituted compounds
VI may be reacted with alkyl, aryl, or heteroaryl alcohols, thiols,
phenols, or thiophenols using a base such as K2Cq 3 or Hunig's base in a
solvent such as THF or DMF. Nitro groups may be reduced to amino groups,
using Pd or Raney Ni catalyzed hydrogenation or using Fe in the presence of
NH4Cl, HCl, or acetic acid, and further functionalized to compounds I using
the processes described in U.S. Patent Application Publication Nos.
20070232627, 20070197558 and 20070232645, and WO2008/133753.Scheme VII The
compounds having Formulae II and III can be similarly prepared according to
the above schemes, as appreciated by those skilled in the art. If a moiety
described herein (e.g., -NH2 or -OH) is not compatible with the synthetic
methods, the moiety may be protected with a suitable protecting group that
is stable to the reaction conditions used in the methods. The protecting
group may be removed at a suitable point in the reaction sequence to
provide a desired intermediate or target compound. Suitable protecting
groups and methods for protecting or deprotecting moieties are well know in
the art, examples of which can be found in Greene and Wuts, supra. Optimum
reaction conditions and reaction times for each individual step may vary
depending on the particular reactants employed and substituents present in
the reactants used. Solvents, temperatures and other reaction conditions
may be readily selected by one of ordinary skill in the art based on the
present invention. It should be understood that the above-described
embodiments and schemes and the following examples are given by way of
illustration, not limitation. Various changes and modifications within the
scope of the present invention will become apparent to those skilled in the
art from the present description. Example 1
4-(4-aminophenylthio)-N'-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]
pyrimidin-4-
ylamino)benzoyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzohydraz
ideExample IA 4-(4-Amino-phenylsulfanyl)-3-nitro-benzoic acid methyl ester
A mixture of 4-chloro-3-nitrobenzoic acid methyl ester (15.0 g, 68 mmol),
4-aminothiophenol (8.8 g, 68 mmol) and K2CO, ( 11.8 g, 85 mmol) in DMF (150
mL) was heated at 90 C for 1.5 hours, cooled to room temperature, and then
poured into H2O (450 mL) under stirring. The aqueous mixture was extracted
with ethyl acetate (400 mL). The extract was washed with H2O (3 times) and
brine, dried over MgSO4, and evaporated to give the crude product as orange
crystal. The crude product was suspended in 150 mL of /-Pr2O and stirred at
room temperature for 1 hour. The crystal was collected 



by filtration, washed with /-Pr2O and dried at 60 C for 3 days under
reduced pressure gave purified title compound as orange crystal (18.6 g,
90% yield). Example IB
4-(4-fert-Butoxycarbonylamino-phenylsulfanyl)-3-nitro-benzoic acid methyl
ester A solution of the product from Example IA (18.5 g, 6 1 mmol) and
di-tert-butyl dicarbonate (26.8 g, 122 mmol) in/>-dioxane (280 mL) was
heated at 90 C for 3 hours. An additional di-tertbutyl dicarbonate (26.8 g,
122 mmol) was added and the mixture was heated at 90 C for 3 hours. Asecond
additional di-tert-butyl dicarbonate (13.4 g, 6 1 mmol) was added and the
mixture was heated at 90 C for 4 hours. The reaction mixture was cooled to
room temperature, and then evaporated. The residue was diluted with /-Pr2O
(250 mL) and the mixture was stirred at room temperature for 1 hour. The
resulting crystal was collected by filtration, washed with /-Pr2O and dried
at 60 C overnight under reduced pressure gave the title compound as yellow
crystal (22.8 g, 93% yield). Example 1C
3-Amino-4-(4-tert-butoxycarbonylamino-phenylsulfanyl)-benzoic acid methyl
ester A suspension of the product from Example IB (22.8 g, 56 mmol), Fe
powder (16.4 g, 282 mmol) and NH4Cl (15.1 g, 282 mmol) in aqueous EtOH
[prepared from EtOH (228 mL) and H2q (228 mL)] was gradually heated to
reflux and gently refluxed for 2 hours. The reaction mixture was cooled to
room temperature and filtered through celite pad. The filtrate was
evaporated. The aqueous residue was portioned between Ethyl acetate and H2q
, made basic to pH 9 with K2CO , and then filtered through celite pad. The
organic layer was separated, washed with H2O and brine, dried over MgSO4
and evaporated. The oily residue was crystallized in the treatment with
/-Pr2O (200 mL) and stirred at room temperature for 30 minutes. The
resulting crystal was collected by filtration, washed with /-Pr2O and dried
at 60 C overnight under reduced pressure gave the title compound as
colorless crystal (13.9 g, 66% yield). Example ID 4-(4- r
-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyrido[2,3- i
]pyrimidin-4-ylamino)- benzoic acid methyl ester A suspension of
N'-(3-cyano-6-isopropyl-pyridin-2-yl)-N,N-dimethyl-formamidine (2.00 g, 9.3
mmol) and the product from Example 1C (3.46 g, 9.3 mmol) in AcOH (40 mL)
was heated at 120 C for 20 minutes under N2. After cooling to room
temperature, the reaction mixture was portionedbetween ethyl acetate (150
mL) and H2O (200 mL), and then made basic to pH 9 with K2CO under stirring.
The organic layer was separated, washed with 10% NaHCO , H2O and brine,
dried over MgSO4, and evaporated to give a pale brown oil. The oily residue
was separated by silica gel column chromatography (ethyl acetate/n-hexane =
5/1) gave yellow crystal. Further purification by washing with cold ethyl
acetate (15 mL) gave the title compound as slightly yellow crystal (3.27 g,
65% yield). Example IE 4-(4- r
-Butoxycarbonylamino-phenylsulfanyl)-3-(7-isopropyl-pyri do[2,3- i ]pyri
midin-4-ylamino)- benzoic acid To a solution of the product from Example ID
(3.25 g, 6.0 mmol) in THF (32.5 mL) was added aqueous LiOH [prepared from
LiOH monohydrate (1.02 g, 24 mmol) and H2O (10 mL)] dropwise at room
temperature. The mixture was stirred at room temperature for 26 hours, and
then evaporated. The aqueous mixture was diluted with 100 mL of H2O, washed
with ethyl acetate (50 mL), and then carefully acidified to pH 4-5 with 10%
HCl at 5 C under stirring. The resulting solid was collected by filtration,
washed with H2O, and dried at 60 C overnight under reduced pressure gave
the title compound as pale yellow crystal (3.09 g, 98% yield). Example IF
tert-butyl 4,4'-(4,4'-(hydrazine-
1,2-diylbis(oxomethylene))bis(2-(7-isopropylpyrido[2,3-d]pyrimidin-
4-ylamino)-4, 1-phenylene))bis(sulfanediyl)bis(4, 1-phenylene)dicarbamateTo
a solution of the product from Example IE (106 mg, 0.200 mmol) in DMSO (1.0
mL) at room temperature were added Hunig's base (87 ml, 0.499 mmol),
hydrazine hydrate (5.0 mg, 0.100 mmol), and HATU ( 118 mg, 0.310 mmol) and
the reaction was stirred at room temperature overnight. Diluted with water
and isolated the solid by filtration. Purification by chromatography on
silica gel eluting with 0-10% methanol in dichloromethane gave the title
compound (50 mg, 47% yield). Example IG
4-(4-aminophenylthio)-N'-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]
pyrimidin-4-
ylamino)benzoyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzohydraz
ide The product from Example IF (50 mg, 0.047 mmol) was dissolved in THF
(1.0 mL) and 4 M 



HCl in dioxane (0.5 m) was added and the reaction was stirred at room
temperature overnight. Collected product by filtration, dissolved in
methanol and added to NaHC q 3 solution, and extracted with ethyl acetate.
Dried over MgSO t, filtered and evaporated. Purification by chromatography
on silica gel eluting with 0- 10% methanol in dichloromethane gave the
title compound as a yellow solid (6 mg, 15% yield). 1H NMR (300 MHz,
DMSO-D6) d ppm 1.33 (d, J=6.99 Hz, 12 H) 3.16 - 3.29 (m, 2 H) 5.60 (s, 4 H)
6.63 (d, J=8.46 Hz, 4 H) 6.84 (d, J=8.09 Hz, 2 H) 7.14 (d, J=8.46 Hz, 4 H)
7.63 (d, J=8.46 Hz, 2 H) 7.73 (d, J=8.46 Hz, 2 H) 7.87 (s, 2 H) 8.58 (s, 2
H) 8.87 (d, J=8.46 Hz, 2 H) 10.13 (s, 2 H) 10.45 (s, 2 H). MS (ESI) m/z 859
(M + H)+. Example 2
4-(4-aminophenylthio)-N-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]p
yrimidin-4-
ylamino)phenyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide
Example 2A tert-butyl
4-(4-amino-2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phenylthio)phenyl
carbamateTo a solution of the product from Example IE (0.5 g, 0.941 mmol)
in DMSO (5.0 mL) at room temperature were added Hunig's base (0.493 ml,
2.82 mmol), sodium azide (0.153 g, 2.351 mmol), and HATU (0.465 g, 1.223
mmol) and the reaction was stirred at room temperature for 1 hour. The
reaction was diluted with ethyl acetate and washed with water and brine.
The organic was dried over MgSO t, filtered and concentrated. The crude
product was used without further purification. A solution of the product
from the first step (0.524 g, 0.941 mmol) in toluene (50 ml) was stirred at
100 C for 30 minutes. The reaction was cooled and 2-(trimethylsilyl)ethanol
(1.349 ml, 9.41 mmol) was added and the mixture was heated at 50 C for 1.5
hours. The reaction was cooled and evaporated. The crude product used
without further purification. To a solution of the crude product from the
second step in THF (9.41 ml) at room temperature was added TBAF (4.71 ml,
4.71 mmol) and the reaction was stirred at room temperature for 5 hours.
The reaction was diluted with ethyl acetate and washed with water, and
brine. The organic was dried over MgSO t, filtered and concentrated. The
product was purified by chromatography on silica gel eluting with a
gradient starting with dichloromethane and ending with ethyl acetate gave
the title compound as a yellow solid (340 mg, 72% yield). Example 2B
4-(4-(tert-butoxycarbonylamino)phenylthio)-N-(4-(4-(tert-butoxycarbonylamin
o)phenylthio)-3-(7-
isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phenyl)-3-(7-isopropylpyrido[2,3-
d]pyrimidin-4- ylamino)benzamide To a solution of the product from Example
IE (50 mg, 0.094 mmol) in DMSO (0.5 mL) at room temperature were added
Hunig's base (49.3 ml, 0.282 mmol), the product from Example 2A (47.3 mg,
0.094 mmol), and HATU (42.9 mg, 0.1 13 mmol) and the reaction was stirred
at roomtemperature overnight. The reaction was diluted with ethyl acetate
and washed with water. The organic was dried over MgSO , filtered and
concentrated. The crude product was used without further purification.
Example 2C
4-(4-aminophenylthio)-N-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]p
yrimidin-4-
ylamino)phenyl)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide To
a solution of Reactant 1 (96 mg, 0.094 mmol) in Dichloromethane (2 ml) at
rt was added TFA (2 ml) and the reaction was stirred at rt for 30 minutes.
The reaction was evaporated. The crude product was added to a reverse phase
column and was eluted with a gradient starting with 5% acetonitrile in
water (0.1% TFA) and ending with 75% acetonitrile in water (0.1% TFA). Most
of the solvent was evaporated. Extracted with ethyl acetate and washed with
saturated NaHCO 3. Dry MgSO4, filtered, evaporated and concentrated to give
the title compound (15.7 mg, 20% yield). 1H NMR (300 MHz, DMSO-D6) d ppm
1.33 (d, J=6.62 Hz, 12 H) 3.12 - 3.27 (m, 2 H) 5.43 (s, 2 H) 5.59 (s, 2 H)
6.54 (d, J=8.46 Hz, 2 H) 6.63 (d, J=8.82 Hz, 2 H) 6.87 (d, J=8.46 Hz, 1 H)
6.92 (d, J=8.82 Hz, 1 H) 7.06 (d, J=8.46 Hz, 2 H) 7.13 (d, J=8.46 Hz, 2 H)
7.52 - 7.66 (m, 3 H) 7.78 (d, J=8.09 Hz, 1 H) 7.88 (d, J=2.21 Hz, 1 H) 7.94
(s, 1 H) 8.55 (s, 1 H) 8.58 (s, 1 H) 8.84 (d, J=8.82 Hz, 1H) 8.87 (d,
J=8.46 Hz, 1H) 10.04 (s, 1H) 10.16 (s, 1H) 10.27 (s, 1 H). MS (ESI) m/z 816
(M + H)+. Example 3
1,3-bis(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamin
o)phenyl)urea Example 3A 



tert-butyl
4,4'-(4,4'-carbonylbis(azanediyl)bis(2-(7-isopropylpyrido[2,3-d]pyrimidin-4
-ylamino)-4,lphenylene)) bis(sulfanediyl)bis(4, 1-phenylene)dicarbamateTo a
solution of the product from Example IE (0.05 g, 0.094 mmol) in DMSO (0.5
mL) at room temperature were added Hunig's base (0.049 ml, 0.282 mmol),
sodium azide (0.015 g, 0.235 mmol), and HATU (0.046 g, 0.122 mmol) and the
reaction was stirred at room temperature for 1 hour. The reaction was
diluted with ethyl acetate and washed with water (2X) and brine. The
organic was dried over MgSO4, filtered and concentrated. The crude product
was used without further purification. A solution of the product from the
first step (0.052 g, 0.094 mmol) in toluene (4.70 ml) was stirred at 100 C
for 30 minutes. The reaction was cooled and evaporated. THF ( 1 mL) and the
product from Example 2A (0.047 g, 0.094 mmol) were added and the mixture
was heated at 50 C for 1.5 hours. The reaction was cooled and evaporated to
give the title compound which was used without further purification.
Example 3B
1,3-bis(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamin
o)phenyl)urea To a solution of the product from Example 3A (97 mg, 0.094
mmol) in dichloromethane ( 1 mL) at room temperature was added TFA ( 1 mL)
and the reaction was stirred at room temperature for 30 minutes. The
reaction was evaporated. Purification by reverse phase (Cl 8)
chromatography eluting with a gradient starting with 95:5 water (0.1%
TFA):acetonitrile and ending with 1:1 water (0.1% TFA):acetonitrile. Most
of the solvent was evaporated. Extracted with ethyl acetate and washed with
saturated NaHC q 3. Dry MgSO t, filtered, evaporated and concentrated to
give the title compound (35.5 mg, 45% yield). 1H NMR (300 MHz, DMSO-D6) d
ppm 1.33 (d, J=6.99 Hz, 6 H) 3.13 - 3.29 (m, 1 H) 5.38 (s, 2 H) 6.51 (d,
J=8.46 Hz, 2 H) 6.94 (d, J=8.46 Hz, 1 H) 7.03 (d, J=8.46 Hz, 2 H) 7.23 (dd,
J=8.82, 2.21 Hz, 1 H) 7.60 (d, J=8.82 Hz, 1 H) 7.66 (d, J=2.21 Hz, 1 H)
8.55 (s, 1 H) 8.74 - 8.92 (m, 2 H) 9.97 (s, 1 H). MS (ESI) m/z 831 (M +
H)+. Example 4
4,4"-(4-amino-phenylsulfanyl)-N*3*,N*3"*-(7-isopropylpyrido[2,3-d]pyrimidin
-4-yl)- [l,l';4',l"]terphenyl-3,3"-diamineExample 4A
4,4"-Dichloro-3,3"-dinitro-[l,l';4',l"]terphenyl 1,4-diiodobenzene (200 mg,
0.606 mmol), 4-chloro-3-nitrophenylboronic acid (256 mg, 1.273 mmol), and
Pd(PPh3)4 (35 mg, 0.03 mmol), were added to a flask followed by Na2CO3 (321
mg, 3.03 mmol). DMF (6.0 mL) and water (1.0 mL) were added and the mixture
was bubbled with N2 for ten minutes. Heated solution to 110 C for 30 min in
a microwave reactor. A large amount of precipitate formed. Water and
dichloromethane were added and the mixture was extracted with
dichloromethane. Dried over MgSO , filtered and concentrated to give the
title compound as a light brown solid. (250 mg), which was used without
further purification. Example 4B
4,4"-(4-amino-phenylsulfanyl)-3,3"-dinitro-[l ,1';4', 1"Jterphenyl To a
solution of the product from Example 4A (250 mg, 0.642 mmol) in DMF (3.0
mL) were added 4-aminobenzenethiol (161 mg, 1.285 mmol) and potassium
carbonate (266 mg, 1.927 mmol) and the mixture was heated to 90 C for 1.5
hours and then stirred at room temperature overnight. The mixture was
extracted with dichloromethane and washed with water. A precipitate formed
in the dichloromethane extract solution and this brown solid was collected
by filtration and air dried to provide the title compound (90 mg, 25%
yield).Example 4C
4,4"-(4-tert-butoxycarbonylamino-phenylsulfanyl)-3,3"-dinitro-[ 1, 1';4',
1"Jterphenyl Boc HBoc The product from Example 4B (75 mg, 0.132 mmol) was
suspended in dioxane (4.0 mL) and di-tert-butyl dicarbonate was added (100
mg, 0.457 mmol) and the mixture was heated to 90 C. After 2 hours, more
di-tert-butyl dicarbonate (190 mg, 0.867 mmol) was added and the mixture
was heated at 90 C overnight. The reaction was evaporated to give the title
compound as a brown semi-solid, which was used without further
purification. Example 4D 4,4"-(4-tert-butoxycarbonylamino-phenylsulfanyl)-
[1,1 ';4', 1"]terphenyl-3,3"-diamine Bo 



HBoc To a suspension of the product from Example 4C (100 mg, 0.130 mmol) in
THF (2.0 mL), EtOH (2.0 mL), and water (0.6 mL) mixture were added Fe (72.8
mg, 1.304 mmol) and ammonium chloride (34.9 mg, 0.652 mmol) and the mixture
was heated at 90 C for 1.5 hours. DMF was added and the mixture was heated
to 50-60 C and the mixture was filtered and solids were rinsed with warm
DMF. Then DMF filtrate was evaporated to a brown semi-solid. The solid was
extracted with ethyl acetate and washed with water. Dried over MgSO t,
filtered and evaporated to yield the title compound as a brown solid (90
mg) and the product was used without further purification. Example 4E
4,4"-(4-tert-butoxycarbonylamino-phenylsulfanyl)-N*3*,N*3"*-(7-isopropylpyr
ido[2,3-d]pyrimidin- 4-yl)- [1,1';4', 1"]terphenyl-3 ,3"-diamineTo a
suspension of the product from Example 4D (80 mg, 0.1 13 mmol) in AcOH (3.0
mL) was added
(E)-N'-(3-cyano-6-isopropylpyridin-2-yl)-N,N-dimethylformimidamide (53.8
mg, 0.249 mmol) and the mixture was placed into a preheated oil bath at 120
C for 15 minutes. The reaction was cooled and the mixture was extracted
with dichloromethane and washed with saturated Na2COs. Dried over MgSO t,
filtered and evaporated to yield the title compound as a brown solid (110
mg) and the product was used without further purification. Example 4F
4,4"-(4-amino-phenylsulfanyl)-N*3*,N*3"*-(7-isopropylpyrido[2,3-d]pyrimidin
-4-yl)- [l,l';4',l"]terphenyl-3,3"-diamine The product of Example 4E ( 110
mg, 0.105 mmol) was dissolved in dichloromethane (0.3 mL) and TFA (2.7 mL)
and the solution was stirred at room temperature for 30 minutes. The
solvent was evaporated and the residue was extracted with 30% MeOH in
dichloromethane and washed with IN Na2COs. Dried over MgSO t, filtered and
evaporated. Purification by chromatography on silica gel eluting with 0-10%
MeOH in dichloromethane gave the title compound as a light yellow solid (22
mg, 25% yield). 1H NMR (300MHz, DMSO-d6) : d 10.10 (s, 2H), 8.88 (d, J=8.1
Hz, 2H), 8.56 (s, 2H), 7.78 (m, 2H), 7.73 (s, 4H), 7.61 (m, 4H), 7.14 (d,
J=8.5 Hz, 4H), 6.91 (d, J=7.7Hz, 2H), 6.61 (d, J=8.2 Hz, 4H), 5.53 (s, 4H),
3.20 (m, 2H), 1.34 (d, J=7.0 Hz, 12H). MS (ESI) m/z 849 (M+H)+.Example 5
N,N'-(ethane-1,2-diyl)bis(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]
pyrimidin-4- Example 5A tert-butyl
4,4'-(4,4'-(ethane-1,2-diylbis(azanediyl))bis(oxomethylene)bis(2-(7-isoprop
ylpyrido[2,3- d]pyrimidin-4-ylamino)-4, 1-phenylene))bis(sulfanediyl)bis(4,
1-phenylene)dicarbamate To a solution of the product from Example IE (50
mg, 0.094 mmol) in DMSO (2.0 mL) were added ethylenediamine (6.4 mL, 0.095
mmol), HATU (39.5 mg, 0.104 mmol), Hunigs base (50 mL, 0.282 mmol), and the
mixture was stirred at room temperature until the starting material was
consumed. Additional product from Example IE (50 mg, 0.094 mmol), HATU
(39.5 mg, 0.104 mmol), and Hunigs base (50 mL, 0.282 mmol) were added and
the reaction was stirred for 2 hours. The reaction was diluted with ethyl
acetate and washed with HCl (aq. IM). Dried over Na2SOz , filtered and
evaporated. Purification by chromatography on silica gel eluting with (4%
to 7% methanol in dichloromethane) gave the title compound (100 mg, 91%
yield) as a light yellow solid. 1H NMR (500 MHz, DMSO-D6) d ppm 1.32 (d,
J=6.87 Hz, 12 H) 1.46 (s, 18 H) 3.39 (s, 4 H) 6.94 (d, J=8.09 Hz, 2 H) 7.30
(d, J=8.70 Hz, 4 H) 7.48 (d, J=8.54 Hz, 4 H) 7.59 (d, J=8.09 Hz, 2 H) 7.66
(d, J=8.09 Hz, 2 H) 7.84 (s, 2 H) 8.54 (s, 2 H) 8.56 (s, 2 H) 8.81 (d,
J=8.39 Hz, 2 H) 9.53 (s, 2 H) 10.12 (s, 2 H). MS (ESI) m/z 1088 (M + H)+.
Example
5BN,N'-(ethane-1,2-diyl)bis(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-
d]pyrimidin-4- ylamino)benzamide) The product from Example 5A was dissolve
in dichloromethane (2.0 mL) and TFA (2.0 mL) and the mixture was stirred at
room temperature for 1 hour. The solvent was evaporated and NH4OH was added
and the mixture was evaporated to dryness. Purification by prep TLC (10%
methanol in dichloromethane) gave the title compound (28 mg, 36% yield) as
a yellow solid. 1H NMR (300 MHz, DMSO-D6) d ppm 1.32 (d, J=6.99 Hz, 12 H)
5.55 (s, 4 H) 6.60 (d, J=8.46 Hz, 4 H) 6.75 (d, J=8.09 Hz, 2 H) 7.10 (d,
J=8.46 Hz, 4 H) 7.57 (s, 4 H) 7.76 (s, 2 H) 8.50 (s, 4 H) 8.80 (d, J=5.52
Hz, 2 H). MS (ESI) m/z 888 (M + H)+. Example 6
piperazine-1,4-diylbis((4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]py
rimidin-4- 



ylamino)phenyl)methanone) Example 6A tert-butyl
4-(2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-4-(piperazine- 1-
carbonyl)phenylthio)phenylcarbamate To a solution of the product from
Example IE (100 mg, 0.188 mmol) in DMSO (2.0 mL) were added piperazine (16
mg, 0.188 mmol), HATU (79 mg, 0.207 mmol) and Hunigs base (100 mL, 0.564
mmol) and the mixture was stirred at room temperature until the starting
material was consumed. Additional product from Example IE (100 mg, 0.188
mmol), HATU (79 mg, 0.212 mmol), and Hunigs base (100 mL, 0.564 mmol), were
added and the reaction was stirred for 2 hours. The reaction was diluted
with ethyl acetate and washed water. Dried over Na2SO , filtered
andevaporated. Purification by chromatography on silica gel eluting with
(10% methanol in dichloromethane) gave the title compound (150 mg) as a
yellow solid. Example 6B tert-butyl 4,4'-(4,4'-(piperazine-
1,4-diylbis(oxomethylene))bis(2-(7-isopropylpyrido[2,3-d]pyrimidin-
4-ylamino)-4, 1-phenylene))bis(sulfanediyl)bis(4, 1-phenylene)dicarbamate
To a solution of the product from Example 6A (20 mg, 0.033 mmol) in DMF
(1.0 mL) and pyridine (1.0 mL) were added EDAC (32 mg, 0.167 mmol) and the
product from Example IE (17.7 mg, 0.033 mmol) and the mixture was stirred
at room temperature overnight. The solvent was evaporated and the residue
was suspended in methanol. The solid was collected using centrifugation
gave the title compound (22 mg, 57% yield). Example 6C piperazine-
1,4-diylbis((4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-
ylamino)phenyl)methanone) The product from Example 6B was dissolved in TFA
(1.0 mL) and dichloromethane (1.0 mL) and the mixture was then allowed to
stir at room temperature for 1 hour. The solvent was evaporated and NH4OH
was added and the mixture was evaporated to dryness. Purification by
precipitation from methanol gave the title compound (12 mg, 94% yield) as a
yellow solid. 1H NMR (300 MHz, DMSOD6) d ppm 1.32 (d, J=6.62 Hz, 12 H) 3.14
- 3.24 (m, 2 H) 3.54 (s, 8 H) 5.60 (s, 4 H) 6.61 (d, J=8.46 Hz, 4 H) 6.79
(d, J=5.15 Hz, 2 H) 7.13 (d, J=8.46 Hz, 4 H) 7.23 (s, 2 H) 7.41 (s, 2 H)
7.61 (d, J=6.99 Hz, 2 H) 8.56 (s, 2 H) 8.84 (d, J=6.25 Hz, 2 H) 10.1 1 (s,
2 H). MS (ESI) m/z 914 (M + H)+. Example 7
N-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phe
nyl)-3-(7- isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamideExample 7A
methyl 3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzoate To methyl
3-aminobenzoate (0.50 g, 3.31 mmol) in acetic acid (10 mL) was added
(E)-N'-(3- cyano-6-isopropylpyridin-2-yl)-N,N-dimethylformimidamide (0.71
g, 3.31 mmol) and the mixture was stirred at 120 C for 25 minutes. Reaction
mixture was cooled to room temperature and a solid formed. Water was added
and solid was collected by filtration. Purification by chromatography on
silica gel eluting with 0-30% methanol in dichloromethane gave the title
compound (1.05 g, 98% yield). Example 7B
3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzoic acid The product
from Example 7A (1.0 g, 3.26 mmol) was dissolved in THF (12.0 mL) and water
(12.0 mL) and LiOH (390 mg, 16.29 mmol) was added and the reaction was
stirred at roomtemperature overnight. Reaction was neutralized with 1N HCl
and extracted with ethyl acetate. Dried over Na2SOz , filtered and
concentrated to give the title compound (1.5 g). Example 7C tert-butyl
4-(2-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)-4-(3-(7-isopropylpyrido[
2,3- d]pyrimidin-4-ylamino)benzamido)phenylthio)phenylcarbamate To a
solution of the product from Example 7B (25.8 mg, 0.084 mmol) in DMSO (2.0
mL) were added the product from Example 2A (40 mg, 0.084 mmol), HATU (31.8
mg, 0.084 mmol), and Hunigs base (56 mL, 0.318 mmol), and the mixture was
stirred at room temperature for 24 hours. Additional HATU (39.5 mg, 0.104
mmol), and Hunigs base (50 mL, 0.282 mmol) were added and the reaction was
stirred for 48 hours. Added more HATU (39.5 mg, 0.104 mmol) and heated at
45 C for 8 hours. Added more HATU (39.5 mg, 0.104 mmol) and stirred
overnight at room temperature. Water was added and the product was
collected by filtration. Purification by chromatography on 



silica gel eluting with (0% to 5% methanol in dichloromethane) gave the
title compound (40 mg, 63% yield). Example 7D
N-(4-(4-aminophenylthio)-3-(7-isopropylpyrido[2,3-d]pyrimidin-4-ylamino)phe
nyl)-3-(7- isopropylpyrido[2,3-d]pyrimidin-4-ylamino)benzamide The product
from Example 7C (40 mg, 0.050 mmol) was dissolved in dioxane (2.0 mL) and
4M HCl in dioxane (0.25 mL) was added. This solution was stirred at room
temperature overnight. The solid HCl salt of the product was filtered off
then dissolved in methanol and added to saturated NaHCOs. Extracted with
ethyl acetate and evaporated. Purification by chromatography on silica gel
eluting with (0% to 30% methanol in dichloromethane) gave the title
compound (13 mg, 37% yield). 1HNMR (300 MHz, DMSO-D6) d ppm 1.36 (dd,
J=6.80, 4.23 Hz, 12 H) 3.20 - 3.30 (m, 2 H) 6.57 (d, J=8.46 Hz, 2 H) 7.04 -
7.12 (m, 3 H) 7.60 - 7.70 (m, 2 H) 7.82 - 7.95 (m, 3 H) 8.00 - 8.08 (m, 2
H)8.29 (s, 1 H) 8.83 - 8.93 (m, 2 H) 9.09 (d, J=12.50 Hz, 1 H) 9.17 (d,
J=7.72 Hz, 1 H) 10.58 (s, 1 H) 11.38 (s, 1H) 11.69 (s, 1 H). MS (ESI) m/z
693 (M + H)+. Example 8 N,N'-(5,5'-(ethyne-
1,2-diyl)bis(2-(4-aminophenylthio)-5,
1-phenylene))bis(7-isopropylpyrido[2,3- d]pyrimidin-4-amine) The title
compound can be prepared by first coupling l-fluoro-4-iodo-2-nitrobenzene
with ethynyltrimethylsilane by Sonogashira reaction using a suitable
catalyst. Pd catalysts such as Pd(PPh3)4 or Pd(dppf)Cl 2 may be employed or
generated in situ using a Pd (II) catalyst such Pd(OAc)2 or Pd2(dba)3 and
organophosphorous ligands, such as PPh3 or P(t-Bu) 3. Alternatively, a Cu
(I) catalyst may be employed, such as Cu (I) iodide. Reactions may be
conducted with addition of a base such K2CO3 or K3PO4 or an amine base such
as triethylamine or Hunig's base in a solvent such as THF or DMF. The
trimethylsilyl (TMS) protecting group may be removed using a base such as
K2CO3 in a solvent such as methanol or THF to produce 4-ethynyl-
1-fluoro-2-nitrobenzene. A second Sonogashira reaction between
1-fluoro-4-iodo-2-nitrobenzene and 4-ethynyl- 1-fluoro-2-nitrobenzene may
be conducted under the analogous conditions to the first coupling to form
1,2-bis(4-fluoro-3- nitrophenyl)ethyne. Couplings may be conducted
concurrently to give symmetric products or sequentially to give
non-symmetric products. The fluoride and nitro substituted product may be
reacted with alkyl, aryl, or heteroaryl alcohols, thiols, phenols, or
thiophenols using a base such as K2CO3 or Hunig's base in a solvent such as
THF or DMF. Nitro groups may be reduced to amino groups, using Pd or Raney
Ni catalyzed hydrogenation or using Fe in the presence OfNH4Cl, HCl, or
acetic acid, and further functionalized to the title compound using the
processes described in U.S. Patent Application Publication Nos.
20070232627, 20070197558 and 20070232645, and WO2008/133753. Similarly,
1-chloro-4-iodo-2-nitrobenzene may be used as the starting material to
prepare the title compound of this Example. The following compounds were
also prepared according to the processes described herein:FLEXIBLE
MANUFACTURING SYSTFM CROSS-RHFHRENCE TO RFLA ThD APPLICATIONS 10001 1
Priority is claimed to U.S. Provisional Patent Application No. f>l
/140,339. filed December 23, 2U0S, and U.S. Prov isional Patent Application
No. 61.'227.658. filed July 22, 2009, the entire contents of each ot which
are hereby incorporated herein by reference. FIELD OF THE INVENTION [0002]
The invention relates to a flexible, multi-product, multi-technology,
expandable facility for manufacturing products, such as biologicals,
pharmaceuticals or chemicals, and manufacturing processes using elements of
such a facility. BACKGROUND |0003| Conventional manufacturing facilities
for the production of biologicals, pharmaceuticals and chemicals (e.g.,
drugs) are typically designed for a specific type of product and utilize
fixed production components and systems. Generally, different types of
technologies or products e.g. mammalian cell production of proteins, versus
mammalian cell propagation of viruses, versus bacterial protein production,
require construction o f entirely different manufacturing facilities or
manufacturing suites within a manufacturing facility. Significant amounts
of time generally are required to construct, reconfigure or upgrade a
manufacturing facility, as well as to complete a changeover 



process (e.g., cleaning) between manufacturing campaigns of similar or
different products. Some manufacturing facilities may house multiple
manufacturing suites to allow parallel manufacturing campaigns, but
limitations remain in this configuration, such as for example, the time
required to convert or modify a particular manufacturing suite for use in
manufacturing a different product (e.g., different technologies or types of
products), as well as to complete a changeover process (e.g., cleaning)
between manufacturing campaigns of similar or different products. In
addition, the potential for cross-contamination between different types of
technology or products may limit the ability to house parallel production
systems within the same facility.SUMMARY OF THE DISCLOSIiRK 10004 1 The
invention provides a manufacturing system comprising (a) a core that is
adapted to supply utilities for multiple manufacturing processes and
preferably is capable of high capacity supply, (b) and at least two, three,
four, five, six, seven, eight, nine, ten or more movable manufacturing bays
adapted to be removably coupled to the core and adapted for receiving the
utilities supplied from the core. In some embodiments, within the workspace
defined by each bay, there is a facility for performing one or more
manufacturing processes, or portions or steps of manufacturing processes,
which can optionally be performed in parallel. The facility may comprise a
plurality of components, each of which performs one or more portions or
steps of a chemical, a biological, a pharmaceutical, or some other
manufacturing process. The manufacturing system optionally includes a
plurality of clean connect areas positioned adjacent to the manufacturing
bays when connected to the core for controlling access to the manufacturing
bays and/or providing a clean area for making the utility connections
between the core and the manufacturing bays. The manufacturing system
further optionally includes a plurality of upper docking collars positioned
above the bays when connected to the core for supplying one or more
utilities to the bays (e.g., under the force of gravity). The manufacturing
system optionally comprises one, two, or more holding areas where a movable
bay can be cleaned, and where optionally the configuration of components
that perform the manufacturing process, or portions or steps of
manufacturing processes, can be reconfigured. The manufacturing system
optionally comprises a drain, adapted to be removably connected to the one
or more movable manufacturing bays, for discharging waste generated during
a manufacturing process. The drain for discharging waste is preferably
isolated from the core, so as to avoid contamination of the core. 10005]
The invention also provides methods of manufacturing products that utilize
one or more of the components of such a manufacturing system. The systems
and methods of the invention provide a number of benefits, including
flexibility and the ability to reduce the time and cost of reconfiguring
manufacturing from one technology and/or product to a different technology
and/or product (e.g., bacterial host cells, yeast/fungal host cells,insect
host cells, mammalian host cells producing protein, mammalian host cells
producing virus, plant cells or algae), and/or upgrading to newer, more
efficient technology, and/or changing production capacity (increasing or
decreasing production) or batch si/c (e.g., 100 L to 2750 L, 5,00OL to
20,000 L or vice versa), and/or decreasing the changeover time from a first
batch production run to a second batch production run, which may be of the
same or a different type of production run as the first production run,
and- or changing from manufacturing suitable for prc-clinical purposes
(GLP. or Good Laboratory Practice) to manufacturing suitable for FDA or
other government regulatory agency approved therapeutics (GMP, or Good
Manufacturing Practice), or vice versa. 10006) In addition, the systems and
methods of the invention provide the advantage of efficiently operating the
manufacturing system at full capacity with all available manufacturing bays
operating. For example, manufacturing processes utilizing different
technologies can each be performed in parallel, and/or GLP and G VIP
manufacturing can be performed in parallel, and/or small scale (e.g.,
teaching or pilot scale) and large scale manufacturing can be performed in
parallel, e.g. by operating multiple manufacturing bays that have different
configurations. The systems and methods offer the additional benefit of
permitting ready expansion from low production capacity to higher
production 



capacity by adding more similar or identical bays. Down time is minimized,
particularly by utilizing the holding area to prepare manufacturing bays,
because production can be switched from one product to another almost
immediately by disconnecting one bay from the core and reconnecting a
second bay to the core. For example, the manufacturing system can
manufacture one product for a period of time (e.g., 1, 2, 3 weeks, 1, 2, 3,
4, 5 6, 7, 8, 9, 10, 11 or 12 months), and a second product for the next
period of time (e.g., 1, 2, 3 weeks, 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11 or 12
months), and a third product for the third period of time. As one example,
the manufacturing system can manufacture one product for one month, and a
second product for the next month. As another example, the manufacturing
system can manufacture one product for two months, a second product for the
next month, and a third product for the next two months, and so on in any
combination of time periods and products. Alternatively, the fust, second
and third products can be manufactured simultaneously. Alternatively or in
addition, the manufacturing system may be used for the manufacturing of a
batch of a first product in afirst buy, followed by disconnecting the first
bay from the core and connecting a second buy to the core, wherein the
second bay may be used for the manufacturing of abatch of the first product
or a second product. The second bay lhen may be disconnected from the core
and a third bay or the first bay connected for the manufacturing of a batch
o f the first product, the second product or a third product. Batch
manufacturing may be repeated in this manner for any desired period of time
and/or combination of products. Similarly, the same configurations and
methods apply where the first, second, third or more manufacturing
processes referenced herein are portions or steps of an overall
manufacturing process to produce a final product or intermediate product
(e.g. where the first product, second product or third product are
intermediate products, or intermediate stages of manufacture, produced en
route to the final pharmaceutical product). In such embodiments, the
intermediate products may be readily transferred from a first bay to a
second bay, e.g. via a transfer panel (e.g., transfer conduit, transfer
junction, transfer cabinet, transfer chamber, etc.) or corridor (e.g.,
controlled corridor). This ability to switch quickly from one product to
another, to manufacture multiple products simultaneously, or to repeatedly
manufacture the same products at a faster rate allows manufacturers to keep
up with product demand and also permits the novel concept of justin- time
manufacturing for therapeutics. |0007] The manufacturing system and methods
of the invention offer the added advantage of providing secure and
controlled employee access to multiple distinct and potentially proprietary
technologies. In a single manufacturing system, each manufacturing bay can
have a separate access and separate security system, such that different
companies could own or otherwise arrange for use of (e.g., lease) different
bays and permit only their authorized employees to access the company's
proprietary technologies. In some embodiments, the core and at least one
manufacturing bay have different personnel with no cross contact. BRIEF
DESCRIPTION OF THE DRAWINGS [0008] Figure 1 is a plan view of one
embodiment of a manufacturing system of the invention;|()0()9| Figure 2 is
a side view of llie manufacturing system of Figure 1 including an optional
drain and waste receptacle; [0OtOj Figure 3 is a plan view o f another
embodiment of a manufacturing system of the invention: (00 111 Figure 4 is
u plan view o f another embodiment of a manufacturing system of the
invention; [0012) Figure 5 is a plan view o f another embodiment o f a
manufacturing system of the invention; [0013| Figure 6 is a side vievv of
an optional upper docking collar; and [0014] Figure 7 is a pian view of
another embodiment of a manufacturing system of the invention. DE TAlLbD
DESCRIPTION |0015) With reference to Figures 1 and 2, some embodiments of
the manufacturing 



system 10 of the present disclosure comprise a core 12 and a plurality of
movable manufacturing bays 14 disposed within an optional housing 16, as
will be described in further detail below. In the embodiment depicted in
Figure I, the system 10 includes first through sixth movable manufacturing
bays 14a- 14f. The bays 14 can be constructed of generally any material and
are generally box-shaped in the currently disclosed embodiment. Other
shapes are also intended to be within the scope of the invention. The bays
may be of a variety of sizes suitable for the intended manufacturing use,
provided the bays are of sufficient size and configuration to permit one or
more personnel to occupy the bay in order to perform a manufacturing
process, or portions or steps of manufacturing processes, and provided the
bays are of a si/.e that is movable, such as for example, by one or more
means of movement as provided herein. The term "bay" used throughout the
present disclosure is merely an exemplary term, and meant to include
generally any free-standing structure that is disposed outside of (e.g.,
separate from) the core 12, movable relative to the core 12, and defining
an enclosed or partly enclosed space for performing a task or a group of
tasks. Preferably, a bay is of appropriate si/e and configuration for one
or more personnel to enter and perform a task or a group oftasks (e.g.,
manufacturing processes, portion or steps of a manufacturing process). Ls
such, persons having ordinary skill in the art would understand that
similar structures can alternatively be referred to as modules, suites,
trailers, mobile units, pods, buildings, etc., or generally any other term
that can be used to describe a movable structure defining an enclosed
workspace as described herein. [0016] The core 12, which can optionally
comprise a "clean core," supplies two or more, or three or more utilities,
for example, to the manufacturing bays 14, herein at least two or three o f
the two or more or three or more utilities are selected from the group
consisting of (a) clean air, (b) clean water, (c) electricity, (d) oxygen,
and (e) carbon dioxide. In an alternative embodiment, the three or more
utilities can be selected from the group consisting of (a) air, (b) water,
(c) electricity, (d) oxygen, and (e) carbon dioxide. In another alternative
embodiment, the three or more utilities can be selected from the group
consisting of (a) clean air, (b) sterile water, (c) electricity, (d) oxygen
and (e) carbon dioxide. In yet another embodiment, the three or more
utilities can be selected from the group consisting of (a) air, (b) sterile
water, (c) electricity, (d) oxygen, and (c) carbon dioxide. The term "core"
used throughout the present disclosure includes any free-standing building
portion of a building or other structure disposed entirely separate from
the bays 14 such that the core 12 can be sealed from the bays 14 and the
bays 14 can be sealed from the core 12. Moreover, the position or location
of the "core" relative to the bays 14 is not limited to any of the
positions or locations described herein, but rather, can include any
building, portion of a building, or structure positioned relative to any of
the other system components including the bays 14. As such, the tepn "core"
is not limited to being located in the center of the system or in any other
location. Moreover, as mentioned above, the bays 14 are disposed outside of
the core 12, and therefore, the core 12 does not accommodate, surround, or
otherwise contain the bays 14. [001 7 "Clean water," as used herein, can
include, for example, filtered water, dei anized water, sterile water,
distilled water, purified water (e.g., USP purified water, EP purified
water), water for injection (e.g.. USP WFI, EP WFI), USP sterile water for
injection, USP sterile water for inhalation, USP bactepostatic water for
injection, USP sterile water for irrigation, or highly purified water
(e.g., EP HPW). The USP designationmeans that the water is the subject o l'
an official monograph in the current US PHARMACOPEIA with various
specifications for each type. Similarly, the EP designation means that the
water is the subject of standards of the European Pharmacopoeia for water
quality in drug manufacturing processes. [00I8J "Clean air," as used
herein, can be defined by one of two standards used to test and calegori/e
the class o f air. These two standards include the United States Federal
Standard 2O9E and the International Standard ISO 14644- 1. Both standards
define tonus, identify procedures for collecting and testing the air, and
provide the statistical analysis required to interpret the data. Federal
Standard 209E classifications of air include Class 1, Class 10, Class 100,
Class 1,000, Class 10,000, and Class 100,000. The class number 



(e.g., 100) is the maximum allowable number of particles 0.5 microns and
larger per cubic foot of air; the lower the number, the cleaner the air.
The ISO classifications are rated as ISO Class I, ISO Class 2, ISO Class 3,
etc. through ISO Class 9. Class 1 under both standards indicates the
cleanest, ultrapure air. The ISO Class 2 correlates most closely to Federal
Standard Class 100. Therefore, in accordance with the present application,
"clean air" can include, for example, any air classified in the range of
classes from class IOO to class 100,000 under US Federal Standard 209E and,
in one embodiment, in the range of classes from class 10,000 to class
100,000 under US Federal Standard 209E. [0019] Further utilities that can
be supplied from the core 12 include, for example, (a) clean air, (b)
atmospheric air, (c) sterile water, (d) non-sterile water; (e) electricity,
(f) a liquid coolant; (g) oxygen, (h) carbon dioxide, (i) nitrogen, (j)
argon, (k) helium, (1) purified water (e.g., USP PWS, USP WFI), (m) steam,
(n) clean air (e.g., filtered air), (o) communications (e.g., telephone,
data, local area network), (p) non-potable water, (q) potable (i.e.,
drinkable) water, (r) tap water, (s) well water, and (t) a liquid solution
useful in a manufacturing process (e.g., a nutritional media, a dilution
buffer, and/or a purification media). [0020] In one embodiment, the core 12
can be a stand-alone structure built in a fixed location. In other
embodiments, the core 12 may be a stand-alone structure that itself is
movable on wheels, rails, tracks, by lifting and placement (e.g., by a
crane, a crane onoverhead ra ils elc), airlift, hovercraft, or other air
cushion or by other means known in the art. In some embodiments, at least
some of the utilities can be stored within the core 12 itself. For example,
utilities in gas or liquid form can be contained within reservoirs, tanks,
or other containers housed within the core 12, and electricity could
forcseeably be supplied from a generator stored within the core. In some
embodiments, the core 12 may require connection to one or more incoming
utilities such as water, electricity, one or more gases, a computer network
line, an internet line, etc. |0021 ] The core 12 depicted in Figure 1
includes a hexagonal architecture defining six (6) distinct dock positions
18a-1 8f. Each dock position 18a-1 8f is adapted to be removably coupled to
a movable manufacturing bay 14, as depicted. As such, in the disclosed
embodiment, the core 12 and the movable manufacturing bays 14 are arranged
in a hub and spoke configuration with the movable manufacturing bays 14
circumferentially spaced around the core 12. A linear arrangement is
equally suitable as will be described below with reference to Figures 4, 5,
and 7, for example, and one of ordinary skill in the art can envision a
number of suitable configurations for the core 12 and manufacturing bays
14. That is, the core 12 and bays 14 are not limited to the architecture
and configuration depicted in the attached Figures 1-7, but rather, may
include generally any architecture and configuration. For example, the core
12 may include a square, a rectangular, or an octagonal architecture, or
generally any other shape capable of serving the intended purpose. [0022]
The movable manufacturing bays 14 of Figure 1 are each removably coupled to
the core 12 and receive the utilities. In one embodiment, the bays 14 may
be removably coupled to the core 12 via one or more threaded couplings, one
or more quick-connect couplings, one or more quick-disconnect couplings,
one or more male/female connectors, one or more sanitary couplings, one or
more sanitary fluid connectors, one or more steamin- place connectors, one
or more air duct connectors, and/or any other foreseeable mechanism capable
of serving the intended purpose. In one embodiment, the bays 14 do not
actually physically removably connect to the core 12 (e.g.. direct contact
between the exterior of the bays and exterior of the core), but rather,
just to the fittings or other dev ices that deliver the utilities. Such an
embodiment includes, for example, bays thatare in close proximity ( g.,
adjaccnl) to the core, or a distance from the core (e.g., a different area
within the same housing) and still falls within the means of being
"coupled" to the core 12, as used herein. In other embodiments, the bays 14
can also be fixedly and rigidly connected to the core 12. Such a
configuration can advantageously help control and/or limit the motion of
the bays 14 relative to the core 12. For example, because the bays 14 are
movable, it is foreseeable that they may be equipped with a suspension 



system, for example, to facilitate their maneuverability. Such suspension
systems could include springs and/or other dampeners that would enable the
bays 14 to move up and down, and rock side to side, for example, in
response to loading or movement over uneven terrain. However, some
manufacturing processes and/or components for performing manufacturing
processes may be sensitive to such movements. Therefore, rigidly fixing the
bays 14 to the core 12 can prevent such movement and ensure proper process
and component performance. In one embodiment, the bays 14 can be fixed to
the core 12 with fixation devices such as threaded fasteners, tongue and
groove mechanisms, cam-locks, manual latch/locking systems,
locking/coupling systems, and/or any other coupling devices or fixation
devices. In some embodiments, such Fixation devices could be contained
within a skirt system, for example, to maintain cleanliness. In other
embodiments, the core \2 and/or the bays 14 could foreseeably be equipped
with one or more jack-type mechanisms for raising the bays 14 off of the
floor to prevent motion due to the suspension system. This configuration
may be particularly advantageous when the bays are not fixedly and rigidly
connected to the core. The one or more jacks may be hydraulic, pneumatic,
mechanical, electro-mechanical, or any other known type. The jack-type
system could be used instead of rigidly fixing the bays 14 to the core 12,
or in addition thereto. The jack-type systems could also be used to level
the bays 14. The bays 14 could include other leveling devices, which could
foreseeably include automatic leveling devices. Moreover, the bays 14 could
be equipped with braking mechanisms that prevent the bays 14 from moving
away from the core 12 when activated. [0023] Still referring to Figure 1,
each bay 14 defines a workspace 20 accommodating a facility 22 for
performing a manufacturing process. As will be understood from the complete
description set forth herein, the term "facility" is intended to include
any and everything that can be accommodated within the bays 14, but for the
actual operatingpersonnel. Or example, the lerm "facility" can include
space within the bays 14, whether divided from ( ,?., separated by walls or
other barriers) or continuous with the remainder of the space within the
bay 14. In addition, the term "facility" can include empty space within the
bays 14 or one or more pieces of equipment for performing any one or more
of the processes or portions of processes described herein. Moreover, the
term '"facility" can include equipment that is generally unrelated to
performing any of the processes or portions of processes described herein
such as ambient lighting equipment, coat hangers, lockers, cabinetry, etc.
The workspace 20 is defined as the interior portion of the bay 14, within
which a manufacturing process or portions or steps of the process is/are
carried out. |0024| More specifically, the first bay 14a accommodates a
first facility 22a for performing a first manufacturing process, the second
bay 14b accommodates a second facility 22b for performing a second
manufacturing process, and so on. This configuration advantageously enables
the various facilities 22 to perform multiple overall manufacturing
processes, or portions or steps of the same overall manufacturing process,
in parallel, or in series. For the sake of clarity, only the first and
second movable manufacturing bays 14a, 14b are depicted as including
facilities 22a, 22b, but it should be understood that each of the remaining
bays 14c-14f also include respective facilities. The workspace 20 of each
bay 14 is isolated from the workspaces 20 of the other bays 14. The
workspaces are preferably isolated so as to avoid contaminating the
respective manufacturing processes with raw materials, reagents or cells
used in (and wastes from) the other manufacturing processes, and vice
versa. The isolation may be achieved by ensuring there are no conduits, air
ducts, fluid lines, etc. shared between bays. Moreover, isolation can be
ensured by providing appropriately sealed entry and exit points such as
doors, for example. In one embodiment illustrated with respect to the third
manufacturing bay 14d in Figure 1, the bays 14 can be equipped with one way
entry rooms 48 and one way exit rooms 50. The entry rooms 48 can be clean
rooms removably and directly connected to an entry of the bay 14 via a
movable corridor 49. The entry rooms 4S can be for manufacturing personnel
to don a clean suit or other manufacturing attire, for example, prior to
entering the bay 14. The exit rooms 50 can be removably and 



directly connected to the bays 14 via a movable exit corridor 5 1. The exit
rooms 50 canhe for manufacturing personnel to exit the bay 14 into and
change back into their street clothes, for example. In some alternative
embodiments, one way entry and/or exit rooms may be contained within the
bay 14, or may be attached to (e.g., adjacent to, exterior to) the core 12,
as will be described below with reference to the various embodiments
depicted in Figures 4-6. [0025| The manufacturing bays 14 may be of
different sizes and shapes based on capacity and/or technology. As
mentioned, the bays 14 are adapted to be removably connected to the core
12, and to be movable. Mobility can be accomplished via rails, wheels,
tracks, lifting and placement (e.g., by a crane, a crane on an overhead
rail system, etc.), airlift, hovercraft or other air cushion, or by other
means known in the art. In some embodiments, the bays 14 could be
self-propelled or towed. The bays 14 optionally comprise sealable access
points 26, optionally with one-way access of materials and personnel, that
permit employees and raw materials or manufactured product to enter and
exit the bays 14, optionally with decontamination areas. Each bay may also
be designed for viewing by visitors, and as such could be equipped with
windows or transparent walls. [0026] In any of the foregoing embodiments,
optionally the movable manufacturing bays 14 are not connected to each
other. In some embodiments, the movable manufacturing bays 14 are sealed
from the core 12, except for the supply of the three [two?] or more
utilities. Preferably, as depicted in Figure 1, the core 12 has one or more
sealable outlets 30 for supplying utilities to each of the respective
manufacturing bays 14. Accordingly, each bay 14 has at least one sealable
inlet 32 for receiving the utilities from the core 12. Preferably, the core
12 is sealed from receiving incoming material from the movable
manufacturing bays 14. This one-way communication can be achieved by using
a one-way valve, for example, disposed at the outlets 30 or any other means
known in the art. [0027| As depicted with reference to the fifth
manufacturing bay 14e in Figure 1, some embodiments of the manufacturing
system may comprise first and second outlets 30a, 30b associated with the
core 12 for each bay 14. Each of the first and second outlets 30a, 30b
discharge, or are adapted to discharge, at least one of the utilities. This
embodiment therefore requires at least one first inlet 32a and one second
inlet 32b associated with themovable manufacturing bay 14e. The at least
one first inlet 32a is removably coupled, or adapted to be removably
coupled, to the first outlet 30a of the core 12. Similarly, the at least
one second inlet 32b is removably coupled, or adapted to be removably
coupled, to the second outlet 30b of the core 12. In additional
embodiments, each of the first and second outlets 30a, 30b o f the core 12
can comprise a plurality of outlets, each of the plurality of outlets
supplying, or adapted to supply, a distinct utility of the three or more
utilities. In such embodiments, the first inlel 32a of each movable
manufacturing bay 14 comprises a plurality of inlets removably coupled, or
adapted to be removably coupled, to the plurality of outlets of the first
outlet 30a of the core 12, each of the plurality of inlets o f the first
inlet receiving, or adapted to receive, a distinct utility from one of the
plurality of outlets of the first outlet. Correspondingly, the second inlet
32b of each movable manufacturing bay 14 comprises a plurality of inlets
removably coupled, or adapted to be removably coupled, to the plurality of
outlets of the second outlet 30b of the core 12, each of the plurality of
inlets of the second inlet receiving, or adapted to receive, a distinct
utility from one of the plurality of outlets of the second outlet 30b.
[0028] Examples of utilities supplied from the core 12 include clean air,
untreated air, sterile water, purified water (WFI or water for injection),
untreated water (for cooling or other uses not requiring sterility),
specialty gases, e.g. oxygen, carbon dioxide, nitrogen, argon, helium,
electricity, liquid coolant, steam, communications (e.g., telephone, data)
and/or heat. Moreover, in some embodiments, the core 12 can accommodate one
or more HVAC systems for different air handling modes (e.g., Class
100-100,000), computers for monitoring, monitoring equipment, generators,
backup generators, and optionally a duplicate system for supplying such
utilities to ensure no loss of productivity if a breakdown occurs. A
duplicate system also allows an increase capacity if needed. [0029) In some
embodiments, each individual bay 14 can be equipped with its own 



HVAC air-handling unit, instead of or in addition to, a central HVAC
air-handling unit stationed in the core 12. Such individual HVAC units
could be 2 or 3 phase units, operating at 220 or 230 volts, for example,
and sized depending the dimensions of the bays 14. In such an embodiment,
the individual HVAC units could easily be serviced when the bays 14 are
disconnected from the core 12 without interrupting themanufacturing process
or processes being conducted in the other bays 14. Furthermore, in some
embodiments, each bay 14 could be equipped with its own back-up electrical
generator for use under circumstances where the main electricity supplied
from the core 12 is interrupted. In other embodiments, all of the
utilities, but for a primary source of water and electricity can be
maintained on each of the bays 14 themselves within utility rooms 23, for
example, only one of which is depicted with reference to the fifth bay 14e
in Figure 1. Such utility rooms 23 can be sealed from the respective
workspaces 20 o f the bays 14, while the water and electricity can be
supplied to the bays 14 in any of the manners described herein. |0030| In
some embodiments, the first, second or more facilities 22 respectively
comprise a plurality of components 34 (shown in the first and second
manufacturing bays 14a, 14b in Figure 1). Each of the components 34
performs one or more steps of a chemical, a biological, or a pharmaceutical
manufacturing process. Embodiments of manufacturing processes, or portions
or steps of manufacturing processes, that the one or more components 34 can
perform include but are not limited to one or preferably 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16 or more of the following: cell inoculum
preparation; cultupng or fermentation of mammalian cells such as Chinese
hamster ovary (CHO) cells, mouse myeloma cell lines, human embryonic
kidney, human retinal cells, NSO, HEK293, PER.C6, or cells suitable for
replicating viruses such as African green monkey VERO, MDCK (canine kidney
cells), CEF (chicken embryonic fibroblasts), 2BS, Mark 145, STl , DF-I.
CIK, EPC; incubation of chicken eggs for vaccine production; culturing or
fermentation of bacterial or prokaryotic cells, including but not limited
to gram-negative or gram-positive organisms, Enterobacte aceae such as E.
coli, e.g. E. coli K12 strain, E. coli X1776 strain, E. coli W3 110 strain,
and  . coli K5, Enterobacter, Pseitdomonas such as P.fluoresceins and P.
aeruginosa, Erwima, Klebsiella, Proteus, Salmonella, e.g., Salmonella
typhimiirium, Serratiu, e g., Serrulia murcescans, and Shigella, as well as
Bacilli such as B. subtilis and B. licheniformis, or Streptomyces;culluring
fermentation of yeast or fungal cells, including but not limited to
Saceharoim ces. e.g. S. cerevisiae. Schizosaccharomvces pune, Kluw eromvces
Pichui, e.g. P. pastoris, Candida, Trichoderma, Ncurospora, e.g. N. crassa
Schwtnnomvces, filamentous jungi stick as, e.g., Ncurospora, Penicillium,
Tolvpocladmm, neospondia, Aspergillus, e.g. A. nidiilans uiul L. niger,
llaiisenula, Kloeckera, Turulopsis, or Rhodotorula; culturing insect cells,
e.g. baculoviral systems, Sr cells; growing plant cells, including but not
limited to algae, tobacco, algae, duckweed, or mushrooms; inoculating cells
or chicken eggs with virus; harvesting cells or virus or culture medium;
inactivated vaccine production, including but not limited to heat killed
pneumococcal or formalin-treated viruses, live vaccine production,
including replication of influenza, or other viruses for vaccines, e.g.
measles, mumps, rubella, varicella, polio, rabies, I[5Nl virus; viral
vector production, including but not limited to adenovirus, AAV, alphas
irus, poxvirus, retrovirus, picornavirus, paramyxovirus, rhabdovirus;
counting cells, cell viability measurement, osmolarity measurement,
metabolite measurement, lactate dehydrogenase measurement; lysing cells;
centrifugation processes; filtration processes; 



freezing processes, including freezing of purified bulk product; thawing
processes; purification processes, including but not limited to ion
exchange chromatography, affinity chromatography, hydrophobic interaction
chromatography, hydrophobic charge induction chromatography, size exclusion
chromatography, metal affinity chromatography, proteinL chromatography,
hydroxyapatitc separation, iiuilticolumn countcrcurrent solvent gradient
purification process, buffer dilution processes, formulation and'or filing
processes, including but not limited to adding excipienls, sterile
filtration, filling processes, free/e-drying, spray-drying pegylation,
sealing, labeling, process control, liquid nitrogen storage; peptide
synthesis and/or purification processes; siRNA synthesis and/or
purification processes; synthesis and/or purification of small organic
molecules. Where such manufacturing processes are portions of steps of an
overall manufacturing processes to produce a final product or intermediate
product, the product of such a portion or step is referred to herein as a
"stage of manufacture." [0031 1 Some embodiments o f components 34 for
carrying out such manufacturing processes, or portions or steps of
manufacturing processes, include but are not limited to one or preferably
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 or more of the
following: a culturing component, a harvesting component, a purifying
component, a biosafety cabinet one or more culture flasks, an incubator, a
carbon dioxide incubator, a cell counter, a cell viability measuring
device, an osmolarity measuring device, a metabolite measuring device, a
lactate dehydrogenase measuring device, a sealer, sterile connecting
devices, a microscope, a water bath, a peristaltic pump, a bioreactor,
including single use or disposable bioreactors, a wave bioreactor, a media
batch tank, a buffer holding tank, an agitator, a sparger, a light house
for plants, a tank for growing algae/duckweed, a room for mushrooms, a
pump, a piston pump, a diaphragm pump, a rotary lobe pump, a positive
displacement pump, a flow control valve, a centrifuge component, a disk
stack centrifuge, a pressure regulator, a surge tank, a cell lysis
component, a mechanical disruptor, a shredder and/or extractor and/or
vacuum system for separating proteins from plants, algae or mushrooms, a
depth filter component, a clarification filter, a holding tank, an
ultrafiltration component, a diafiltration component, an
ultrafiltration/diafiltration system, a drain line, a heat removal
component, a recirculation tank jacket, a heat exchanger a laminar flow
hood, a freezing system, one or more cryovessels, one or morecold balhs,
one or more liquid nitrogen systems, one or more free/e/lhaw components, a
spray-dryer, a free/e-dryer, a buffer dilution skid, an ion exchange
chromatography column or membrane or skid or bed, an affinity
chromatography column or membrane or skid or bed, a hydrophobic interaction
chromatography column or membrane or skid or bed, a hydrophobic charge
induction chromatography column or membrane or skid or bed, a liquid
chromatography column or membrane or skid or bed, a high pressure liquid
chromatography column or membrane or skid or bed, a gas chromatography
column or membrane or skid or bed (for both separation of organic molecules
and for analysis), other separation technologies, a size exclusion
chromatography column or membrane or skid or bed, a metal affinity
chromatography column or membrane or skid or bed, a protein A
chromatography column or membrane or skid or bed, a hydroxyapatite column
or membrane or skid or bed, disposable purification systems, process
control systems, a filter housing, an ultraviolet analy/er, a conductivity
probe, a steam seal, a steam trap, a glasswasher, an autoclave, a
sterilizing filter, one or more sterile containers, one or more sterile
vials, one or more sterile syringers, a lyophili/er, a fume hood
(optionally connected to an outlet in the bay) and related equipment for
chemical synthesis, an evaporator for removing solvents (optionally
connected to an outlet in the bay), a crystallization system for purifying
organics, one or more computer networks for individual bays and for the
core facilities, one or more analytical devices for assaying products,
electrophoresis equipment (eg, SDS-PAGE), a pH meter, a mass spectrometer,
an IR spectrometer, a UV spectrophotometers (for analysis or detection
during processing), in-line analytics attached to fermentation and
purification systems, disposable fermentation systems from 2OL - 5000L or
more using stir (e.g., Xcellerex) or 



movement (e.g., GE Healthcare Wave), centrifugation equipment for either
discontinuous or continuous separation, clean air hoods or containment
systems for filling, wiring for or wireless systems for monitoring or
automated processes, gas lines for clean air or specialty gases, water
lines, pumps for fluid transfer, containers for product collection, freezer
and cold room areas, non-aqueous solvent storage systems, control systems
and specialty software for automation and apparatus controls. [0032| Other
embodiments of components 34 for carrying out such manufacturing processes,
or portions or steps of manufacturing processes, include but are not
limited toone or preferably 2, 3, 4, 5, 6, 7, 8, 9, 10, 1I, i2, 13, 14, 15,
16 or more ol lhe following: a culturing component, a harvesting component,
one or more culture flasks, an incubator, a carbon dioxide incubator, a
cell counter, a bioreactor, a media batch tank, a cell lysis component, an
autoclave, a sterilizing filter, and electrophoresis equipment such as an
SDS-PAGE. |0033| Other embodiments of components 34 for carrying out such
manufacturing processes, or portions or steps of manufacturing processes,
include but are not limited to one or preferably 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16 or more of the following: a purifying component,
a biosafety cabinet, a sparger, a mechanical disruptor, an ultrafiltration
component, a diafiltration component, an ultrafiltration/diafiltration
system, a laminar flow hood, one or more cryovessels, an ion exchange
chromatography column or membrane or skid or bed, an affinity
chromatography column or membrane or skid or bed, a hydrophobic interaction
chromatography column or membrane or skid or bed, a hydrophobic charge
induction chromatography column or membrane or skid or bed, a size
exclusion chromatography column or membrane or skid or bed, a metal
affinity chromatography column or membrane or skid or bed, a protein A
chromatography column or membrane or skid or bed, a hydroxyapatite column
or membrane or skid or bed, a liquid chromatography column or membrane or
skid or bed, a high pressure liquid chromatography column or membrane or
skid or bed, a gas chromatography column or membrane or skid or bed, a
lyophilizer, one or more extractor systems, one or more evaporators each
with an outlet in the bay, crystallization systems for purifying organics,
one or more in-line analytics attached to fermentation and purification
systems, and one or more disposable fermentation systems. [0034J In some
embodiments, the components 34 can include a hood for aseptic processing,
wherein the hood has one, two, three or all organism counts selected from
the group consisting of: (a) viable particulate air organism count of < 1
CFU/m3, (b) settling plate organism count of < 1 CFU/4 hours, (c) Replicate
Organisms Detection and Counting (RODAC) plate organism count of < 1
CFU/plate, and (d) touch plate organism count of < 1CFU/plate. In such
embodiments, some methods of using the manufacturing system could include
maintaining the hood to have one, two, three or all organism countsselected
from the group consisting of: (a) viable particulate air organism count of
< 1 CFl IW, (b) settling plate organism count of I CFU/4 hours, (c)
Replicate Organisms Detection and Counting (RODAC) plate organism count of
< 1 CFU/plate, and (d) touch plate organism count of < 1 CFU'platc. 10035 1
In some embodiments, the components 34 can include a surface (e.g., wall,
floor, counter and/or sink) or area, e.g., for aseptic processing, wherein
the surface has one, two, three or all organism counts selected from the
group consisting of: (a) viable particulate air organism count of < 10
CFUW, (b) settling plate organism count of < 5 CFU/4 hours, (c) Replicate
Organisms Detection and Counting (RODAC) plate organism count of < 5
CFU/plate, and (d) touch plate organism count of < 5 CFU/plate. In such
embodiments, some methods of using the manufacturing systems could include
maintaining the surface to have one, two, three or all organism counts
selected from the group consisting of: (a! viable particulate air organism
count of < 10 CFl Vm , (b) settling plate organism count of < 5 CFU/4
hours, (c) Replicate Organisms Detection and Counting (RODAC) plate
organism count of < 5 CFU/plate, and (d) touch plate organism count of < 5
CFU/plate. 10036] In still further embodiments, the components 34 can
include a surface (e.g., wall, floor, counter and/or sink) or area, e.g.,
for fermentation and/or purification 



processes, wherein the surface has one, two, three or all organism counts
selected from the group consisting of: (a) viable particulate air organism
count of < 100 CFU/m , (b) settling plate organism count of < 50 CFU/4
hours, and (c) Replicate Organisms Detection and Counting (RODAC) plate
organism count of < 25 CFU/plate. In such embodiments, some methods for
using the manufacturing system could include maintaining the surface to
have one, two, three or all organism counts selected from the group
consisting of: (a) viable particulate air organism count of < 100 CFU/m3,
(b) settling plate organism count of < 50 CFU/4 hours, and (c) Replicate
Organisms Detection and Counting (RODAC) plate organism count of < 25
CFU/plate. [0037] In some embodiments, each movable manufacturing bay 14
comprises a control system for controlling the associated manufacturing
process independent of the manufacturing processes carried out in the other
bays 14. Such a control system caninclude acentral processor, a memory
device, one or more user interfaces, any number of sensors tor identifying
various process parameters within the bays, and/or any olhcr control system
components that may be desirable. |0038] In some embodiments, each of the
movable manufacturing bays 14 further comprises a drain 38 (shown in Figure
2) for discharging waste generated during the associated manufacturing
processes. In one embodiment, the waste is discharged into a waste
receptacle 44, as shown in Figure 2. The waste receptacle 44 may include a
selfcontained waste holding tank, a system of pipes for delivering waste to
a sewage system, a central waste treatment and disposal control mechanism,
or any other foreseeable construction. In some embodiments,
gravity-assisted flow permits the waste from each bay 14 to exit the drain
38 and flow to the waste receptacle 44 that is located below (e.g., one
floor below) the bays 14, where the waste can be decontaminated, treated,
and/or processed elc. The drain 38 and waste receptacle 44 are preferably
isolated from the core 12, so as to avoid contamination of the core 12. The
drain 38 of each of the bays 14 can be equipped with a one-way cheek valve,
a trap, or a similar flow control device to handle condensable gases, for
example. In other embodiments, condensers (e.g., surface condensers) can be
used to remove emissions, such as volatile organic compound emissions.
Moreover, in some embodiments, the drain 38 can include a cap, for example,
for sealing the drain 38 when the bay 14 is being transported. [0039] As
mentioned above, in some embodiments, the manufacturing system 10 also
comprises the housing 16. The housing 16 of the embodiment shown in Figure
1 contains the core 12, the first through sixth movable manufacturing bays
14a-14f that are connected, or connectable, to the core 12, and any
additional manufacturing bays 14 that may be later connected to the core
12. In some embodiments, the system also comprises a holding area 24, which
may be disposed inside or outside of the optional housing 16. The holding
area 24 is preferably disposed away from the core 12 and provides a
location where each of the movable manufacturing bays 14 can be positioned
to undergo (i) a cleaning operation, whereby the workspaces of the first
and second movable manufacturing bays are cleaned, (ii) a change-over
operation, whereby the facilities of the first and second movable
manufacturing bays are altered, (iii) qualifying, preparation andloading of
supplies and specific raw materials (including reagents, cells and/or
disposable manufacturing components) for the next manufacturing process,
and/or (iv) a servicing operation on any of the facilities 22, utilities,
or an HVAC unit associated with the bays 14. For example, as depicted in
Figure 3, one embodiment of the holding area 24 can include a clean area
42, for introducing clean raw materials and/or utilities to one or more bay
14, and/or one or more dirty areas (not depicted), for decontaminating or
cleaning a bay. The clean and/or dirty areas may themselves include a
walled-off section of the holding area 24 with openings or passages that
are adapted to be removable coupled to one or more access points of the
bays 14. Such a configuration ensures that no crosscontamination can occur
between the dirty area and the clean area. (0040] As depicted in Figure 3,
the manufacturing system 10 can optionally comprise or be disposed adjacent
to auxiliary stations 40 such as analytical laboratories that are capable
of separately handling multiple sample types, a warehouse including
shipping and receiving areas, equipment storage area, a cell bank storage
area, large capacity freezers, 



e.g., 2-8 degrees Centigrade, or -20 degrees Centigrade, or -70 degrees
Centigrade, offices or administrative space, conference rooms, auditoriums,
process and formulation labs, and/or other research or development
laboratories or facilities. In certain embodiments, the manufacturing
system may comprise the core, bays, holding area and auxiliary stations
within the same housing structure. [0041 J In a related aspect, the
invention provides methods of using the manufacturing systems 10 to
manufacture a plurality of products, preferably in parallel, and preferably
using a plurality of distinct technologies. In some embodiments, the
invention provides a method of manufacturing a plurality of products that
first includes connecting the first movable bay 14a to the core. Then, the
method includes performing a first manufacturing process with a first
configuration of components 34 disposed within the first movable bay 14a to
manufacture a first product. Then, the first movable bay 14a is
disconnected from the core 12, and a second configuration of components 34
can be established within the first movable bay 14a. Next, the first
movable bay 14a is reconnected to the core 12, and a second manufacturing
process is performed with the second configuration of components 34 to
manufacture a second product. In some instances, the secondmanufacturing
process is distinct from the first manufacturing process. Moreover, in some
instances, (he time period required for disconnecting the first mo able bay
14a from the core 12, establishing the second configuration of components
34, and reconnecting the first movable bay 34 to the core 12 can be 30 days
or less, 28 days or less, 2 1 days or less. 14 days or less, 10 days or
less, 5 days or less, or 4 days or less, or 3 days or less, or 2 days or
less, or 1 day or less, for example. |0042| In some embodiments, the method
can further include supplying at least one utility to the first movable bay
14a from the core 12 when the first movable bay 14a is connected to the
core 12. The at least one utility includes at least one of the utilities,
preferably selected from the group consisting of (a) clean air, (b) clean
water, (c) oxygen, and (d) carbon dioxide. Other utilities described
hereinabove may be supplied, or any other foreseeable utility. In some
embodiments, three or more utilities, preferably selected from the group
consisting of (a) clean air, (b) sterile water, (c) electricity, (d)
oxygen, and (e) carbon dioxide are supplied to the first movable bay 14a
from the core 12. Optionally, further utilities may be supplied, including
but not limited to any of the utilities described herein. [0043| In some
embodiments, connecting the first movable bay 14a to the core 12 includes
connecting at least one 32 inlet o f the first movable bay 14a to at least
one outlet 30 of the core 12, wherein the at least one outlet 30 of the
core 12 supplies at least one utility, preferably selected from the group
consisting of (a) clean air, (b) clean water, (c) oxygen, and (d) carbon
dioxide. In some embodiments, disconnecting the first movable bay 14a from
the core 12 comprises disconnecting the at least one inlet 32 of the first
movable bay 14a from the at least one outlet 30 of the core 12. In some
embodiments, r e connecting the first movable bay 14a to the core 12
comprises re-connecting the at least one inlet 32 of the first movable bay
14a to the at least one outlet 30 of the core 12. In some embodiments,
connecting the at least one inlet 32 of the first movable bay 14a to the at
least one outlet 30 of the core 12 comprises connecting a plurality of
outlets 30 of the core 12 to a plurality of inlets 32 of the first movable
bay 14a, wherein each of the plurality of outlets 30 supplies a distinct
utility. In some embodiments, disconnecting the at least one inlet 32 of
the first movable bay 14a from the at least one outlet 30 of the core12
comprises disconnecting lhc plurality of inlets 32 from the plurality of
outlets 30. In some embodiments, re-connecting the at least one inlet 32 of
the first movable bay 14a to the at least one outlet 30 of the core 12
comprises re-connecting the plurality of inlets 32 Io the plurality of
outlets 30 [0044| Optionally, the method further comprises moving the first
movable bay 14a to the holding area 24 after disconnecting the first
movable bay 14a from the core 12 and prior to establishing the second
configuration of components 34. Then, the first movable bay 14a is returned
to the core 12 prior to re-connecting the first movable bay 14a thereto, in
some embodiments, the method further comprises cleaning the first movable
bay 14a while it is located in the holding area 24 and prior to
establishing the second 



configuration of components 34. In some embodiments, the method further
comprises connecting the second, third, fourth, fifth, or sixth movable
bays 14b-14f to the core 12 while the first movable bay 14a is connected to
the core 12 without connecting any of the second, third, fourth fifth, or
sixth movable bays 14b-14f to the first movable bay 14a. [00451 Preferably,
performing each of the manufacturing processes in each bay 14 comprises
performing one or more of a chemical, a biological, and a pharmaceutical
manufacturing process. Embodiments of manufacturing processes include but
are not limited to one or preferably 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16 or more of any of the manufacturing processes described
hereinabove, as well as any other manufacturing process not specifically
described hereinabove. [0046] In some embodiments, the method further
comprises performing a third, fourth, fifth, and/or sixth manufacturing
process within the second, third, fourth, fifth, and sixth movable bays
14b-14f in parallel with performing the first manufacturing process within
the first movable bay 14a. In some embodiments, the third manufacturing
process is distinct from the first manufacturing process. Thus, it should
be appreciated that the invention advantageously provides a flexible system
whereby a single movable manufacturing bay 14, whether it be the first,
second, third, fourth, fifth, or sixth bay 14b- 14f described herein, or
any other bay, can be easily connected and disconnected from the core 12
such that different manufacturing processes can be carried out therein with
different configurations of manufacturing components 34.[0047) ' n .mother
aspect, the invention provides a method of manufacturing a plurality of
products that includes connecting the first movable bay 14a to the first
dock position 18a of the core 12, whereby the first dock position ISa is
first selected from the plurality of dock positions 1Sa- ISf. Then, a first
manufacturing process is performed with a configuration ol components 34
disposed ithin the first movable bay 14a to manufacture Lfirst product
Then, the fiist movable bay 14a is disconnected from the first dock
position 18a o f the coie 12, and a different (e g , second, third, fourth)
movable bay 14 is connected to the first dock position 18a A manufacturing
process is then performed with a configuration of components 34 disposed
within the different movable bay 14 to manufacture a different product or a
same product In some instances, the time period icquired for disconnecting
the first movable bay 14a from the fiist dock position 18a and connecting
the different movable bay 34 to the first dock position 18a can be 48 hours
or less, or 36 hours or less, or 24 hours ot less, or 12 hours or less, or
8 hours or less, for example In some other instances, the time period
required for disconnecting the first movable bay 14a from the first dock
position 18a, connecting the different movable bay 34 to the first dock
position 18a, and beginning to perform the manufacturing pioccss to
manufacture the different products can be 48 hours or less, or 36 hours or
less, or 24 hours or less, or 12 hours or less, or 8 hours or less, for
example 10048] With this method, it should be appreciated that the system
10 of the present disclosure provides the flexibility of being able to
quickly switch from manufacturing one product in the first bay 14a to
manufacturing a different (or same) product in a different bay 14 without
having to reconfigure (or clean) the components 34 in the first bay 14a.
This can reduce manufacturing downtime and increase the overall
productivity of the system 10 |0049] In some embodiments, the method
further comprises supplying at least one utility from the core 12 to the
movable bays 14 when the movable bays 14 are connected to the core 12. The
at least one utility is preferably selected from the group consisting of
(a) clean air, (b) sterile water, (c) oxygen, and (d) carbon dioxide
Further utilities can be supplied, including those discussed hereinabove.
In other embodiments, three or more of the utilities, preferably selected
from the group consisting of (a) clean air, (b) clean water.(c)
electricity, (d) oxygen, and (e) carbon dioxide, arc supplied from the core
12 to the movable bays 14 when the movable bays 14 are connected to the
core 12. Optionally, further utilities may be supplied, including but not
limited to any of the utilities described herein. Moreover, in this method,
the movable bays 14 can be connected and disconnected from the core 12 in
any of the manners described hercinabove with the previous method, or in
any other manner known in the art. Furthermore, identical to that 



described above, performing each of the manufacturing processes comprises
performing one or more o f a chemical, a biological, and a pharmaceutical
manufacturing process or portions or steps of manufacturing processes.
Embodiments of manufacturing processes include but are not limited to one
or preferably 2 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 or more of
any of the manufacturing processes described herein. [0050| In yet another
related aspect, the invention provides a method of manufacturing that
includes selecting the first bay 14a from a plurality o f available bays
I4a- 14f. The first bay 14a is then moved adjacent to the core 12 and
removably connected thereto. Next, the second bay 14b is selected from the
plurality of available bays 14a- 14f and moved adjacent to the core 12. The
second movable bay 14b is then removably connected to the core 12. With the
first and second movable bays 14a, 14b removably connected to the core, a
first manufacturing process is performed with the components 34 disposed
within the first bay 14a to manufacture a first product, and a second
manufacturing process is performed in parallel with the first manufacturing
process with the components 34 disposed within the second bay 14b to
manufacture a second product. [0051 J It should be appreciated that this
method provides the advantage of enabling manufacturing personnel to select
one or more bays 14 from any number of available bays for performing
multiple process in parallel. The number of available bays is limitless.
The number of manufacturing processes that may be performed in parallel is
only limited by the specific design and configuration of the core 12 and
the capacity of the core 12 to supply utilities. The remainder of the
system and the means for connecting and disconnecting the bays 14 are the
same as those discussed above. [0052] In some embodiments, the method
further comprises controlling the first manufacturing process with a first
control system associated with the first bay 14a, andcontrolling lhe second
manufacturing process with a second control system associated with the
second bay 14b. In this configuration, the first and second control systems
can be distinct control systems. In some embodiments, the second
manufacturing process is controlled independently of the first
manufacturing process. (00531 m yet another aspect, the invention provides
a method of manufacturing that includes selecting a first bay 14a and a
second bay 14b from a plurality of available bays 14a- 14f and utilizing
the first and second bays 14a, 14b to perform sequential portions of single
manufacturing process. After selection, the first and second bays 14a, 14b
are moved to the core 12 and removably coupled thereto. With the first
movable bay 14a coupled to the core 12, a product undergoes a first portion
of a manufacturing process with the components 34 stored in the first bay
14a to bring the product to a first stage of manufacture. The product in
the first stage of manufacture is then transferred to the second bay 14b.
With the second bay 14b coupled to the core 12, the product undergoes a
second portion of the manufacturing process with the components 34 stored
in the second bay 14b to bring the product to a second stage of
manufacture. [0054| In still another aspect, the invention provides a
method of manufacturing that includes selecting a first bay from a
plurality of available bays 14a- I4f, moving the first bay 14a to the core
12, and removably coupling the first bay thereto. With the first movable
bay 14a coupled to the core 12, a product undergoes a first portion of a
manufacturing process with the components 34 stored in the first bay 14a to
bring the product to a first stage of manufacture. Then, the method
includes selecting a second bay 14b from the plurality of available bays
14a-14f, moving the second bay 14b to the core 12, and removably coupling
it thereto. With the second bay 14b coupled to the core 12, the product in
the first stage of manufacture is then transferred from the first bay 14a
to the second bay 14b. The product then undergoes a second portion of the
manufacturing process with the components 34 stored in the second bay 14b
to bring the product to a second stage of manufacture. [0055] In some
embodiments, either or both of the foregoing sequential manufacturing
methods could further include selecting a third manufacturing bay 14c from
the available bays 14a-14f, moving the third bay 14c to the core 12, and
coupling the third bay 14c tolhc core 12. So configured, the product in the
second stage of manufacture is transferred to the third bay 14c. With the
third bay 14c coupled to the core 12, the product undergoes 



a third portion of the manufacturing process with the components 34 stored
in the third bay 14c to bring the product to a third stage of manufacture.
|0056] By the foregoing, it should be appreciated that the use of the terms
first, second, and third portions of manufacturing processes and first,
second, and third stages o f manufacture are only used to express the
relative order of these processes or stages, and that each may be
intermediate to an overall process or progression through multiple stages.
|0057| It should be appreciated that in some aspects of the methods
described, the overall manufacturing process is divided into a plurality of
portions, wherein each portion is performed in a separate and distinct
manufacturing bay 14 sequentially, for example. In contrast, in other
aspects of the methods described, the overall manufacturing process is
performed in a single bay 14. In some embodiments, however, the single bay
14 could be separated or subdivided into a plurality of different sections
divided from each other by movable or openable partitions such as doors,
walls, curtains, etc. So configured, the various portions of the overall
manufacturing process can be performed in isolated areas of each individual
bay, if desired. Any one of the foregoing types of processes is within the
scope of the present application, and the practical application of the
invention will depend on the specific product being manufactured, as well
as the quantity being manufactured. [0058] For example, in some
embodiments, the invention provides a method of manufacturing 500 liters of
product (e.g., culture supernatant containing unpurified product), wherein
the first bay 14 includes components 34 for culturing such that the first
stage of manufacture includes cultured cells of the product. The cultured
cells of the product can then be transferred to the second bay 14b for
fermenting such that the second stage of manufacture comprises fermented
product. The fermented product can then be transferred to the third bay 14c
for purification such that the third stage of manufacture comprises
purified product. This can be the end of the manufacturing process. In
other embodiments, more or less than SOO liters of product can be
manufactured. For example,in one embodiment, 2000 liters o f product could
be manufactured. The increased volume could forcsccably require the
manufacturing process to be divided into one or more additional portions
requiring, for example, one or more additional separate bays 14. [00591 For
example, when manufacturing 2000 liters of product, the cultured product
produced in the first bay 14a can be transferred to the second bay 14b to
undergo a prcviral purification portion of the overall manufacturing
process such that the second stage of manufacture comprises a pre-viral
purified product. The pre-viral purified product can then be transferred to
the third bay 14c for undergoing a post-viral purification portion of the
overall manufacturing process, thereby resulting in a post-viral purified
product. The post-viral purified product can then be transferred to a
fourth bay 14d, which has already been selected from the available bays
14a-14f and coupled to the core 12, for undergoing a further purification
portion of the process such as to yield purified product. The purified
product can be the final end product. [0060| In some embodiments, the
method further includes any number of the additional process steps
discussed hereinabove. Various structures suitable for transferring an
intermediate product or stage of manufacture from one bay to another bay
are described below. [0061 ] While the manufacturing system 10 of the
present disclosure has thus far been described as optionally including
externally located entry and exit rooms 48, 50 for providing controlled
access to the bays 14, as illustrated in Figure 1, alternative embodiments
could be configured to include different mechanisms for controlling access
to the bays 14. [0062] For example, Figure 4 illustrates one alternative
embodiment of a system 100 constructed in accordance with the present
disclosure, and including one or a plurality of clean connect areas 149,
which are coupled (e.g., removably, fixedly) to a core 112. In some
embodiments, one clean connect area 149 is disposed adjacent to a movable
manufacturing bay 114. In other embodiments, one or more clean connect
areas 149 are 



disposed adjacent to one or more movable manufacturing bays 114. In the
embodiment depicted in Figure 4, the system 100 includes first through
eighteenth clean connect areas 149a-149r and a corresponding first through
eighteenth movable bays 114a- 114r. Theclean conned areas I49a- I49r arc
generic and not specifically assigned to any one bay 114 . Ls such, one
clean connect area I49a- 149r can serve any one of the bays 114a- 114r. In
some embodiments, the core 112 is rectangular in shape and the bays 114a-1
14r connect thereto along each side in a linear arrangement. With the
exception of its shape, the core 112 can be identical to and include each
and every feature of the core 12 described above with reference to Figures
1-3. Additionally, each of the bays 114a- 114r define workspaces 120
accommodating facilities 122 for performing manufacturing processes and can
be identical to and include each and every feature of the bays 14 described
above with reference to Figures 1-3. Accordingly, each and every feature of
the core 112 and bays 114a- 114r depicted in Figure 4 will not be repeated.
[0063| Similar to the entry and exit rooms 48, 50 described above with
reference to Figure 1, the clean connect areas 149a-149r of the system 100
depicted in Figure 4 can be adapted to control access to and from the
respective bays 114a- 114r. As such, each clean connect area 149a- 149r
generally includes a square or rectangular structure defining a selectively
sealable room positioned between a corresponding one of the bays 114a-1 14r
and a corridor (e.g., one of two primary corridors 101a, 101b), through
which operating personnel can pass into and out of the clean connect areas
149a-149r. In the disclosed embodiment, the primary corridors 101a, 101b
extend as part of and along opposite sides of the core 112 and are sealed
therefrom such that personnel cannot pass between the core 112 and the
primary corridors 101a, 101b. In other embodiments, the primary corridors
10la, 10 Ib could be located at a position spaced away from the core 112,
as depicted in Figure 7. [0064] For example, Figure 7 depicts a system 400
including core 412, a plurality of movable manufacturing bays 414, and a
pair of primary corridors 401 a, 401b. In general, each of these components
can be constructed identical to any of the similar components described
herein, and therefore, the details will not be repeated. Additionally, the
system 400 of Figure 7 can include one or more optional housings 416a
covering and possibly surrounding the areas occupied by the bays 414, as
illustrated, or a housing 416b could cover or surround the entire system
400 similar to the housing 16 described above with reference to Figure 1.
Still further, although not shown, the system 400 of Figure 7 couldalso be
equipped to include transfer panels 190 and/or controlled corridors 192
similar to those described above with reference to the system of Figure 4
for facilitation transfer of product between the bays 414 if desired.
(00651 Furthermore, similar to the systems described above, the system 400
of Figure 7 can be equipped with at least one holding area 424 that can be
disposed inside or outside of the one or more housings 416a, 4 16b. The
holding area 424 is preferably disposed away from the core 4 12 and
provides a location where each of the bays 414 can be positioned to undergo
(i) a cleaning operation, whereby the workspaces of the first and second
movable manufacturing bays are cleaned, (ii) a change-over operation,
whereby the facilities of the first and second movable manufacturing bays
are altered, (iii) qualifying, preparation and loading of supplies and
specific raw materials (including reagents, cells and/or disposable
manufacturing components) for the next manufacturing process, and/or (iv) a
servicing operation on any of the facilities, utilities, or an HVAC unit
associated with the bays 414. [0066] One distinction between the system 400
depicted in Figure 7 and the system 100 depicted in Figure 4, for example,
is the configuration of the primary corridors 401a, 401b relative to the
core 412. That is, the primary corridors 401a, 401b each extend away from
the core 412 such that the bays 414 are positioned at different distances
from the core 412. In this embodiment, the bays 414 are still coupled to
the core 412 in generally the same manner that the bays 114 are coupled to
the core 112 described above with reference to Figure 4. That is, the
system 400 includes conduits 415, only one of which is illustrated for the
sake of clarity, that carry utilities from the core 412 to each of the bays
414. In one preferred embodiment, the conduits carrying the utilities from
the core 412 



extend over the bays 414 and drop down to connect thereto. In other
embodiments, however, the conduits can extend from the core 412 in the
ground or floor of the system 400, for example, such that the conduits
connect beneath the bays 414. In still some other embodiments, the conduits
could extend from the core 4 12 along the primary corridors 401a, 40I b to
the bays 414, for example, or in generally any other configuration. While
the embodiment depicted in Figure 7 includes the primary corridors 401a,
401b extending from the core 412 in two different directions, i.e., from
the left and right side of the core412, (his is merely an example. In some
embodiments, one or more primary corridors 401 may extend in only one
direction from the core 4 12. two directions (e g., opposite) from the core
4 12, such as depicted in Figure 7, or three or more directions from the
core 4 12. [0067| While Figure 4 includes the primary corridors 101 a, 101b
extending adjacent to the core 112, and Figure 7 includes the primary
corridors 40 Ia, 401 b extending away from the core 4 12, other systems may
not include primary corridors 10 1a, 10 1b at all. As shown in Figure 4,
the primary corridors 10 1a, 10 1b may be connected to each other by one or
more secondary corridors, such as for example, a pair of secondary
corridors 105a, 105b located at opposite ends of the core 112 such that
personnel can pass between the two primary corridors 101 a, 101b and/or out
of the system 100 entirely. Similar secondary corridors could be used in
the system of Figure 7, i f desired. [0068] As mentioned, in some
embodiments, each of the clean connect areas 149a-149r is generally square,
or rectangular in shape. In one embodiment, the clean connect areas 149a-
I49r can be fixedly coupled to the core 112 and each of the bays 114a- 114r
can be removably coupled to a corresponding clean connect area 149a-149r.
That is, flat interior walls o f the clean connect areas 149a- I49r can be
fixedly coupled to the core 112 adjacent flat exterior walls of the
corridors 101a, 101b, as depicted. Moreover, flat end walls of the bays
114a-l 14r can be removably coupled to the core 112 adjacent flat exterior
walls of the clean connect areas 149a-149r. In other embodiments, the clean
connect areas 149a-149r can be fixedly coupled to the bays 114a-l 14r and
removably coupled to the core 112 via the corridors 101a, 101b. In still
further embodiments, the clean connect areas 149a-149r can be structures
separate from the core 112 and the bays 114a-l 14r and separately movable.
In such an embodiment, the clean connect areas 149a-149r can be removably
coupled to both the core 112 and the respective bays 114a- 114r. [0069] As
mentioned above, the clean connect areas 149a- 149r serve to control access
to the bays 114a-l 14r. Therefore, each of the clean connect areas 149a-
149r includes a bay entry portion 151 and a bay exit portion 153 separated
and/or sealed from each other by a partition 155 such as a wall, a pane of
glass, etc. For the sake of clarity, the presentembodiment of the bay entry
and exit portions 151, 153 are illustrated with respect to the tenth clean
connect area 149j in Figure 4, but all of the clean connect areas I49a-
149r could be equipped in the same manner. |0070| The bay entry portion 15
1 includes an entry point 15 1a and an exit point 151b. The bay exit
portion 153 includes an entry point 153a and an exit point 153b. The entry
point 15 Ia of the bay entry portion 151 is connected to an exit point 103b
of the primary corridor 10 1b and the exit point 153b o f the bay exit
portion 153 is connected to an entry point 103a of the primary corridor
101b. Moreover, the exit point 15 1b of the bay entry portion 15 1 is
connected to an entry point 155a of the tenth bay 114j and the entry point
153a of the bay exit portion 153 is connected to an exit point 155b of the
tenth bay 114j. Any or all of the entry points 151a, 153a, 103a, 155a and
exit points 151b, 153b, 103b, 155b in the clean connect areas 149a- 149r,
the bays 114a- 114r, and corridors 101a, 101b can include selectively
closeable passageways such as sliding doors, pivoting doors, pocket doors,
pocket doors with seals, roll doors, curtains, removable or collapsible
walls, or any other type of device capable of at least providing physical
separation and optionally providing a sea! such as an airtight seal when
closed. [0071 | With the clean connect areas 149a- 149r configured as
described, operating personnel can enter and exit the bays 114a-l 14r in a
controlled manner to prevent contamination of the contents of the bays
114a-l 14r and/or to prevent crosscontamination 



between the bays 114a-l 14r. [0072] For example, to enter a specific bay,
e.g., the tenth bay 114j described with reference to Figure 4, operating
personnel must first enter the system 100 via a passageway 107 in one of
the secondary corridors 105a, 105b. In some alternative embodiments,
personnel may first enter the system 100 directly via a passageway in the
primary corridors 101a, 101b. At this point, the operating personnel can
still be wearing street clothes or something similar. In the disclosed
embodiment, the secondary corridors 105a, 105b can be uncontrolled spaces,
i.e., spaces that are not required to satisfy any "clean air" standards
such as those discussed above, or otherwise. From the secondary corridor
105a, 105b, the operating personnel can enter the primary corridor 101b
through another passageway 109. In one embodiment, the primary corridors
101a, 101b can bemaintained to satisfy a "'clean air" standard. For
example, the primary corridors 1Ol a, 101 b could be maintained to satisfy,
for example, any one of the Federal Standard 209E classifications of air
including Class 1, Class 10, Class 100, Class 1,000, Class 10,000, and in
some embodiments Class 100,000. [0073] From the primary corridor 101b, the
operating personnel can pass through the exit point 103b o f the primary
corridor 101b and the entry point 15 1a of the bay entry portion 151 of the
clean connect area 149j to enter the bay entry portion 15 1. Once in the
bay entry portion 15 1, the operating personnel can don a clean gown, clean
scrubs, a clean suit, or some other "clean" attire before entering the
tenth bay 114j. Once the operating personnel is prepared to enter the tenth
bay 114j, the operating personnel can pass through the exit point 15 1b of
the bay entry portion 15 1 and the entry point 155a of the tenth bay 114j
and into the workspace 120 to assist in the performance of a manufacturing
process, a cleaning process, etc. J0074] To exit the workspace 120 of the
tenth bay 114j, the personnel passes through the exit point 155b of the
tenth bay 114j and the entry point 153a of the bay exit portion 153 of the
clean connect area 149j, thereby entering the bay exit portion 153. When
disposed in the bay exit portion 153, the operating personnel can degown
and exit the bay exit portion 153 of the clean connect area 149j via the
exit point 153b of the bay exit portion 153 and the entry point 103a of the
primary corridor 101b. From the primary corridor 101b, the personnel can
return to one of the secondary corridors 105a, 105b to exit the system 100,
for example. Thus, the clean connect areas 149a-149r operate to control the
flow of personnel into and out of the bays 114a-l 14r to prevent
contamination. [0075] Sn one embodiment, each of the clean connect areas
149a-149r can be cleaned and/or maintained to satisfy any one of the
Federal Standard 209E classifications of air including Class 1, Class 10,
Class 100, Class 1,000, Class 10,000, and Class 100,000. Preferably, the
clean connect areas 149a-149r can be maintained to satisfy the same
standard classification as that which is maintained within the respective
bays 114a-l 14r. For example, for bio-manufacturing, the air within the
clean connect areas 149a-149r and the bays 114a- 114r can be maintained at
Class 10,000, i.e., the air contains less than10,(KK) particles that are
0.5 microns and larger per cubic foot of air within the clean connect areas
149a- 149r and the bays i 14a- l 14r. To facilitate and maintain the air
classifications in the bays 14 and clean connect areas 149, the HVAC
air-handling system for the bays 14 can be additionally equipped to ensure
that air (lows from the bays 14, through the clean connect areas 149, and
out to the corridors 101 a, 101b. Preferably, the pressure differential
between the bays 14 and the clean connect areas 149, and the pressure
differential between the clean connect areas 149 and the corridors 10 1a,
101b, would be maintained at five hundredths o f an inch (0.05") of water,
as is generally known within the art. In other embodiments, wherein the
bays 14 are utilized to manufacture viruses, for example the HVAC
air-handling system can be used to ensure that air flows into the bays 14
from the corridors 10 1a, 101b. So configured, the bays 14 could be
equipped with filters and/or sinks that would trap any stray particles in
the air and prevent them from escaping the controlled environment. While
the air within the clean connect areas 149a- 149r and the bays 114a- 114r
has thus far been described as satisfying the same air classification
standards, in other embodiments, the air within the clean connect areas 



149a-149r and the bays 114a-l 14r could be maintained at different
standards. |0076| While the clean connect areas 149a- 149r have thus far
been described as defining bay entry and bay exit portions 151, 153
separated by a partition 155, alternative embodiments of the clean connect
areas 149a-149r can also subdivide either or both of the bay entry and exit
portions 151, 153. For example, as illustrated with respect to the
thirteenth clean connect area 149m depicted in Figure 4, one embodiment of
the bay entry portion 151 could be divided into a first stage entry portion
159a and a second stage entry portion 161a separated by a transition
divider 163. The transition divider 163 can include a selectively closeable
passageway such as a sliding door, a pivoting door, a pocket door, a roll
door, one or more curtains, or any other type of device capable of at least
providing a designated and/or physical separation and optionally providing
a seal such as an airtight seal when closed. [0077] In such a
configuration, operating personnel can first enter the first stage entry
portion 159a of the clean connect area 149m to don a first level of clean
attire, e.g., clean scrubs, and then pass through the transition divider
163 and into the second stage entryportion 16 1a to don a second level of
clean attire, e.g., a clean suit, over the first set of clean attire, prior
to passing into the workspace 120 of the thirteenth bay 114m. Upon exiting
the workspace 120 of the thirteenth bay 114m, the operating personnel can
remove the first and second levels of clean attire in the bay exit portion
153 in a manner similar to that described above with respect to the tenth
clean connect area 149j. [0078| In alternative embodiments, the bay exit
portion 153 of the clean connect area 149m can also be subdivided into
first and second stage exit portions 161b, 159b separated by a transition
divider 169 for enabling operating personnel to successively remove the
second level of clean attire while in the first stage bay exit portion 161b
and the first level of clean attire while in the second stage bay exit
portion 159b. [0079] In one embodiment, the air within the first and second
stage entry portions 159a, 161a and the first and second stage exit
portions 161b, 159b can be maintained in accordance with the same or
different air classification standards. For example, in one embodiment, the
first stage entry portion 159a and the second stage exit portion 159b can
be maintained at Class 100,000, while the second stage entry portion 161a
and the first stage exit portion 161b can be maintained at Class 10,000,
which can be the same as the workspace 120 of the corresponding thirteenth
bay 114m, for example. [0080) While only the thirteenth clean connect area
114m has been described as including first and second stage entry portions
159a, 161a and optional first and second stage exit portions 159b, 161b, it
should be appreciated that all or some of the clean connect areas 149a-149r
can be arranged in such a manner. Moreover, while the bay entry and exit
portions 151, 153 of the thirteenth clean connect area 149m have each been
disclosed as being optionally subdivided into two stage portions, e.g., a
first stage entry portion 151a and a second stage entry portion 161a, in
alternative embodiments, the bay entry and/or exit portions 151, 153 of any
or all of the clean connect areas 149a-149r could be subdivided into 3, 4,
5, 6, 7, 8, 9, 10, or any other number of stage portions. [0081] In the
embodiment depicted in Figure 4, the provision of utilities from the core
112 to each of the bays 114a-l 14r must be sealed from the primary
corridors 101a, 101b.For example, in one form described with reference Io
the ninth bay 114i depicted in Figure 4 the utilities supplied from the
core 112 could be provided within one or more sealed flexible conduits
193a, 193b passing above, below, and/or through the primary corridor 10 1a.
In the depicted form, the conduits 193a, 193b extend from a fixed location
in the core 112 where the utilities originate and terminate at a location
adjacent to the respective bay 114i. So configured, the one or more
conduits 193a, 193b also pass above, below, and/or through the associated
clean connect area 149L Vloreover, the terminal end of the one or more
conduits 193a, 193b can be removably connected to an external fitting of
the bay 114i with any of the mechanical coupling means described above with
reference to Figures 1-3 such that the bay 114i can be removed and swapped
out for other bays in accordance with the teachings of the present
disclosure. [0082| In another embodiment, the clean connect areas !49a-149r
or portions (e.g., subdivided sections) thereof can serve as a designated
space for personnel to make the 



utility connections between the core 112 and the bays 114a-l 14r. For
example, with reference to the fifth bay 114e depicted in Figure 4, each of
the clean connect areas 149a- 149r could include selectively scalable
openings 195a, 195b on opposing end walls thereof. The opening 195a on the
wall adjoining the core 112 would be for receiving one or more sealed
flexible conduits 193a, 193b from the core 112, and the opening 195b on the
wall adjoining the bay 114e would be for receiving one or more sealed
flexible conduits 193a, 193b from the corresponding bay 114e. So
configured, any method of attaching the bay 114e to the core 112 would
include receiving the conduits 193a, 193b through the respective openings.
Once received, a seal such as a rubber skirt, collar, or other mechanism,
for example, can be closed or constricted around the conduits 193a, 193b to
provide an airtight seal. Thereafter, the clean connect area 149 could be
brought to a state of cleanliness and a technician, for example, positioned
within the clean connect area 149e could then connect the one or more
conduits 193a, 193b extending from the core 112 to the one or more
corresponding conduits 193a, ] 93b extending from the associated bay 114e.
So configured, in this embodiment, the clean connect areas i 49a- 149i ean
provide a "clean" area for making the utility connections in addition to or
as an alternative to providing controlled access to the bays 114a-l 14i, as
described above.|0083| In general, any o f the methods of using the
manufacturing system 10 described above with reference to Figure 1 apply in
the same manner to the system 100 depicted in Figure 4 . However the
methods can also be modified to include various features related more
specifically to the clean connect areas 149a- l49r. For example, one method
of manufacturing a plurality of products using the system 100 depicted in
Figure 4 can further include connecting a first movable bay 114 to a clean
connect area 149 prior to performing a first manufacturing process in the
first movable bay 114. Moreover, the method can include disconnecting the
first movable bay 1 4 from the clean connect area 149 prior to connecting a
different, second movable bay 114 to the same position of the core 112.
Finally, the method can further include connecting the second movable bay
114 to the clean connect area 149 previously occupied by the first movable
bay 114 prior to performing another, second manufacturing process. [00841
In another embodiment, the method can further include connecting entry
points 155a of each of the first and second movable bays 114 to exit points
151b of the clean connect area 149 and connecting exit points 155b of each
of the first and second movable bays 114 to entry points 153a of the clean
connect area 149. Moreover, the method can include disconnecting the entry
point 155a of the first movable bay 114 from the exit point 151b of the
clean connect area 149 and disconnecting the exit point 155b of the first
movable bay 114 from the entry point 153a of the clean connect area 149.
[0085] Still further, the system 100 depicted in Figure 4 can also be
adapted to facilitate the method described above wherein the manufacturing
process is broken into a plurality of sequential portions, each portion
being performed in a separate and distinct manufacturing bay 114. For
example, as discussed above, at the end of each portion of the
manufacturing process, the product is transferred from one bay to another
bay until the desired product or stage of manufacture is produced. As
depicted in Figure 4, each of the bays 114 are disposed side-by-side, and
as such, could include corresponding transfer panels 190 for transferring
the product between the bays 114. In Figure 4, each of the first and second
bays 114a, 114b are illustrated as including a transfer panel 190 that is
aligned with the transfer panel 190 of the other bay, but it should be
appreciated that any or all of the bays 114 could include a similar
transfer panel. In some embodiments, thetransfer panels 190 could merely
include a window, door, or other type of panel that can be opened/closed to
pass product through by hand, tor example. In some embodiments, the
transfer panel 190 can include a scalable conduit that extends between the
first and second bays 114a, 114b for pumping product therebetween. In some
embodiments, the scalable conduits can include, at least in part,
disposable conduits that can be replaced at the end of each manufacturing
cycle for example. |0086| Instead of modifying the system 100 of Figure 4
to include the transfer panels 190, another embodiment could include
controlled corridors 192 disposed between or extending from and connecting
adjacent bays 144 to facilitate transfer of product between 



the bays when performing the sequential manufacturing process. Figure 4
identifies a single controlled corridor 192 disposed between the third and
fourth bays 114c, 114d, but it should be appreciated that similar
controlled corridors 192 could be disposed between or extending from and
connecting any or all of the adjacent bays 114. The air in the controlled
corridors would preferably be maintained at the same classification level
as that maintained in the bays 114, i.e., preferably Class 10,000 such that
manufacturing personnel could travel between bays 114 without compromising
the clean state thereof. Moreover, although not depicted, each of the bays
114 would require at least one door, for example, enabling passage from the
bays 114 to the controlled corridor 192. As such, at the end of a first
portion of a manufacturing process performed in the third bay 114c of
Figure 4, for example, the manufacturing personnel could exit the third bay
114c carrying or otherwise transporting the product into the controlled
corridor 192. Once in the controlled corridor 192, the door to the third
bay 114c would be closed and sealed, and then the door to the fourth bay
114d could be opened to enable the personnel to enter the fourth bay 114d
with the product. [0087] Referring now to Figure 5, a further system 200
constructed in accordance with the principles of the present disclosure is
illustrated including a core 2 12 and a plurality of movable manufacturing
bays 214 connected or connectable to the clean connect core 212. The core 2
12 and the bays 214 can be identical to and include each and every feature
of any of the bays 14, 114 described above, and therefore, each and every
feature will not be repeated.|0088| Similar Io the system 100 described
above with reference to Figure 4, the system 200 includes two primary
corridors 201a, 201 b disposed along the core 212 and between the core 2 12
and the bays 2 14 to provide operating personnel access to the bays 2 14.
Additionally, similar to the system 100 described above with reference to
Figure 4, the system 200 includes a plurality o f clean connect areas 249
disposed or disposable adjacent to a corresponding plurality of the bays 2
14 for controlling access to the bays 214. Still further, although not
shown, the system 100 of Figure 5 could also be equipped to include
transfer panels 1 0 and/or controlled corridors 192 similar to those
described above with reference to the system of Figure 4 for facilitation
transfer of product between the bays 214 if desired. In Figure 5, the
system 200 includes first through fifth movable bays 2 l4a-2 14e coupled to
a corresponding first through fifth clean connect areas 249a- 249e. A sixth
clean connect area 249f coupled to the core 2 12 remains open and available
for being coupled to another movable bay 214. While the system 200 in
Figure 5 only includes six clean connect areas 249 coupled to the core 212,
this is only an example, the system 200 could include any number of clean
connect areas 249. Unlike the system 100 described with reference to Figure
4, however, each of the clean connect areas 249 of the system 200 depicted
in Figure S includes a male component 271 and a female component 273. In
Figure 5, the male and female components 271 , 273 of the clean connect
areas 249 are illustrated schematically to convey the general concept. Any
practical embodiment of such components 271, 273 may not necessarily assume
the form depicted, especially in terms of shape, scale, dimension,
proportion, etc. [0089] Each of the male components 271 is fixedly
connected to one of the plurality of movable manufacturing bays 214. Each
of the female components 273 is fixedly connected to the core 212, adjacent
to one of the primary corridors 201a, 201b. In alternative embodiments, the
male components 271 can be fixedly coupled to the core 2 12 and the female
components 273 can be fixedly coupled to the bays 214. As such, when a bay
214 is coupled to the core 212, a tongue 271a of the male component 271 of
the clean connect area 249 is disposed within a recess 273a in the female
component 273 to interlock the bay 214 to the core 2 12. Such interlocking
configuration of the male and female components 271, 273 of the clean
connect areas 249 can assist in properly aligning the bays 214 to the core
2 12 to ensure that any connections for the utilitiessupplied from the core
2 12 can properly align with connections carried by the bays 2 14 and/or
clean connect areas 249. To facilitate the passage of operating personnel
between the male component 27 1 and the female component 273, each can be
equipped with entry and exit points similar to the entry and exit points
between the clean connect areas 149 



and bays 114 described above with reference to the system 100 depicted in
Figure 4 . Therefore, the details will not be repeated. Other features and
characteristics of the clean connect aieas 249 can be identical to and
include each and every feature of the clean connect areas 149 described
above, and therefore, will not be repeated. |0090| With continued reference
to Figure 5, the two corridors 201a, 201b of the system 200 are connected
to a controlled area 279, which is in turn connected to an uncontrolled
area 28 1. A "controlled area," as used herein, means an area that is
maintained to satisfy a "clean air" standard such as one of the clean air
standards discussed hereinabove. As such, an "uncontrolled area," as used
herein, is an area that is not maintained in accordance with a "clean air"
standard. The uncontrolled area 28 1 can be further connected to one or
more changeover facilities 283 via controlled and/or uncontrolled corridors
285. The changeover facilities 283 can be adapted to receive one or more
bays 214 for cleaning or changing the components therein in preparation to
perform additional runs of the same manufacturing processes or perform
different manufacturing processes, identical to that which was described
above with respect to the holding areas 24 of the system 10 depicted in
Figures 1-3. As depicted on the left-hand side of Figure 5, the changeover
facilities 283 can have a plurality of female components 273 adapted to
receive male components 271 to establish clean connect areas 249 between
the changeover facility 283 and the bays 214. As such, operating personnel
can access the bays 214 from the uncontrolled corridors 285 through the
clean connect areas 249 in a manner identical to that which was described
above with reference to Figure 4 . Although not depicted, the changeover
facility 283 on the right-hand side of Figure 5 can be equipped in a manner
identical to the changeover facility 283 on the left-hand side of Figure 5.
[0091 1 Still referring to Figure 5, the system 200 is further distinct
from the systems 10, 100 described above in that the core 212 includes two
separate core components 2 12a,2 12b connected together at an adjoining
wall 2 13. In essence, the two core components 2 12a, 2 12b arc extensions
of each other and operate in conjunction to provide utilities to the
plurality of bays 2 14, as needed. In one embodiment, each core component 2
12a, 212b is movable such that, if desired, (he system 200 could operate
with a single core component, such as core component 2 12b, for example.
Moreover, it is foreseeable that the system 200 could be equipped with
additional core components (not shown) that could be moved into position
and connected to the existing core 2 12 to increase the operating capacity
of the entire system 200. These additional core components could be
attached to the end of core component 2 12b, as illustrated by the arrow in
Figure 5. [00921 In view of the foregoing, it should be appreciated that
any of the methods of using the manufacturing systems 10, 100 described
above with reference to Figure I and Figure 4 apply in the same manner to
the system 200 depicted in Figures 5 and 7, and therefore, the details
thereof will not be repeated. [00931 Thus far, the present disclosure has
described various systems 10, 100, 200, 400 wherein movable bays 14, 114,
214, 4 14 are connected or connectable to a core 12, 112, 212, 414 that
supplies various utilities to the bays 14, 114, 214, 414. In each of the
disclosed embodiments, the core 12, 112, 2 12, 412 is located beside the
bays 14, 114, 2 14, 414. In an alternative embodiment, a system constructed
in accordance with the present disclosure can be configured such that at
least some of the utilities can be supplied to the bays 14, 114, 214, 414
from above to obtain various advantages, such as for example advantages
associated with utilizing the force of gravity to deliver the utilities
and/or advantages of spatially separating the locations of utility
couplings and personnel access. [0094] For example, Figure 6 partially
depicts an alternative embodiment of a system 300 constructed in accordance
with the present disclosure wherein one bay 3 14 of a plurality of bays is
removably coupled to a core 3 12 via a clean connect area 349 and removably
coupled beneath an upper docking collar 391 . While Figure 6 illustrates a
single upper docking collar 391 , the system 300 could include a plurality
of docking collars 39 1disposed at a plurality of locations, respectively,
on the core 3 12, at which any 



one of a plurality of bays 314 could be docked. The plurality of docking
collars 391could be entirely independent, separate and disconnected from
each other, connected, or contiguous. For example, although die description
and claims may refer to a first docking collar, a second docking collar,
etc., these two components may be portions of a single contiguous docking
collar. Ln interstitial maintenance space 392 separates the upper docking
collar 391 from the top of the bay 314 when the bay 314 is connected to the
core 312. In the disclosed embodiment, the upper docking collar 391 extends
outward from and is fixedly coupled to the core 312. Similar to the core
312, the upper docking collar 391 is isolated from the bay 314 such that
operating personnel cannot pass between the bay 314 and the upper docking
collar 391. In some embodiments, personnel can pass between the upper
docking collar 391 and the core 312. [0095| As mentioned, the upper docking
collar 391 supplies one or more utilities to the bay 3 14. This can be
facilitated by the incorporation of one or more conduits 393 extending
downward from the upper docking collar 39 1to the bay 314. That is, the
collar 391 could include ports for connecting to the conduits 393, which in
some embodiments could include lines, such as gamma irradiated disposable
lines with valves for liquid transfer, for example. When the bay 3 14 is
moved into position beneath the upper docking collar 391, as depicted
maintenance personnel can access the interstitial maintenance space 392 to
make the connections between the upper docking collar 391 and bay 314 with
the one or more conduits 393. It is foreseeable that the one or more
conduits may include electrical lines, data lines, air ducts, fluid lines,
gas lines, etc. [0096] In one embodiment, the one or more utilities
supplied from the upper docking collar 391 includes one or more of (a)
clean air, (b) clean water, (c) electricity, (d) oxygen, (e) carbon
dioxide, (f) a nutritional media, (g) a dilution buffer, (h) a purification
media, and (i) a local area network. Other embodiments could include other
utilities supplied from the upper docking collar 39 1. To supply clean air
to the bay 314, the upper docking collar 39 1can be equipped with HVAC
equipment. Positioning the HVAC equipment in the upper docking collar 391
above the bay 314 maximizes the amount of space available for exhausting
heat and related gases through a roof 391 a of the upper docking collar 391
. Additionally, when the HVAC equipment is used to provide cool air to the
bay 314, positioning the HVAC equipment above the bay 314 facilitates
thedelivery of the cool air, which is heavier than warm air, and therefore
naturally travels downward under the force of gravity. Moreover, storing
clean water and the various liquid media, which is utilized during
bio-manufacturing processes, in the upper docking collar 39 1allows for
gravity feeding, which eliminates or at least reduces the number of pumps
required in the system. Reducing or eliminating the number of pumps
required to operate the manufacturing facility can advantageously reduce
energy costs, maintenance costs, and heat generation, as well as increase
the overall efficiency of the system. [0097J In general, any of the methods
of using the manufacturing systems 10, 100, 200, 400 described above with
reference to Figure 1, 4, 5, and 7 apply in the same manner to the system
300 depicted in Figure 6. However, the methods can also be modified to
include various features related to the clean connect area(s) 149 and/or
upper docking collar(s) 391 . For example, any method of manufacturing a
plurality of products using (he system 300 can further include connecting
one or more movable bays 314 to one or more corresponding upper docking
collars 391 prior to performing manufacturing processes in the movable bays
3 14. Moreover, any method of using the system 300 can further include
delivering one or more utilities under the force of gravity from the upper
docking collars 391 to the bays 3 14 during the respective manufacturing
processes. [0098] Moreover, in some embodiments, the force of gravity can
be utilized to deliver one or more utilities to the bays without using the
upper docking collar 391 described with reference top Figure 6. For
example, as described above with reference to Figures 4 and 7, in some
embodiments, the utilities can be supplied to the bays 114, 414 from the
core 112, 412 via conduits 193a, 193b, 415. As discussed above, the
conduits 193a, 193b, 4 15 can be arranged to travel from the core 112, 412
above the bays 114, 414 such that they drop down and connect to the bays
114, 414. In such a configuration, at least some of the utilities delivered
via the conduits 193a, 193b, 4 15 could experience the force 



of gravity upon entering the bays 114, 414. Thus, it should be appreciated
that delivering utilities to the bays 14, 114, 214, 314, 414 is not limited
to an embodiment that requires an upper docking collar 391 , but rather,
the upper docking collar 391 is merely one embodiment for accomplishing
this.|00 | While various methods of manufacturing products have been
described herein as being distinct methods, it should be appreciated that
any aspect o f the various methods, or the entire methods, may be combined
with the other methods to construct a single method of manufacturing
utilizing the system 10 disclosed herein. [001001 While the hays of the
various embodiments of the systems described herein have been generally
depicted as including static dimensions defining, some embodiments of the
bays could be equipped with movable walls pop-out walls, or sections, for
example, that would enable the size of the workspace to be altered. So
configured, the workspace size could be increased to accommodate large
capacity manufacturing processes, and/or the external dimensions of the
bays could be decreased to facilitate the maneuverability of the bays
during transport. [00101 1 The foregoing embodiments serve only to
illustrate the invention and are not intended to limit the scope of the
invention in any way. While the inventions have been described with an
emphasis upon preferred embodiments, it will be obvious to those of
ordinary skill in the art that variations of the preferred arrangements and
components may be used within the manufacturing system and variations of
the methods may be used. It is thus intended that the invention may be
practiced otherwise than as specifically described herein. Accordingly,
this invention includes all modifications encompassed within the spirit and
scope of the invention as defined by the following aspects, which represent
a non-exhaustive listing of examples or embodiments of the invention, and
the appending claims. [00102] Aspect 1: A manufacturing system comprising:
a core adapted to supply two or more utilities to one or more manufacturing
bays, wherein at least two of the two or more utilities are selected from
the group consisting of (a) clean air, (b) clean water, (c) electricity,
(d) oxygen, and (e) carbon dioxide; a first movable manufacturing bay
removably coupled to or adapted to be removably coupled to the core and for
receiving the utilities; a first workspace defined by the first movable
manufacturing bay and accommodating a first facility for performing a first
manufacturing process; a second movable manufacturing bay removably coupled
to or adapted to be removably coupled to the core and for receiving the
utilities; and a second workspace defined by the secondmovable
manufacturing bay, the second workspace isolated from the first workspace
and accommodating a second facility for performing a second manufacturing
process in parallel with the first facility performing the first
manufacturing process. (00103| Aspect 2: A manufacturing system,
comprising: a core for supplying one or more utilities to one or more
manufacturing bays; a first movable manufacturing bay removably coupled to
or adapted to be removably coupled to the core for receiving the one or
more utilities; a first workspace defined by the first movable
manufacturing bay and accommodating a first facility for performing a first
manufacturing process; a first clean connect area adapted to be coupled to
the first movable manufacturing bay and selectively isolated from the first
workspace, the first clean connect area for performing at least one of the
following functions when coupled to the first movable manufacturing bay.
(a) controlling personnel flow to and from the first movable manufacturing
bay and (b) providing a clean area for connecting the utilities between the
core and the first movable manufacturing bay; a second movable
manufacturing bay removably coupled to or adapted to be removably coupled
to the core for receiving the one or more utilities; a second workspace
defined by the second movable manufacturing bay, the second workspace
isolated from the first workspace and accommodating a second facility for
performing a second manufacturing process in parallel with the first
facility performing the first manufacturing process; and a second clean
connect area adapted to be coupled to the second movable manufacturing bay
and selectively isolated from the second workspace, the second clean
connect area for performing at least one of the following functions when
coupled to the second movable manufacturing bay: (a) controlling 



personnel flow to and from the second movable manufacturing bay and (b)
providing a clean area for connecting the utilities between the core and
the second movable manufacturing bay. [00104| Aspect 3: A manufacturing
system comprising: a core supplying one or more utilities to one or more
manufacturing bays; a first movable manufacturing bay removably coupled to
or adapted to be removably coupled to the core and receiving the utilities;
a first workspace defined by the first movable manufacturing bay and
accommodating a first facility for performing a first manufacturing
process; a second movablemanufacturing bay removably coupled to or adapted
to be removably coupled to the core and receiving the utilities; a second
workspace defined by the second movable manufacturing bay, the second
workspace isolated from the first workspace and accommodating a second
facility for performing a second manufacturing process; and a surface
(e.g., wall, floor, counter and/or sink) or area, e.g., for aseptic
processing disposed within one of the first and second movable
manufacturing bays, the surface having one, two, three or all organism
counts selected from the group consisting of: (a) viable particulate air
organism count of < 100 CFU/m', (b) settling plate organism count of < 50
CFU/4 hours, and (c) Replicate Organisms Detection and Counting (RODAC)
plate organism count of < 25 CFU/plate. |00105| Aspect 4; A manufacturing
system, comprising: a core for supplying a plurality of utilities; a first
movable manufacturing bay removably coupled to the core for receiving the
one or more utilities; a first workspace defined by the first movable
manufacturing bay and accommodating a first facility for performing a first
manufacturing process; a first upper docking collar disposed above and
removably coupled to the first movable manufacturing bay when the first
movable manufacturing bay is connected to the core, the first upper docking
collar for supplying at least one utility to the first manufacturing bay
that is distinct from each of the plurality of utilities supplied by the
core; a second movable manufacturing bay removably coupled to the core for
receiving the one or more utilities; a second workspace defined by the
second movable manufacturing bay, the second workspace isolated from the
first workspace and accommodating a second facility for performing a second
manufacturing process; and a second upper docking collar disposed above and
removably coupled to the second movable manufacturing bay when the second
movable manufacturing bay is connected to the core, the second upper
docking collar for supplying at least one utility to the second
manufacturing bay that is distinct from each of the plurality of utilities
supplied by the core. [00106] Aspect 5: The system of any one of the
preceding aspects, wherein the first and second movable manufacturing bays
are not connected to each other.[001071 Aspect 6: The system of any one of
the preceding aspects, further comprising: a first clean connect area
adapted to be disposed adjacent the first movable manufacturing bay when
the first movable manufacturing bay is connected to the core, the first
clean connect area for performing at least one of the following (unctions:
(a) controlling access to and from the first movable manufacturing bay and
(b) providing a clean area for connecting the utilities between the first
movable manufacturing bay and the core; and a second clean connect area
adapted to be disposed adjacent to the second movable manufacturing bay
when the second movable manufacturing bay is connected to the core, the
second clean connect area for performing at least one of the following
functions: (a) controlling access to and from the second movable
manufacturing bay and (b) providing a clean area for connecting the
utilities between the second movable manufacturing bay and the core.
[00108| Aspect 7: The system of any one of the preceding aspects, wherein
at least a portion of the first clean connect area is coupled to the core
and adapted to be removably coupled to the first movable manufacturing bay,
and at least a portion o f the second clean connect area is coupled to the
core and adapted to be removably coupled to the second movable
manufacturing bay. [00109] Aspect 8: The system of any one of the preceding
aspects, wherein each of the first and second clean connect areas comprises
a bay entry portion and a bay exit portion 



isolated from each other. [001 10] Aspect 9: The system of any one of the
preceding aspects, wherein the bay entry portion of each of the first and
second clean connect areas comprises an exit point adapted to be connected
to an entry point of the first and second movable manufacturing bays,
respectively, such that operating personnel can pass from the first and
second clean connect areas into the first and second movable manufacturing
bays, respectively, when the first and second movable manufacturing bays
are connected to the core, and the bay exit portion of each of the first
and second clean connect areas comprises an entry point adapted to be
connected to an exit point of the first and second movable manufacturing
bays, respectively, such that operating personnel can pass from the first
and secondmovable manufacturing bays into the first and second clean
connect areas, respectively, when the first and second movable
manufacturing bays are connected to the core. [0Ot 11 1 Aspect 10: The
system o f any one of the preceding aspects, wherein the first and second
movable manufacturing bays are sealed from the core, except for the supply
of the two or more utilities, when the first and second movable bays arc
removably coupled to the core. [001 12| Aspect 11: The system o f any one
of the preceding aspects, wherein the core is sealed from receiving
incoming material from the first and second movable manufacturing bays.
[001 13) Aspect 12: The system of any one of the preceding aspects, further
comprising: first and second outlets associated with the core, each of the
first and second outlets adapted to discharge at least one of the
utilities: at least one first inlet associated with the tlrst movable
manufacturing bay, the at least one first inlet adapted to be removably
coupled to the first outlet of the core; and at least one second inlet
associated with second movable manufacturing bay, the at least one second
inlet adapted to be removably coupled to the second outlet of the core.
[001 14] Aspect 13: The system of any one of the preceding aspects, wherein
each of the first and second outlets of the core comprises a plurality of
outlets, each of the plurality of outlets adapted to supply a distinct
utility of the two or more utilities, and each of the first and second
inlets of the first and second movable manufacturing bays, respectively,
comprises a plurality of inlets adapted to be removably coupled to the
plurality of outlets of the first and second outlets of the core,
respectively, each of the plurality of first inlets for receiving a
distinct utility from one of the plurality of first outlets and each of the
plurality of second inlets for receiving a distinct utility from one of the
plurality of second outlets. [001 15) Aspect 14: The system of any one of
the preceding aspects, wherein each of the first and second facilities
comprises a plurality of components, each of which is adapted to perform
one or more steps of a chemical, a biological, or a pharmaceutical
manufacturing process.|00l I6| Aspect 15 : The system of any one ofthe
preceding aspects, wherein the plurality of components comprises at least
one of a cultiiriiig component, a harvesting component, a purifying
component, a biosafety cabinet, one or more culture flasks, an incubator, a
carbon dioxide incubator, a cell counter, a cell viability measuring
device, an osmolarity measuring device, a metabolite measuring device, a
lactate dehydrogenase measuring device, a sealer, sterile connecting
devices, a microscope, a water bath, a peristaltic pump, a biureactor,
including single use or disposable biorcactors, a wave bioreactor, a media
batch tank, a buffer holding tank, an agitator, a sparger, a Sight house
for plants, a tank for growing algae/duckweed, a room for mushrooms, a
pump, a piston pump, a diaphragm pump, a rotary lobe pump, a positive
displacement pump, a flow control valve, a centrifuge component, a disk
stack centrifuge, a pressure regulator, a surge tank, a cell lysis
component, a mechanical disruptor, a shredder and/or extractor and/or
vacuum system for separating proteins from plants, algae or mushrooms, a
depth filter component, a clarification filter, a holding tank, an
ultrafiltration component, a diafiltration component, an
ultrafiltration/'diafiltration system, a drain line, a heat removal
component, a recirculation tank jacket, a heat exchanger, a laminar flow
hood, a freezing system, one or more cryovessels, one or more cold baths,
one or more liquid nitrogen 



systems one or more freeze/thaw components, a spray-dryer, a freeze-dryer,
a buffer dilution skid, an ion exchange chromatography column or membrane
or skid or bed, an affinity chromatography column or membrane or skid or
bed, a hydrophobic interaction chromatography column or membrane or skid or
bed, a hydrophobic charge induction chromatography column or membrane or
skid or bed, a liquid chromatography column or membrane or skid or bed, a
high pressure liquid chromatography column or membrane or skid or bed, a
gas chromatography column or membrane or skid or bed (for both separation
of organic molecules and for analysis), other separation technologies, a
size exclusion chromatography column or membrane or skid or bed. a metal
affinity chromatography column or membrane or skid or bed, a protein A
chromatography column or membrane or skid or bed, a hydroxyapatite column
or membrane or skid or bed, disposable purification systems, process
control systems, a filter housing, an ultraviolet analyzer, a conductivity
probe, a steam seal, a steam trap, a glasswasher, an autoclave, a
sterilizing filter, one or more sterile containers, one or more sterile
vials, oneor more sterile syringers, a lyophilizer. a fume hood (optionally
connected to an outlet in the bay) and related equipment for chemical
synthesis, an evaporator for removing solvents (optionally connected to an
outlet in the bay), a crystallization system for purifying organics, one or
more computer networks for individual bays and for the core facilities, one
or more analytical devices for assaying products, electrophoresis equipment
(eg, SDS-PLGE), a pH meter, a mass spectrometer, an IR spectrometer, a UV
spectrophotometers (for analysis or detection during processing) in-line
analytics attached to fermentation and purification systems, disposable
fermentation systems from 2OL - 5000L or more using stir (e.g., Xcellerex)
or movement (e.g., GE Healthcare Wave), centri fugation equipment for
either discontinuous or continuous separation, clean air hoods or
containment systems for filling, wiring for or wireless systems for
monitoring or automated processes, gas lines for clean air or specialty
gases, water lines, pumps for fluid transfer, containers for product
collection, freezer and cold room areas, non-aqueous solvent storage
systems, control systems and specialty software for automation and
apparatus controls. [001 17| Aspect 16 : The system of any one of the
preceding aspects, wherein the plurality of components comprises at least
one of a culturing component, a harvesting component, one or more culture
flasks, an incubator, a carbon dioxide incubator, a cell counter, a
bioreactor, a media batch tank, a cell lysis component, an autoclave, a
sterilizing filter, electrophoresis equipment such as an SDS-PAGE. [001 18)
Aspect 17: The system of any one of the preceding aspects, wherein the
plurality of components comprises at least one of a purifying component, a
biosafety cabinet, a sparger, a mechanical disruptor, an ultrafiltration
component, a diafiltration component, an ultraf ltration/diafiltration
system, a laminar flow hood, one or more cryovessels, an ion exchange
chromatography column or membrane or skid or bed, an affinity
chromatography column or membrane or skid or bed, a hydrophobic interaction
chromatography column or membrane or skid or bed, a hydrophobic charge
induction chromatography column or membrane or skid or bed, a size
exclusion chromatography column or membrane or skid or bed, a metal
affinity chromatography column or membrane or skid or bed, a protein A
chromatography column or membrane or skid orbed, a hydroxyapatile column or
membrane or skid or bed, a liquid chromatography column or membrane or skid
or bed, a high pressure liquid chromatography column or membrane or skid or
bed, a gas chromatography column or membrane or skid or bed, a lyophili/er,
one or more extractor systems, one or more evaporators each with an outlet
in the bay, crystallization systems for purifying organics, one or more
in-line analytics attached to fermentation and purification systems, one or
more disposable fermentation systems. [001 19] Aspect 18: The system of any
one of the preceding aspects, wherein the culturing component comprises a
bioreactor. [00120] Aspect 19: The system of any one of the preceding
aspects, wherein the purifying component comprises a chromatography system.
[001 2 1] Aspect 20: The system of any one of the preceding aspects,
wherein the first 



movable manufacturing bay comprises a first control system for controlling
the first manufacturing process, and the second movable manufacturing bay
comprises a second control system for controlling the second manufacturing
process independent of the first manufacturing process. [00122] Aspect 21:
The system of any one of the preceding aspects, wherein each of the first
and second movable manufacturing bays comprises a drain for discharging
waste generated during the first and second manufacturing processes,
respectively. [00123] Aspect 22: The system of any one of the preceding
aspects, wherein at least one of the bay entry portion and the bay exit
portion of each of the first and second clean connect areas contains no
more than approximately 10,000 particles 0.5 microns and larger per cubic
foot of air. [00124] Aspect 23: The system of any one of the preceding
aspects, wherein each of the first and second workspaces defined by the
first and second movable manufacturing bays, respectively, contains a
number of particles that are 0.5 microns and larger per cubic foot of air,
the number being in the range of approximately 1 to approximately
100,000.|00125| Aspect 24: The system of any one of the preceding aspects,
wherein the number of particles is approximately 10,000. [001 26] Aspect
25: The system of any one of the preceding aspects, further comprising: a
first upper docking collar adapted to be disposed above the first movable
manufacturing bay and removably connected to the first movable
manufacturing bay when the first movable manufacturing bay is connected to
the core, the first upper docking collar containing at least one utility
for being supplied to the first workspace while performing the first
manufacturing process; and a second upper docking collar adapted to be
disposed above the second movable manufacturing bay and removably connected
to the second movable manufacturing bay when the second movable
manufacturing bay is connected to the core, the second upper docking collar
containing at least one utility for being supplied to the second workspace
while performing the second manufacturing process. [00127] Aspect 26: The
system of any one of the preceding aspects, wherein the first and second
upper docking collars are fixedly coupled to the core. ]00128| Aspect 27:
The system of any one of the preceding aspects, wherein the at least one
utility contained within the first and second upper docking collars is
selected from the group consisting of: (a) clean air, (b) clean water, (c)
electricity, (d) oxygen, (e) carbon dioxide, (f) a nutritional media, (g) a
dilution buffer, (h) a purification media, and (i) a local area network.
[00129] Aspect 28: The system of any one of the preceding aspects, wherein
at least one of the first movable manufacturing bay and the second movable
manufacturing bay comprises a hood for aseptic processing, the hood having
one, two, three or all organism counts selected from the group consisting
of: (a) viable particulate air organism count of < 1 CFU/m , (b) settling
plate organism count of < 1 CFU/4 hours, (c) Replicate Organisms Detection
and Counting (RODAC) plate organism count of < 1 CFU'plate, and (d) touch
plate organism count of < 1 CFU/plate. [001301 Aspect 29: The system of any
one of the preceding aspects, wherein at least one of the first movable
manufacturing bay and the second movable manufacturing baycomprises a
surface (e.g., wall, floor, counter and/or sink) or area, e.g., for aseptic
processing, the surface having one, two, three or all organism counts
selected from the group consisting of: (a) viable particulate air organism
count of < 10 CFU/nr , (b) settling plate organism count of < 5 CFU/4
hours, (c) Replicate Organisms Detection and Counting (RODLC) plate
organism count oi'  5 CFU/plate. and (d) touch plate organism count o ( 5
CFU/plate. [0013 11 Aspect 30: The system of any one of the preceding
aspects, wherein at least one of the first movable manufacturing bay and
the second movable manufacturing bay comprises a surface (e.g., wall,
floor, counter and/or sink) or area, e.g., for fermentation and/or
purification processes, the surface having one, two, three or all organism
counts selected from the group consisting of: (a) viable particulate air
organism count of < 100 



CFU/m !, (b) settling plate organism count of < 50 CFU/4 hours, and (c)
Replicate Organisms Detection and Counting (RODAC) plate organism count of
<25 CFU/plate. (00132| Aspect 31: The system of any one of the preceding
aspects, further comprising one of a transfer panel and a controlled
corridor disposed between the first and second movable manufacturing bays
for facilitating the transfer of product therebetween. (00133[ Aspect 32:
The system of any one of the preceding aspects, further comprising a
housing containing at least one of the core, the first movable
manufacturing bay, and the second movable manufacturing bay. [00134] Aspect
33: The system of any one of the preceding aspects, further comprising a
housing containing the core, the first movable manufacturing bay, and the
second movable manufacturing bay. [00135] Aspect 34: The system of any one
of the preceding aspects, wherein the housing comprises a holding area
disposed away from the core where each of the first and second movable
manufacturing bays can be positioned to undergo a cleaning operation,
whereby the workspaces of the first and second movable manufacturing bays
are cleaned, or a change-over operation, whereby the facilities of the
first and second movable manufacturing bays are altered.[001 6 1 LsjKct 5
Ihe system oi anv one ol the preceding aspects, hcicin the coie, the firht
men ibc inanutactuimg bay, and the second movable manufactui ing bay are
arranged m hub and spoke configuration with the first and second movable
manufactui ing bays cirtunifcientiallv spactd around the core [00137]
Aspect 16 L method of manufacturing a plurality of products comprising
removably connecting a first movable bay to a core, performing a f ist
manufacturing process with a Inst configuration of components disposed
within the first mov able bay to manufactiii e a first pioduct,
disconnecting the first movable bay from the core, establishing a second
configuration of components within the first movable bay, ieconnccting the
first movable bay to the core, and performing a second manufacturing
process v"ith the second configuration ot components to manufacture a
second pioduct, the second manufacturing process being distinct from the
first manufacturing process |00138| Aspect 37 A method of manufacturing a
plurality of products, comprising removably connecting a first movable bay
to a first position of a core, the first position selected from a plurality
of positions, performing a first manufacturing process with a configuration
of components disposed within the first movable bay to manufacture a first
product, disconnecting the first mov able bay from the first position of
the core, removablv connecting a second movable bay to the first position
of the core, and performing a second manufacturing process with a
configuration of components disposed within the second movable bay to
manufacture a second product [00139) Aspect 38 A method of manufacturing,
comprising selecting a first bay from a plurality of available bays,
removably connecting the first bay to the core, selecting a second bay from
the plurality of available bays, removably connecting the second bay to the
core, performing a first manufacturing process with a first set of
components disposed within the first bay to manufacture a first product,
and performing a second manufacturing process in parallel with the first
manufacturing process with a second set of components disposed within the
second bay to manufacture a second product [00140] Aspect 9 . method of
manufacturing, comprising selecting a first bay from a plurality of
available bays, moving the first bay to a position outside ot a core,
removably connecting the first bay to the core, selecting a second bay from
the pluralityof available bays; moving the second bay to a position outside
of the core; removably connecting the second bay to the core; performing a
first manufacturing process for a first product with a first set of
components disposed within the first bay to bring the first product to a
first stage of manufacture; and performing a second manufacturing process
for the first product with a second set of components disposed within the
second bay to bring the Iirst product to a second stage of manufacture.
|00141 1 Aspect 40: The method of any one of the preceding aspects, further
comprising supplying at least one utility to the first movable bay, or to
the first and second movable bays, from the core when the first movable bay
is, or the first and second 



movable bays are, connected to the core, the at least one utility
comprising at least one of (a) clean air, (b) clean water, (c) electricity,
(d) oxygen, or (e) carbon dioxide. [00142] Aspect 4 1: The method of any
one of the preceding aspects, further comprising supplying two or more
utilities to the first movable bay, or to the first and second movable
bays, from the core, at least two of the two or more utilities selected
from the group consisting of (a) clean air, (b) clean water, (c)
electricity, (d) oxygen, and (e) carbon dioxide. [00143| Aspect 42: The
method of any one of the preceding aspects, further comprising supplying
three or more utilities to the first movable bay, or to the first and
second movable bays, from the core, at least three of the three or more
utilities selected from the group consisting of (a) clean air, (b) clean
water, (c) electricity, (d) oxygen, and (e) carbon dioxide. [00144] Aspect
43: The method of any one of the preceding aspects, wherein removably
connecting the first movable bay to the core comprises connecting at least
one inlet of the first movable bay to at least one outlet of the core,
wherein the at least one outlet of the core supplies at least one utility,
disconnecting the first movable bay from the core comprises disconnecting
the at least one inlet of the first movable bay from the at least one
outlet of the core, and re-connecting the first movable bay to the core
comprises re-connecting the at least one inlet of the first movable bay to
the at least one outlet of the core.[00145| Aspect 44: The method of any
one of the preceding aspects, wherein removably connecting the first and
second movable bays to the core comprises connecting at least one inlet of
the first and second movable bays to at least one outlet of the core,
wherein the at least one outlet of the core supplies at least one utility.
|00]46| Aspect 45: The method of any one of the preceding aspects, wherein
connecting lhe at least one inlet of the first and second movable bays to
the at least one outlet of the core comprises connecting a plurality of
outlets of the core to a plurality of inlets of the first and second
movable bays, wherein each of the plurality of outlets supplies a distinct
utility. [00147J Aspect 46: The method of any one of the preceding aspects,
further comprising: removably connecting the first movable bay to a first
clean connect area prior to performing the first manufacturing process, the
first clean connect area for performing at least one of the following
functions (a) controlling personnel flow to and from the first movable bay
and (b) providing a clean area for connecting the utilities between the
core and the first movable bay; disconnecting the first movable bay from
the first clean connect area prior to removably connecting the second
movable bay to the first position of the core; and removably connecting the
second movable bay to the first clean connect area prior to performing the
second manufacturing process. |00148) Aspect 47: The method of any one of
the preceding aspects, wherein removably connecting the first and second
movable bays to the first clean connect area comprises connecting an entry
point of each of the first and second movable bays to an exit point of the
first clean connect area and connecting an exit point of each of the first
and second movable bays to an entry point of the first clean connect area;
and disconnecting the first movable bay from the first clean connect area
comprises disconnecting the entry point of the first movable bay from the
exit point of the first clean connect area and disconnecting the exit point
of the first movable bay from the entry point of the first clean connect
area. (00149| Aspect 48: The method of any one of the preceding aspects,
further comprising: removably connecting the first movable bay to a first
upper docking collar located above the first movable bay when the first
movable bay is connected to the firstposition of (he core prior to
performing the first manufacturing process, the first upper docking collar
adapted to deliver the one or more utilities to the first movable bay
during the first manufacturing process; and removably connecting the second
movable bay to the first upper docking collar located above the second
movable bay when the second movable bay is connected to the first position
of the core prior to performing the second manufacturing process, the first
upper docking collar adapted to deliver the one or more 



utilities to the second movable bay during the second manufacturing
process. |00150| Aspect 49: The method of any one of the preceding aspects,
further comprising delivering one or more utilities from the first upper
docking collar to at least one of the first and second movable bays during
at least one of the first and second manufacturing processes. [00151 ]
Aspect 50: The method of any one of the preceding aspects, further
comprising: moving the first movable bay to a holding area disposed away
from the core after disconnecting the first movable bay from the core, and
(i) cleaning the first movable bay or (ii) establishing a different
configuration o f components within the first movable bay. [001 521 Aspect
5 1: The method of any one of the preceding aspects, further comprising:
moving the first bay adjacent to the core after selecting the first bay;
and moving the second bay adjacent to the core after selecting the second
bay. [00153] Aspect 52: The method of any one of the preceding aspects,
further comprising: selecting a third bay from the plurality of available
bays; removably connecting the third bay to the core; performing a third
manufacturing process in parallel with at least one of the first and second
manufacturing processes with a third set of components disposed within the
third bay to manufacture a third product. [00154] Aspect 53: The method of
any one of the preceding aspects, wherein removably connecting the first
bay to the core comprises connecting at least one first inlet of the first
bay to at least one first outlet of the core; and removably connecting the
second bay to the core comprises connecting at least one second inlet of
the second bay to at least one second outlet of the core.|0015S| Lspccl 54:
The method of any one of the preceding aspects, further comprising:
removably connecting the first bay to a first clean connect area prior to
performing the first manufacturing process, the first clean connect area
for performing at least one of the following functions (a) controlling
personnel flow to and from the first bay and (b) providing a clean area for
connecting the utilities between the core and the first bay; remov ably
connecting the second movable bay to a second clean connect area prior to
performing the second manufacturing process, the second clean connect area
for performing at least one o f the following functions (a) controlling
personnel flow to and from the second bay and (b) providing a clean area
for connecting the utilities between the core and the second bay. |00156|
Aspect 55: The method of any one of the preceding aspects, wherein
removably connecting the first bay to the first clean connect area
comprises connecting an entry point of the first bay to an exit point of
the first clean connect area and connecting an exit point o f the first bay
to an entry point of the first clean connect area; and removably connecting
the second bay to the second clean connect area comprises connecting an
entry point of the second bay to an exit point of the second clean connect
area and connecting an exit point of the second bay to an entry point of
the second clean connect area. [001571 Aspect 56: The method of any one of
the preceding aspects, further comprising: removably connecting the first
bay to a first upper docking collar located above the first bay when the
first bay is connected to the core prior to performing the first
manufacturing process, the first upper docking collar adapted to deliver
the one or more utilities to the first bay during the first manufacturing
process; and removably connecting the second bay to a second upper docking
collar located above the second bay when the second bay is connected to the
core prior to performing the second manufacturing process the second upper
docking collar adapted to deliver the one or more utilities to the second
bay during the second manufacturing process. [00158] Aspect 57: The method
of any one ofthe preceding aspects, further comprising delivering one or
more utilities from the first upper docking collar to the firstbay during
the first manufacturing process, delivering one or more utilities from the
second upper docking collar to the second bay during the second
manufacturing process. [00159] Aspect 58: The method of any one of the
preceding aspects, further comprising: controlling the first manufacturing
process with a first control system 



associated with the first bay; and controlling the second manufacturing
process with a second control system associated with the second bay, the
first and second control systems being distinct control systems. [00160]
Aspect 59: The method of any one of the preceding aspects, wherein
controlling the second manufacturing process comprises controlling the
second manufacturing process independently of the first manufacturing
process. [00161 ] Aspect 60: The method of any one of the preceding
aspects, further comprising: disconnecting the first bay from the core
after performing the first manufacturing process; moving the first bay to a
holding area disposed away from the core; performing at least one of the
following operations: (a) cleaning the first set of components to define a
third set of components, (b) reconfiguring the first set of components to
define a third set of components, and (c) replacing at least some of the
first set of components with a third set of components; removably
re-connecting the first bay to the core; and performing a third
manufacturing process with the third set of components in the first bay in
parallel with the second set of components in the second bay performing the
second manufacturing process. [00162] Aspect 6 1: The method of any one of
the preceding aspects, further comprising moving the first bay to a
position adjacent to the core prior to removably re connecting the first
bay to the core. [00163] Aspect 62: The method of any one of the preceding
aspects, further comprising moving the first product at the first stage of
manufacture from the first bay to the second bay. [00164] Aspect 63: The
method of any one of the preceding aspects, wherein moving the first
product from the first bay to the second bay comprises transferring the
first product from the first bay to the second bay.[00 1651 Aspect 64: The
method of any one of the preceding aspects, wherein transferring the first
product from the first bay to the second bay comprises one or more o f the
following actions: (a) transferring the first product from the first bay to
the second through a conduit, a line, a tube, or other connecting means,
and (b) transporting the first product from the first bay to the second bay
in a container or essel. [001 66| Aspect 65: The method of any one of the
preceding aspects, wherein pumping the first product comprises pumping the
first product through at least one transfer panel comprising a conduit that
extends from the first bay to the second bay. [001 67} Aspect 66: The
method of any one of the preceding aspects, wherein carrying the first
product from the first bay to the second bay comprises moving the first
product through a controlled corridor disposed between the first bay and
the second bay. [00168| Aspect 66: The method of any one of the preceding
aspects, further comprising: selecting a third bay from the plurality of
available bays; moving the third bay to a position outside of the core;
removably connecting the third bay to the core; performing a third
manufacturing process on the first product with a third set of components
disposed within the third bay to bring the first product to a third stage
of manufacture. (00169) Aspect 67: The method of any one of the preceding
aspects, further comprising: removably connecting the first movable bay to
a first clean connect area prior to performing the first manufacturing
process, the clean connect area for performing at least one of the
following functions (a) controlling personnel flow to and from the first
movable bay and (b) providing a clean are for connecting the utilities
between the first movable bay and the core; disconnecting the first movable
bay from the first clean connect area prior to establishing the second
configuration of components within the first movable bay; and re-connecting
the first movable bay to the first clean connect area prior to performing
the second manufacturing process. [00170] Aspect 68: The method of any one
of the preceding aspects, wherein connecting the at least one inlet of the
first movable bay to the at least one outlet of the core comprises
connecting a plurality of outlets of the core to a plurality of inlets of
thefirst movable bay, wherein each of the plurality of outlets supplies a
distinct utility, disconnecting the at least one inlet of the first movable
bay from the at least one outlet of 



the core comprises disconnecting the plurality of inlets from the plurality
of outlets, and re-connecting the at least one inlet of the first movable
bay to the at least one outlet of the core comprises re-connccting the
plurality ofiniets to the plurality of outlets. [001 7 1| Aspect 69: The
method of any one of the preceding aspects, wherein removably connecting
and re-connecting the first movable bay to the first clean connect circa
comprises connecting an entry point of the first movable bay to an exit
point of the first clean connect area and connecting an exit point of the
first movable bay to an entry point of the first clean connect area; and
disconnecting the first movable bay from the first clean connect area
comprises disconnecting the entry point of the first movable bay from the
exit point of the first clean connect area and disconnecting the exit point
o f the first movable bay from the entry point of the first clean connect
area. [001 72] Aspect 70: The method of any one of the preceding aspects,
further comprising: removably connecting the first movable bay to a first
upper docking collar located above the first movable bay prior to
performing the first manufacturing process, the first upper docking collar
adapted to deliver the one or more utilities to the first movable bay
during at least one of the first and second manufacturing processes;
disconnecting the first movable bay from the first upper docking collar
prior to establishing the second configuration of components within the
first movable bay; and r e connecting the first movable bay to the first
upper docking collar prior to performing the second manufacturing process.
[001 73] Aspect 71: The method of any one of the preceding aspects, further
comprising delivering one or more utilities from the first upper docking
collar to the first movable bay during at least one of the first and second
manufacturing processes. (00174] Aspect 72: The method of any one of the
preceding aspects, wherein the at least one utility is selected from the
group consisting of (a) clean air, (b) clean water, (c) a nutritional
media, (d) a dilution buffer, and (e) a purification media.[001 75| .Aspect
73: The method of any one of the preceding aspects, further comprising
maintaining a hood for aseptic processing within the first movable
manufacturing bay to have one, two, three or all organism counts selected
from the group consisting of: (a) viable particulate air organism count of
< 1CFU/m , (b) settling plate organism count of < 1 CFU/4 hours, (cj
Replicate Organisms Detection and Counting (RODAC) plate organism count of
< 1 CFU/plale, and (d) touch plate organism count of - 1 CFU/platc. [001
76| Aspect 74: The method of any one of the preceding aspects, further
comprising maintaining a surface (e.g., wall, floor, counter and/or sink)
or area, e.g., for aseptic processing, within the first movable
manufacturing bay to have one, two, three or all organism counts selected
from the group consisting of: (a) viable particulate air organism count of
< 10 CFU/m3, (b) settling plate organism count of  5 CFU/4 hours, (c)
Replicate Organisms Detection and Counting (RODAC) plate organism count of
< 5 CFU/plate, and (d) touch plate organism count of < 5 CFU/plate. [00177]
Aspect 75: The method of any one of the preceding aspects, further
comprising maintaining a surface (e.g., wall, floor, counter and/or sink)
or area e.g., for aseptic processing, within the first movable
manufacturing bay to have one, two, three or all organism counts selected
from the group consisting of: (a) viable particulate air organism count of
100 CFU/m , (b) settling plate organism count of < 50 CFU/4 hours, and (c)
Replicate Organisms Detection and Counting (RODAC) plate organism count of
25 CFU/plate. [00178] Aspect 76: The method of any one of the preceding
aspects, further comprising: moving the first movable bay to a holding area
disposed away from the core after disconnecting the first movable bay from
the core and prior to establishing a second configuration of components
within the first movable bay. (00179) Aspect 77: The method of any one of
the preceding aspects, further comprising cleaning the first movable bay
prior to establishing the second configuration of components in the first
movable bay.[001 SOJ Aspect 78: Flic method of any one o f the preceding
aspects, wherein performing each of the first and second manufacturing
processes comprises performing 



one of a chemical, a biological, and a pharmaceutical manufacturing
process. [00181 1 Aspect 70: The method of any one of the preceding
aspects, wherein the chemical, biological, or pharmaceutical manufacturing
process is selected from the group consisting o f cell inoculum
preparation; cultiiring or fermentation of mammalian cells such as Chinese
hamster ovary (CHO) cells, mouse myeloma cell lines, human embryonic
kidney, human retinal cells, NSO, HEK293, PER.C6, or cells suitable for
replicating viruses, such as African green monkey VERO, MDCK (canine kidney
cells), CEF (chicken embryonic fibroblasts), 2BS, Markl45. STl, DF-I, CIK,
EPC; incubation of chicken eggs for vaccine production; culturi pg or
fermentation of bacterial or prokaryotic cells, including but not limited
to gram-negative or gram-positive organisms, Enterobactenaceue such as E.
coli, e.g. E coli K.12 strain, E. coli X 1776 strain, E coli W3 110 strain,
and E. coli K5, Enterohucter, Pseudomonas such as P.fluorescein and P.
aeruginosa, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella
tvphimurium, Serratia, e.g., Serratia murceseans, and Shigella, as well as
Bacilli such as B. subtilis and B. lichemfonnis, or Si'rcptomvecs;
cuJturing fermentation of yeast or fungal cells, including but not limited
to Saccharomyces. e.g. S. cerevistae, Schizosaccharom gces pombe,
Kluvveromyces, Pichia, e g. P. pastoris, Candida, Trichoderma, Neurospora,
e.g. N. crassa, Schwannomyces, filamentous fungi such as, e.g., Neurospora,
Penicillium, Tolypoclaium, neosporidia, Aspergillus, e.g. A. nidulans and
A. niger, Hansenula, Kloeckera, Torulopsis, or Rhodotorula; culturing
insect cells, e.g. baculoviral systems, Sf9 cells; growing plant cells,
including but not limited to algae, tobacco, algae, duckweed, or mushrooms;
inoculating cells or chicken eggs with virus; harvesting cells or virus or
culture medium; inactivated vaccine production, including but not limited
to heat killed pneumococcal or formalin-treated viruses, live vaccine
production, including replication of influenza, or other viruses for
vaccines, e.g. measles, mumps, rubella, varicella, polio, rabies, H5N1
virus; viral vector production, including but not limited to adenovirus,
AAV, alphavirus, poxvirus, retrovirus, picor pavirus, paramyxovirus,
rhabdovirus; counting cells, cell viability measurement, osmolality
measurement, metabolite measurement, lactate dehydrogenase measurement;
lysing cells; centrifugationprocesses; filtration processes; free/ing
processes, including freezing of purified bulk product; thawing processes:
purification processes, including but not limited to ion exchange
chromatography, affinity chromatography, hydrophobic interaction
chromatography, hydrophobic charge induction chromatography, size exclusion
chromatography, metal affinity chromatography, protein L chromatography,
hydroxyapatite separation, multicolumn countercurrent solvent gradient
purification process, buffer dilution processes, formulation and/or filing
processes, including but not limited to adding excipients, sterile
filtration, filling processes, freeze-drying, spraydrying, pegylation,
sealing, labeling, process control, liquid nitrogen storage; peptide
synthesis and/or purification processes; siRNA synthesis and/or
purification processes; synthesis and/or purification of small organic
molecules.WHAT IS CLAIMED: 1. A manufacturing system comprising: a core
adapted to supply two or more Utilities to one or more manufacturing bays,
wherein at least two of the two or more utilities are selected from the
group consisting of (a) clean air, (b) clean water, (c) electricity (d)
oxygen, and (e) carbon dioxide; a first movable manufacturing bay adapted
to be removably coupled to the core and for receiving the utilities; a
first workspace defined by the first movable manufacturing bay and
accommodating a first facility for performing a first manufacturing
process; a second movable manufacturing bay adapted to be removably coupled
to the core and for receh ing the utilities; and a second workspace defined
by the second movable manufacturing bay, the second workspace isolated from
the first workspace and accommodating a second facility for performing a
second manufacturing process in parallel with the first facility performing
the first manufacturing process. 2. The system of claim 1, further
comprising: 



a first clean connect area adapted to be disposed adjacent the first
movable manufacturing bay when the first movable manufacturing bay is
connected to the core, the first clean connect area for performing at least
one of the following functions: (a) controlling access to and from the
first movable manufacturing bay and (b) providing a clean area for
connecting the utilities between the first movable manufacturing bay and
the core; and a second clean connect area adapted to be disposed adjacent
to the second movable manufacturing bay when the second movable
manufacturing bay is connected to the core, the second clean connect area
for performing at least one of the followingfunctions: (a) controlling
access to and from the second movable manufacturing bay and (b) pro iding a
clean area for connecting the utilities between the second movable
manufacturing bay and the core. 3 . The system of any one of the preceding
claims, wherein at least a portion of the first clean connect area is
coupled to the core and adapted to be removably coupled to the first
movable manufacturing bay, and at least a portion of the second clean
connect area is coupled to the core and adapted to be removably coupled to
the second movable manufacturing bay. 4. The system of any one of the
preceding claims, wherein each of the first and second clean connect areas
comprises a bay entry portion and a bay exit portion isolated from each
other. 5. The system of any one of the preceding claims, wherein the bay
entry portion of each of the first and second clean connect areas comprises
an exit point adapted to be connected to an entry point of the first and
second movable manufacturing bays, respectively, such that operating
personnel can pass from the first and second clean connect areas into the
first and second movable manufacturing bays, respectively, when the first
and second movable manufacturing bays are connected to the core, and the
bay exit portion of each of the first and second clean connect areas
comprises an entry point adapted to be connected to an exit point of the
first and second movable manufacturing bays, respectively, such that
operating personnel can pass from the first and second movable
manufacturing bays into the first and second clean connect areas,
respectively, when the first and second movable manufacturing bays are
connected to the core.6. Ihe system of any one of the preceding claims,
further comprising: a first upper docking collar adapted to be disposed
above the first movable manufacturing bay and removably connected to the
first movable manufacturing bay when the first movable manufacturing bay is
connected to the core, the first upper docking collar containing at least
one utility for being supplied to the first workspace while performing the
first manufacturing process; and a second upper docking collar adapted to
be disposed above the second movable manufacturing bay and removably
connected to the second movable manufacturing bay when the second movable
manufacturing bay is connected to the core, the second upper docking collar
containing at least one utility for being supplied to the second workspace
while performing the second manufacturing process. 7. The system of any one
of the preceding claims, wherein the first and second upper docking collars
are fixedly coupled to the core. 8. The system of any one of the preceding
claims, wherein the at least one utility contained within the first and
second upper docking collars is selected from the group consisting of: (a)
clean air, (b) clean water, (c) electricity, (d) oxygen, (e) carbon
dioxide, (f) a nutritional media, (g) a dilution buffer, (h) a purification
media, and (i) a local area network. 9. The system of any one of the
preceding claims, wherein the first and second movable manufacturing bays
are sealed from the core, except for the supply of the two or more
utilities, when the first and second movable bays are removably coupled to
the core. 10. The system of any one of the preceding claims, wherein the
core is sealed 



from receiving incoming material from the first and second movable
manufacturing bays.11. The system of any one of the preceding claims,
further comprising: first and second outlets associated with the core, each
of the first and second outlets adapted to discharge at least one of the
utilities; at least one first inlet associated with the first movable
manufacturing bay, the at least one first inlet adapted to be removably
coupled to the first outlet of the core; and at least one second inlet
associated with second movable manufacturing bay, the at least one second
inlet adapted to be removably coupled to the second outlet of the core. 12.
The system of any one of the preceding claims, wherein each of the first
and second outlets of the core comprises a plurality of outlets, each of
the plurality of outlets adapted to supply a distinct utility of the two or
more utilities, and each of the first and second inlets of the first and
second movable manufacturing bays, respectively, comprises a plurality of
inlets adapted to be removably coupled to the plurality of outlets of the
first and second outlets of the core, respectively, each of the plurality
of first inlets for receiving a distinct utility from one of the plurality
of first outlets and each of the plurality of second inlets for receiving a
distinct utility from one of the plurality of second outlets. 13. The
system of any one of the preceding claims, wherein each of the first and
second facilities comprises a plurality of components, each of which is
adapted to perform one or more steps of a chemical, a biological, or a
pharmaceutical manufacturing process. 14. The system of any one of the
preceding claims, wherein the plurality of components comprises at least
one of a culturing component, a harvesting component, apurifying component,
a biosafety cabinet, one or more culture flasks, an incubator, a carbon
dioxide incubator, a cell counter, a cell viability measuring device, an
osmolarity measuring device, a metabolite measuring device, a lactate
dehydrogenase measuring device a sealer, sterile connecting devices, a
microscope, a water bath, a peristaltic pump, a bioreactor, including
single use or disposable bioreactors, a wave bioreactor, a media batch tank
a buffer holding tank, an agitator, a sparger, a light house for plants, a
tank for growing algae/duckweed, a room for mushrooms, a pump, a piston
pump, a diaphragm pump, a rotary lobe pump, a positive displacement pump, a
flow control valve, a centrifuge component, a disk stack centrifuge, a
pressure regulator, a surge tank, a cell lysis component, a mechanical
disruptor, a shredder and/or extractor and/or vacuum system for separating
proteins from plants, algae or mushrooms, a depth filter component, a
clarification filter, a holding tank, an ultrafiltration component, a
diafiltration component, an ultrafiltration/diafiltration system, a drain
line, a heat removal component, a recirculation tank jacket, a heat
exchanger a laminar flow hood, a freezing system, one or more cryovessels,
one or more cold baths, one or more liquid nitrogen systems, one or more
freeze/thaw components, a spray-dryer, a freeze-dryer, a buffer dilution
skid, an ion exchange chromatography column or membrane or skid or bed, an
affinity chromatography column or membrane or skid or bed. a hydrophobic
interaction chromatography column or membrane or skid or bed, a hydrophobic
charge induction chromatography column or membrane or skid or bed, a liquid
chromatography column or membrane or skid or bed, a high pressure liquid
chromatography column or membrane or skid or bed, a gas chromatography
column or membrane or skid or bed (for both separation of organic molecules
and for analysis), other separation technologies, a size exclusion
chromatography column or membrane or skid or bed, a metal affinity
chromatography column or membrane or skid or bed, a protein A
chromatography column or membrane or skid or bed, a hydroxyapatite column
or membrane or skid or bed, disposable purification systems, process
control systems, a filter housing, an ultraviolet analyzer, a conductivity
probe, a steam seal, a steam trap, a glasswasher, an autoclave, a
sterilizing filter, one or more sterile containers, one or more sterile
vials, one or more sterile syringers, a lyophilizer, a fume hood
(optionally connected to an outlet in the bay) and related equipment for
chemical synthesis, an evaporator for removingsolvents (optionally
connected to an outlet in the bay), a crystalli/ation system for purifying
organics, one or more computer networks for individual bays and for the
core 



facilities, one or more analytical devices for assaying products,
electrophoresis equipment (eg, SDS-PACJK), a pH meter, a mass spectrometer,
an IR spectrometer, a UV spectrophotometers (for analysis or detection
during processing), in-line analytics attached to fermentation and
purification systems, disposable fermentation systems from 2OL 5000L or
more using stir (e.g., Xcellcrcx) or movement (e.g., GE IIealthcare Wave),
ccntpfugation equipment for either discontinuous or continuous separation,
clean air hoods or containment systems for filling, wiring for or wireless
systems for monitoring or automated processes gas lines for clean air or
specialty gases, water lines, pumps for fluid transfer, containers for
product collection, freezer and cold room areas, non-aqueous solvent
storage systems, control systems and specialty software for automation and
apparatus controls. 15. The system of any one of the preceding claims,
wherein the first movable manufacturing bay comprises a first control
system for controlling the first manufacturing process, and the second
movable manufacturing bay comprises a second control system for controlling
the second manufacturing process independent of the first manufacturing
process. 16. The system of any one of the preceding claims, wherein each of
the first and second movable manufacturing bays comprises a drain for
discharging waste generated during the first and second manufacturing
processes, respectively. 17. The system of any one of the preceding claims,
further comprising one of a transfer panel and a controlled corridor
disposed between the first and second movable manufacturing bays for
facilitating the transfer of product therebetween.18 . Flic system o l any
one ofthe preceding claims, further comprising a housing containing at
least one of the core, the first movable manufacturing bay, and the second
movable manufacturing bay. 19. The system of any one of the preceding
claims, further comprising a housing containing the core, the first movable
manufacturing bay, and the second movable manufacturing bay. 20. The system
of any one ofthe preceding claims, wherein the housing comprises a holding
area disposed away from the core where each ofthe first and second movable
manufacturing bays can be positioned to undergo a cleaning operation,
whereby the workspaces of the first and second movable manufacturing bays
are cleaned, or a change-over operation, whereby the facilities ofthe first
and second movable manufacturing bays are altered. 2 1. A method of
manufacturing a plurality of products, comprising: connecting a first
movable bay to a core; performing a first manufacturing process with a
first configuration of components disposed within the first movable bay to
manufacture a first product; disconnecting the first movable bay from the
core; establishing a second configuration of components within the first
movable bay; re-connecting the first movable bay to the core; and
performing a second manufacturing process with the second configuration of
components to manufacture a second product, the second manufacturing
process being distinct from the first manufacturing process.22. The method
of claim 2 1, further comprising supplying at least one utility to the
first movable bay from the core when the first movable bay is connected to
the core, the at least one utility comprising at least one of (a) clean
air, (b) clean water, (c) electricity, (d) oxygen, or (c) carbon dioxide.
23. The method of claim 2 1, further comprising supplying two or more
utilities to the first mo able bay from the core, at least two of the two
or more utilities selected from the group consisting of (a) clean air, (b)
clean water, (c) electricity, (d) oxygen, and (e) carbon dioxide. 24. The
method of claim 2 1, further comprising supplying three or more utilities
to the first movable bay from the core, at least three of the three or more
utilities selected from the group consisting of (a) clean air (b) clean
water, (c) electricity, (d) oxygen, and (e) carbon dioxide. 



25. The method of claim 2 1, wherein connecting the first movable bay to
the core comprises connecting at least one inlet of the first movable bay
to at least one outlet of the core, wherein the at least one outlet of the
core supplies at least one utility, disconnecting the first movable bay
from the core comprises disconnecting the at least one inlet of the first
movable bay from the at least one outlet of the core, and re-connecting the
first movable bay to the core comprises re-connecting the at least one
inlet of the first movable bay to the at least one outlet of the core. 26.
The method of claim 2 1, further comprising: connecting the first movable
bay to a first clean connect area prior to performing the first
manufacturing process, the clean connect area for performing at least one
of thefollow ing functions (a) controlling personnel flow to and from the
first movable bay and (b) prov iding a clean arc for connecting the
utilities between the first movable bay and the core; disconnecting the
first movable bay from the first clean connect area prior to establishing
the second configuration of components within the first movable bay; and
re-connecting the first movable bay to the first clean connect area prior
to performing the second manufacturing process. 27. The method of claim 26,
wherein connecting and re-connecting the first movable bay to the first
clean connect area comprises connecting an entry point of the first movable
bay to an exit point of the first clean connect area and connecting an exit
point of the first movable bay to an entry point of the first clean connect
area; and disconnecting the first movable bay from the first clean connect
area comprises disconnecting the entry point of the first movable bay from
the exit point of the first clean connect area and disconnecting the exit
point of the first movable bay from the entry point of the first clean
connect area. 28. The method of claim 21, further comprising; connecting
the first movable bay to a first upper docking collar located above the
first movable bay prior to performing the first manufacturing process, the
first upper docking collar adapted to deliver the one or more utilities to
the first movable bay during at least one of the first and second
manufacturing processes; disconnecting the first movable bay from the first
upper docking collar prior to establishing the second configuration of
components within the first movable bay; and rc-connccting the first
movable bay to the first upper docking collar prior to performing the
second manufacturing process.29. The method of claim 28. further comprising
delivering one or more utilities from the first upper docking collar to the
first movable bay during at least one of the first and second manufacturing
processes. 30. The method of claim 29, wherein the one or more utilities is
selected from the group consisting of (a) clean air, (b) clean water, (c) a
nutritional media, (d) a dilution buffer, and (e) a purification media. 3
1. The method of claim 2 1, further comprising: moving the first movable
bay to a holding area disposed away from the core after disconnecting the
first movable bay from the core and prior to establishing a second
configuration of components within the first movable bay. 32. The method of
claim 2 1, further comprising cleaning the first movable bay prior to
establishing the second configuration of components in the first movable
bay. 33. A method of manufacturing a plurality of products, comprising:
connecting a first movable bay to a first position of a core, the first
position selected from a plurality of positions; performing a first
manufacturing process with a configuration of components disposed within
the first movable bay to manufacture a first product; disconnecting the
first movable bay from the first position of the core; connecting a second
movable bay to the first position of the core; and performing a second
manufacturing process with a configuration of components 



disposed within the second movable bay to manufacture a second product.34.
The method of claim 33, wherein connecting the first and second movable
bays to the core comprises connecting at least one inlet of the first and
second movable bays to at least one outlet of the core, wherein the at
least one outlet of the core supplies at least one utility. 35. The method
of claim 33, further comprising: connecting the first movable bay to a
first clean connect area prior to performing the first manufacturing
process, the first clean connect area for performing at least one of the
following functions (a) controlling personnel flow to and from the first
movable bay and (b) providing a clean area for connecting the utilities
between the core and the first movable bay; disconnecting the first movable
bay from the first clean connect area prior to removably connecting the
second movable bay to the first position of the core; and connecting the
second movable bay to the first clean connect area prior to performing the
second manufacturing process. 36. The method of claim 35, wherein
connecting the first and second movable bays to the first clean connect
area comprises connecting an entry point of each of the first and second
movable bays to an exit point of the first clean connect area and
connecting an exit point of each of the first and second movable bays to an
entry point of the first clean connect area; and disconnecting the first
movable bay from the first clean connect area comprises disconnecting the
entry point of the first movable bay from the exit point of the first clean
connect area and disconnecting the exit point of the first movable bay from
the entry point of the first clean connect area.37. The method of claim 33,
further comprising: connecting the first movable bay to a first upper
docking collar located above the first movable bay when the first movable
bay is connected to the first position of the core prior to performing the
first manufacturing process, the first upper docking collar adapted to
deliver the one or more utilities to the first movable bay during the first
manufacturing process; and connecting the second movable bay to the first
upper docking collar located above the second movable bay when the second
movable bay is connected to the first position of the core prior to
performing the second manufacturing process, the first upper docking collar
adapted to deliver the one or more utilities to the second movable bay
during the second manufacturing process. 38. The method of claim 37,
further comprising delivering one or more utilities from the first upper
docking collar to at least one of the first and second movable bays during
at least one of the first and second manufacturing processes. 39. The
method of claim 38, wherein the at least one utility is selected from the
group consisting of (a) clean air, (b) clean water, (c) a nutritional
media, (d) a dilution buffer, and (e) a purification media. 40. The method
of claim 33, further comprising. moving the first movable bay to a holding
area disposed away from the core after disconnecting the first movable bay
from the core, and (i) cleaning the first movable bay or (ii) establishing
a different configuration of components within the first movable bay. 4 1.
L method of manufacturing, comprising: selecting a first bay from a
plurality of available bays;removably connecting the first bay to the core;
selecting a second bay from the plurality of available bays; removably
connecting the second bay to the core; performing a first manufacturing
process with a first set of components disposed ithin the first bay to
manufacture a first product; and performing a second manufacturing process
in parallel with the first manufacturing process with a second set of
components disposed within the second bay to manufacture a second product.
42. The method of claim 41. further comprising: moving the first bay
adjacent to the core after selecting the first bay; and 



moving the second bay adjacent to the core after selecting the second bay.
43. The method of claim 41, further comprising: selecting a third bay from
the plurality of available bays; removably connecting the third bay to the
core; performing a third manufacturing process in parallel with at least
one of the first and second manufacturing processes with a third set of
components disposed within the third bay to manufacture a third product.
44. The method of claim 41, further comprising: disconnecting the first bay
from the core after performing the first manufacturing process; moving the
first bay to a holding area disposed away from the core; performing at
least one of the following operations: (a) cleaning the first set of
components to define a third set of components,(b) rcconllguring the first
set of components to define a third set of components, and (c) replacing at
least some of the first set of components with a third set of components:
removably re-connecting the first bay to the core; and performing a third
manufacturing process with the third set of components in the first bay in
parallel with the second set of components in the second bay performing the
second manufacturing process. 45. The method of claim 44, further
comprising moving the first bay to a position adjacent to the core prior to
removably re-connecting the first bay to the core. 46. A method of
manufacturing comprising: selecting a first bay from a plurality of
available bays; moving the first bay to a position outside of a core;
removably connecting the first bay to the core; selecting a second bay from
the plurality of available bays; moving the second bay to a position
outside of the core; removably connecting the second bay to the core;
performing a first manufacturing process for a first product with a first
set of components disposed within the first bay to bring the first product
to a first stage of manufacture; and performing a second manufacturing
process for the first product with a second set of components disposed
within the second bay to bring the first product to a second stage of
manufacture.47. The method of claim 46, further comprising mov ing the
first product at the first stage of manufacture from the first bav to the
second bay. 48. The method of claim 47, wherein mo ing the first product
from the first bay to the second bay comprises one or more of the following
actions: (a) transferring the first product from the first bay to the
second through a conduit a line, a tube, or other connecting means and (b)
transporting the first product from the first bay to the second bay in a
container or vessel. 49. The method of claim 48, wherein transferring the
first product comprises pumping the first product through at least one
transfer panel comprising a conduit, a line, a tube, or other connecting
means that extends from the first bay to the second bay. 50. The method of
claim 48, wherein transporting the first product from the first bay to the
second bay comprises transporting the first product through a controlled
corridor disposed between the first bay and the second bay. 51. The method
of claim 46, further comprising: selecting a third bay from the plurality
of available bays; moving the third bay to a position outside of the core;
removably connecting the third bay to the core; performing a third
manufacturing process on the first product with a third set of components
disposed within the third bay to bring the first product to a third stage
of manufacture. 



52. The method of any one of claims 33 to 51, further comprising supplying
at least one utility to the first and second bays from the core when the
first and secondmovable bays arc removably connected to the core, the at
least one utility comprising at least one of (a) clean air, (b) clean
water, (c) oxygen, and (d) carbon dioxide. 53. Ihe method of any one
ufclaims 33 to 51, further comprising supplying two or more utilities to
the first and second bays from the core, at least two of the two or more
utilities selected from the group consisting of (a) clean air, (b) clean
water, (c) electricity, (d) oxygen, and (e) carbon dioxide. 54. The method
of any one of claims 33 to 51, further comprising supplying three or more
utilities to the first and second bays from the core, at least three of the
three or more utilities selected from the group consisting of (a) clean
air, (b) clean water, (c) electricity, (d) oxygen, and (e) carbon dioxide.
55. The method of any one of claims 4 1 to 54, wherein removably connecting
the first bay to the core comprises connecting at least one first inlet of
the first bay to at least one first outlet of the core; and removably
connecting the second bay to the core comprises removably connecting at
least one second inlet of the second bay to at least one second outlet of
the core. 56. The method of claim 55, further comprising: connecting the
first bay to a first clean connect area prior to performing the first
manufacturing process, the first clean connect area for performing at least
one of the following functions (a) controlling personnel flow to and from
the first bay and (b) providing a clean area for connecting the utilities
between the core and the first bay; connecting the second movable bay to a
second clean connect area prior to performing the second manufacturing
process, the second clean connect area for performing at least one of the
following functions (a) controlling personnel flow to andfrom the second
bay and (b) providing a clean area for connecting the utilities between the
core and the second bay. 57. The method of claim 56, wherein connecting the
first bay to the first clean connect area comprises connecting an entry
point of the first bay to an exit point of the first clean connect area and
connecting an exit point of the first bay to an entry point of the first
clean connect area; and connecting the second bay to the second clean
connect area comprises connecting an entry point of the second bay to an
exit point of the second clean connect area and connecting an exit point of
the second bay to an entry point of the second clean connect area. 58. The
method of any one of claims 4 1 to 57, further comprising: connecting the
first bay to a first upper docking collar located above the first bay when
the first bay is connected to the core prior to performing the first
manufacturing process, the first upper docking collar adapted to deliver
the one or more utilities to the first bay during the first manufacturing
process; and connecting the second bay to a second upper docking collar
located above the second bay when the second bay is connected to the core
prior to performing the second manufacturing process, the second upper
docking collar adapted to deliver the one or more utilities to the second
bay during the second manufacturing process. 59. The method of claim 58,
further comprising delivering one or more utilities from the first upper
docking collar to the first bay during the first manufacturing process,
delivering one or more utilities from the second upper docking collar to
the second bay during the second manufacturing process.60. The method of
claim M), wherein the at least one utility is selected from the group
consisting of (a) clean air, (b) clean water, (c) a nutritional media, (d)
a dilution buffer, and (e) a purification media. 6 1. The method of any one
of claims 33 to 60, further comprising: controlling the first manufacturing
process with a first control system associated with the first bay; and
controlling the second manufacturing process with a second control system
associated with the second bay, the first and second control systems being
distinct control systems. 



62. The method of claim 6 1, wherein controlling the second manufacturing
process comprises controlling the second manufacturing process
independently of the first manufacturing process. 63. The method of any one
of claims 2 1 to 62, wherein performing each of the first and second
manufacturing processes comprises performing one of a chemical, a
biological, and a pharmaceutical manufacturing process. 64. The method of
claim 63, wherein the chemical, biological, or pharmaceutical manufacturing
process is selected from the group consisting of cell inoculum preparation;
culturing or fermentation of mammalian cells such as Chinese hamster ovary
(CHO) cells, mouse myeloma cell lines, human embryonic kidney, human
retinal cells, NSO, HEK293, PER.C6, or cells suitable for replicating
viruses, such as African green monkey VERO, MDCK (canine kidney cells), CEF
(chicken embryonic fibroblasts), 2BS, Mark 145, STl, DF-I, CIK, EPC;
incubation of chicken eggs for vaccine production; culturing or
fermentation of bacterial or prokaryotic cells, including but not limited
to gram-negative or gram-positive organisms, Enterohacteriaceae such asE.
roll, e.g. E. roll K12 strain, E. roll X 1776 strain, E. roll W3 110
strain, and E. roll K5, Entcrobartcr. Pseudopionas such as / . fluorescein;
and P. aeruginosa. Envinici, Klebsiella. Proteus, Salmonella, e.g.,
Salmonella ivphimuriimi, Serratia, e.g., Serratia nnircescans, and
Shigella, as well as Bacilli such as Ii. sitblilis and B. licheniformis, or
Streptomvces; culturing fermentation of yeast or fungal cells, including
but not limited to Sarcharoinvees, e.g. S . cerevisiae Schizosaccharomyres
pombe, Kluyveromyces, Piehia. e.g. P. pastoris, Candida, Triehoderma,
Neurosp ora e.g. N. crctssa, Schwannomvces, filamentous Jungi such as,
e.g., Neurospora, Penicilliuin, Tolypocladium, neosporidia, Aspergillus,
e.g. A. nidulans and A. niger, Hansemda, Kloeckera, Torulopsis, or
Rhodotorula; culturing insect cells, e.g. baculoviral systems, Sf9 cells;
growing plant cells including but not limited to algae, tobacco, algae,
duckweed, or mushrooms; inoculating cells or chicken eggs with virus;
harvesting cells or virus or culture medium; inactivated vaccine
production, including but not limited to heat killed pneumococcal or
formalin-treated viruses, live vaccine production including replication of
influenza, or other viruses for vaccines, e.g. measles, mumps, rubella,
varicella, polio, rabies, H5N1 virus; viral vector production, including
but not limited to adenovirus, AAV, alphavirus, poxvirus, retrovirus,
picornavirus, paramyxovirus, rhabdovirus; counting cells, cell viability
measurement, osmolarity measurement, metabolite measurement, lactate
dehydrogenase measurement; lysing cells; centrifugation processes;
filtration processes; freezing processes, including freezing of purified
bulk product; thawing processes; purification processes, including but not
limited to ion exchange chromatography, affinity chromatography,
hydrophobic interaction chromatography, hydrophobic charge induction
chromatography, size exclusion chromatography, metal affinity
chromatography, protein A chromatography, hydroxyapatite separation,
multicolumn countercurrent solvent gradient purification process, buffer
dilution processes, formulation and/or filing processes, including but not
limited to adding excipients, sterile filtration, filling processes,
freeze-drying, spray-drying, pegylation, sealing, labeling, process
control, liquid nitrogen storage; peptide synthesis and/or purification
processes; siRNA synthesis and/or purification processes; synthesis and/or
purification of small organic molecules. 


