
ANTI- INBOUND TRAFFIC REDIRECTION SYSTEM Related
Applications [0001]This application claims priority to
Applicant's co-pending United States Provisional
Patent Application No. 60/722,268 filed September 30,
2005, titled "Anti- Inbound Traffic Redirection and
Defense Against Inbound Traffic Redirection." This
application is also related to Applicant's co-pending
United States Patent Application No. 11/374,437 filed
March 14, 2006, titled "Anti-Traffic Redirection
System," which claims priority to Applicant's
co-pending United States Provisional Patent
Application No. 60/662,030 filed March 14, 2005,
titled "Method and Apparatus for Defense Against
Network Traffic Redirection," United States Patent
Application No. 11/374,431 being a
continuation-in-part of Applicant's co-pending United
States Patent Application No. 10/635,804 filed August
5, 2003, titled "Method and System for Cellular
Network Traffic Redirection, now United States Patent
No. 7,072,651 issued July 4, 2006, which claims
priority to Applicant's co-pending United States
Provisional Patent Application No. 60/401 ,362 filed
August 5, 2002, titled "Traffic Redirection." This
application is also related to Applicant's co-pending
United States Patent Application No. 11/402,128 filed
April 12, 2006, titled "Inbound Traffic Redirection
System," which claims priority to Applicant's
co-pending United States Provisional Patent
Application No. 60/670,914 filed April 12, 2005,
titled "Method and Apparatus for Redirection of
Inbound Roamer Traffic," U.S. Patent Application No.
11/402,128 being a continuation-in-part of Applicant's
co-pending United States Patent Application No.
10/635,804, now United States Patent No. 7,072,651 .
This application is also related to Applicant's
co-pending United States Patent Application No.
11/375,577 filed March 15, 2006, titled "Method and
Apparatus for Defense Against Defense Against Network
Traffic Redirection," which claims priority to
Applicant's co-pending United States Provisional
Patent Application No. 60/662,028 filed March 15,
2005, titled "Method and Apparatus for Defense Against
Defense Against Network Traffic Redirection" and
Applicant's co-pending United States Provisional
Patent Application No. 60/670,914 filed April 12,
2005, United States Patent Application No. 11/375,577
being a continuation-in-part of Applicant's copending
United States Patent Application No. 10/635,804, now
United States Patent No. 7,072,651 . This application
is also related to Applicant's co-pending United
States Patent Application No. 11/508,194 filed August
23, 2006, titled "Method andSystem for Cellular
Network Traffic Redirection," which is a continuation
of Applicant's co-pending United States Patent
Application No. 11/374,427 filed March 14, 2006,
titled "Method, System and Computer Program Product
for Countering Anti-Traffic Redirection," claiming
priority to Applicant's co-pending United States
Provisional Patent Application No. 60/662,031 filed
March 14, 2005, titled "Method and Apparatus for
Defense Against Defense Against Network Traffic
Redirection," and which is a continuation of
Applicant's co-pending United States Patent
Application No. 11/374,437, United States Patent
Application No. 11/508,194 further claiming priority
to Applicant's co-pending United States Patent
Application No. 11/375,577, United States Patent
Application No. 11/508,194 further claiming priority
to Applicant's co-pending United States Patent
Application No. 11/402,128, and United States Patent
Application No. 11/508,194 further claiming priority
to Applicant's co-pending United States Patent
Application No. 10/635,804, now U.S. Patent No.
7,072,651 . Each of the aforementioned patent
applications is incorporated herein by reference
herein in its entirety. BACKGROUND OF THE INVENTION
Field of the Invention [0002]The present invention
generally relates to roaming users in mobile networks.
More specifically, the invention relates to steering
the traffic of the roaming users. [0003]Common carrier
mobile communication systems are deployed by different
companies and network operators within almost every
country in the world. Many of those network operators
offer international roaming to their subscribers
traveling abroad, and to travelers visiting their
territory and using their foreign mobile telephones.
Such an offering enables public mobile network
subscribers the ability to use their mobile phones
within public mobile networks other than their own,
such as those networks present in territories other
than those covered by the network to which they
normally subscribe. [0004]Over the last few years,
revenues to network operators from home subscribers
have consistently declined due to increased
competition and resulting pricing pressures. On the
other hand, revenues from roamers have consistently
grown in the same period due to increased mobile
penetration in local markets and an increase intravel.
Various network operators have preferred bilateral
roaming agreements ("partnerships") with each other
that include more favorable roaming charges than
non-partnership operators. Therefore, "preferred"
visited networks are those that the home network
prefers its outbound roamers to register with, when
traveling outside their home coverage area.
Non-partner networks are "non-preferred". [0005]
Network operators can maximize their margins and
roamers can get more attractive roaming rates, as well
as better services, if roamers roam on their home
mobile operator's preferred (or partner) networks.
When the subscribers roam into visited networks from a
Home Public Mobile Network (HPMN), they may roam onto
one, two or more Visiting Public Mobile Networks
(VPMNs), one at a time, based on various criteria.
These VPMNs may also include the "non-preferred" VPMN
networks. Hence, protecting the existing roaming
revenues and growing them further has become an
important priority for network operators worldwide.
However, current methods of controlling, as to which
network a subscriber registers to when he/she is
roaming, have certain disadvantages. [0006] In some
cases, when there are more than two competing VPMN
operators in a country, some competing and
"non-preferred" VPMN networks also deploy a form of
inbound traffic redirection designed to capture or
retain the traffic of roaming mobile phone users
visiting within their territory of coverage. State of
the art inbound traffic redirection systems are
designed primarily to stop this lucrative roaming
traffic from "leaking" out of their network to other
VPMN operators within the same visited territory.
[0007]A previous Inbound Traffic Redirection (ITR)
United States Patent application by the present
inventor (U.S. Patent Application Number 11/402,128
("'128 Application")) , teaches a solution to retain
the inbound roamers who had previously registered with
a competing VPMN operator, and were thereafter
attempting to re register with other VPMN operators.
In some cases, HPMN operators also assist in the ITR
attempts of the competitor VPMN networks, by
performing traffic redirection against the other VPMN
operators. This leads to decrease in revenues for the
other VPMN operators. [0008]Another previous United
States Patent Application by the present inventor
(U.S. Patent Number 11/375,577 ('"577 Application)),
teaches an Anti-inbound traffic redirection solution
wherein an HPMN operator, in addition to possibly
performingany traffic redirection against
non-preferred VPMN operators, could also counter
inbound redirection attempts of non-preferred VPMN
operators. However, virtually no HPMN operator has
currently deployed such an anti-ITR mechanisms against
a nonpreferred VPMN running an ITR apparatus.
[0009]While known in state-of-the-art steering of
roaming technology are methods by which HPMN's can
counteract attempts by non-preferred VPMNs to conduct
inbound traffic redirection, VPMNs themselves still
remain defenseless against competing VPMNs in their
same coverage area practicing inbound traffic
redirection. Namely, even VPMNs who have preferred
bilateral roaming agreements with desired HPMNs, and
even when those HPMNs practice state-of-the-art
outbound traffic redirection techniques to push
outbound roaming traffic to that preferred VPMN,
competing VPMNs with no such agreements, and without
the benefit of home-network-side traffic redirection
still are able to retain and even capture inbound
roaming traffic which by agreement and home-network
technological measures was intended for the preferred
VPMN. [001O]So there is a need in the art for systems
and methods by which one VPMN can counteract inbound
traffic redirection technological measures deployed by
competing VPMN operators. BRIEF DESCRIPTION OF
DRAWINGS [0011]ln the drawings, the same or similar
reference numbers identify similar elements or acts.
[0012JFIG. 1 represents a system for countering an
inbound traffic redirection (ITR) attempt for an
inbound roaming mobile station initiated by a first
Visiting Public Mobile Network (VPMN), in a monitoring
mode, in accordance with an embodiment of the
invention; [0013]FIG. 2 represents a system for
countering an inbound traffic redirection (ITR)
attempt for the inbound roaming mobile station
initiated by the first VPMN in insignaling path mode,
in accordance with an embodiment of the invention;
[0014JFIG. 3 represents a flow diagram for
implementing Anti Inbound Traffic redirection
(Anti-ITR) at a second VPMN, to counter ITR attempt
initiated by the first VPMN, in accordance with an
embodiment of the invention; and[0015JFIG. 4
represents a flowchart for a method for countering the
ITR attempt for the inbound roaming mobile station
initiated by the first VPMN, in accordance with an
embodiment of the invention. SUMMARY [0016]The present
invention provides a method for countering an inbound
traffic redirection (ITR) attempt for an inbound
roaming mobile station initiated by a first Visiting
Public Mobile Network (VPMN). The method includes
detecting an ITR attempt by observing receipt of one
or more registration response messages, at a second
VPMN from the HPMN during an ongoing location update
transaction of the inbound roaming mobile station,
between the second VPMN and the HPMN. The method
further includes thwarting the detected ITR attempt,
by sending one or more location update (LU) messages
from the second VPMN, in response to at least one
registration response message. [0017]Another
embodiment provides a method for countering an inbound
traffic redirection (ITR) attempt for an inbound
roaming mobile station, initiated by a first Visiting
Public Mobile Network (VPMN). The method includes
observing receipt of one or more registration response
messages at a second VPMN from an HPMN of the inbound
roaming mobile station, during an ongoing location
update transaction of the inbound roaming mobile
station, between the second VPMN and the HPMN. The
method further includes recognizing the ITR attempt by
comparing a known registration response message with
the one or more registration response messages
received. Thereafter, the method includes thwarting
the detected ITR attempt, by sending one or more
location update (LU) messages from the second VPMN, in
response to at least one registration response
message. [0018]ln another embodiment, the present
invention further provides a system for countering
inbound traffic redirection (ITR) attempt for an
inbound roaming mobile station initiated by the first
VPMN. The system includes a TR probe for detecting the
ITR attempt by observing receipt of one or more
registration response messages, at a second VPMN from
an HPMN of the inbound roaming mobile station, during
an ongoing location update transaction of the inbound
roaming mobile station, between the second VPMN and
the HPMN. The system further includes a countering
unit forthwarting the ITR attempt, by sending one or
more location update (LU) messages from the second
VPMN, in response to at least one registration
response message received from a switch. DETAILED
DESCRIPTION [0019]The following description provides
specific details for a thorough understanding and an
enabling description of various embodiments of
Anti-Inbound Traffic Redirection System (AITRS) by a
VPMN. However, one skilled in the art will understand
that the AITRS may be practiced without these details.
In other instances, well-known structures and
functions have not been shown or described in detail,
to avoid unnecessarily obscuring the description of
the embodiments of the AITRS. The headings provided
herein are for convenience only, and do not affect the
scope or meaning of the claimed invention. Anti-ITR
System -Monitoring Mode [002O]FIG. 1 represents a
system 100 for countering inbound traffic redirection
(ITR) 



of an inbound roaming mobile station 102 of a Home
Public Mobile Network (HPMN) 104 in a first Visiting
Public Mobile Network (VPMN) 106, in a monitoring
mode, in accordance with an embodiment of the present
invention. The ITR is detected and countered by a
second VPMN 108. The inbound roaming mobile station
102 (or a roamer) is initially registered with the
first VPMN 106 at a first VPMN VLR 110, (indicated in
Fig. 1 with a dotted line). However, while roaming
outside the HPMN 104 in some cases inbound roaming
mobile station 102 attempts to register with another
VPMN operator at a second VPMN VLR 112 in second VPMN
108, (indicated in Fig. 1 with a solid line). In one
embodiment of the invention, first VPMN VLR 110 is
integrated with a VMSC into first VPMN 106. Further, a
second VPMN VLR 112 is integrated with a VMSC into
second VPMN 108. Notwithstanding this, both the VPMN
VLRs and the VMSCs may have different logical
addresses. An HPMN HLR 114 located in HPMN 104 stores
subscriber profile data, corresponding to the inbound
roaming mobile station 102. [0021]The roaming
signaling corresponding to inbound roaming mobile
station 102 at the first VPMN 106 is routed between a
switch/roaming STP 116 and a first international STP
118. The roaming signaling corresponding to inbound
roamingmobile station 102 at the second VPMN 108 is
routed between a switch/roaming STP 120 and a second
international STP 122. The signaling between HPMN 104
and first VPMN 106, and between HPMN 104 and second
VPMN 108 is carried out using SS7 signaling
architecture 124, involving a third international STP
126 connected to switching/roaming STP 128 in HPMN
104. The signals exchanged between different networks
are TCAP (including MAP, CAP and the like) based
signals. In one embodiment of the invention, the
signals exchanged are Signaling Connection Control
Part (SCCP) based routing signals. [0022]The inbound
roaming mobile station 102 attempts to register with
second VPMN 108 although it may already be registered
with the first VPMN 106 due to one or more of the
following reasons. Firstly, the inbound roaming mobile
station 102 may attempt to change the VPMN network in
case there is weak signal strength or a loss of
coverage in first VPMN 106. Secondly, the inbound
roaming mobile station 102 may be selecting the second
VPMN 108 using an alternative available transmission
technology, e.g., GPRS or 3G, in second VPMN 108. When
inbound roaming mobile station 102 attempts to
register with second VPMN 108, first VPMN 106 may
attempt to redirect the traffic of inbound roaming
mobile station 102 back to itself. The attempt by a
VPMN operator to redirect the traffic of an inbound
roamer to its own network is hereinafter referred to
interchangeably as Inbound Traffic Redirection (ITR)
attempt. [0023]For example, in one such
alternative-transmission-means embodiments employing
GPRS, instead of monitoring Location Update responses
and Cancel Location for VLR, the anti-ITR module is
able monitor for Location Update responses and Cancel
Location for SGSN. Instead of performing a fake VLR
location update in an anti-ITR attempt, it will
perform a fake SGSN location update. Some networks
might require a send-authentication for a new location
update (VLR or SGSN) when swapping between networks.
So MAP SAI (Send Authentication Information) might
precede or occur concurrently with the fake location
update (VLR or SGSN) in an anti-ITR attempt.
[0024]System 100 includes an Anti-ITR module 130 which
passively monitors (i.e. in monitoring mode) the
traffic between HPMN 104, and second VPMN 108 and
thereby provides one or more messages required to
thwart the ITR attempt initiated by first VPMN 106,
and hence, redirecting the traffic to second VPMN 108.
In oneembodiment of the invention, Anti-ITR module 130
is deployed by second VPMN 108 to counter the ITR
attempt initiated by the first VPMN 106. The Anti-ITR
module 130 includes a Traffic Redirection (TR) probe
132 and a countering unit 134. In one embodiment of
the invention, TR probe 132 is integrated with
countering unit 134. It will be apparent to a person
skilled in the art that different functions of TR
probe and countering unit are only for exemplary
purposes. Notwithstanding this, any functional
property of any of the two (the TR probe and the
countering unit) will be hereinafter interchangeably
associated with Anti-ITR module 130. In other words,
any function which is to be performed by either TR
probe 132 and/or countering unit 134 is alternatively
capable of being performed by Anti-ITR module 130
alone. In this embodiment of the invention, TR probe
132 monitors/probes the SS7 signals exchanged between
switch 120 in second VPMN 108 and second international
STP 122 by probing the link as represented by signal
flow 136. This is referred to as passive monitoring.
The Anti-ITR module 130 sends necessary messages on
behalf of second VPMN 108 to thwart the ITR attempt by
first VPMN 106. Anti-ITR System -In-signaling path
mode [0025]FIG. 2 represents a system 200 for
countering an inbound traffic redirection (ITR)
attempt for inbound roaming mobile station 102
initiated by first VPMN 106, in in-signaling path
mode, in accordance with an embodiment of the
invention. The system 200 includes the same elements
as described in system 100 in conjunction with Fig. 1.
However, the functioning of switch 120 and Anti-ITR
module 130 is different in case of the in-signaling
path mode. The in-signaling path mode is hereinafter
referred interchangeably as active monitoring mode. In
the in-signaling path mode, Anti-ITR module 130 is
positioned on the signaling path between switch 120
and VMSC/VLR 112. Hence, Anti-ITR module 130
intercepts/receives the SS7 signaling messages
exchanged between switch 120 [(or roaming STP) or from
the second international STP 122] and VMSC/VLR 112.
Signal flow 202 represents this. However, not all SS7
messages are routed through Anti-ITR module 130, hence
other SS7 messages which are not considered for
implementation of this invention, may be routed
through an optional SS7 link between switch 120 and
VMSC/VLR 112. Hence, in this case, switch 120 is
configured to assist in exchange of one or more
registration response messages and one or more
Location Update (LU)messages between HPMN 104 and
second VPMN 108 at Anti-ITR module 130. These LU
messages are used to thwart the ITR attempt initiated
by first VPMN 106. [0026]ln one embodiment of the
invention, all signals exchanged through switch 120
are SCCP/TCAP based signals. Further, since in the
in-signaling mode, Anti-ITR module 130 is deployed on
roaming SS7 path by configuring switch 120 (or roaming
STP) the international roaming SCCP traffic is routed
through Anti-ITR module 130. In an exemplary routing,
primary routing of the incoming international SCCP
traffic from second international STP 122 destined to
E164 VPMN VLR 112 is configured to go through Anti-ITR
module 130. However, secondary routing is kept to VPMN
VLR 112. This is done in order to provide a redundant
path for routing of traffic in case of failure of
Anti-ITR module 130. Similarly, primary routing of any
outgoing international SCCP traffic, destined to E214
address of inbound roaming mobile station 102 from
HPMN 1,04, is configured to go through Anti-ITR module
130. The secondary routing, however, goes to third
international STP 126. It will be apparent to a person
skilled in the art, that different routing methods
using any combination thereof can be used without
affecting the working of the system or the method.
[0027]The E214 is a numbering plan (NP) used for
delivering mobility management related messages in GSM
networks. The E.214 number is derived from the IMSI of
a roaming mobile station. E.214 numbers are composed
of two parts. The first, the E.164 part, is made up of
a country code, followed by the network code. The
second part of the number comprises of the MSIN part
of the IMSI, which identifies an individual
subscriber. E.214 numbers are routed separately from
E.164 numbers, since they are marked with a different
Numbering Plan Indicator (NPI), however, it is
possible to reuse Global Title (GT) analysis tables,
used in E.164 numbers everywhere except for the final
destination network of the message. Anti-ITR Routing
Using TT [0028]ln case where the addresses of VPMN VLR
and VMSC are identical, SSN can be used to separate
the routing. It will be apparent to a person skilled
in the art that alternative routing options are
possible, depending upon the type of network elements
present in first VPMN 106 and second VPMN 108. For
example, to avoid looping the traffic, redirection can
be performed either using translation types (or
tables) (TT) or by using MTP routing, involving
international STP Signal Point Code (SPC) and
Switching/Roaming SPC, depending on the network setup
in VPMN(s). Inanother example, an operator in second
VPMN 108 could perform MAP analysis and only redirect
Cancel Location message from E164 messages, from
second international STP 122 through Anti-ITR module
130, to reduce significantly the insignaling load.
Considering the former technique of using the TT, the
switch 120 and the Anti-ITR module 130 are configured
for both incoming and outgoing international SCCP
signaling messages. For example, in case of an
incoming message at the switch 120 with TT as 0,
Called party (CdPA) is not own and the NP is E.214,
Destination Point Code (DPC) is set as Anti-ITR module
130 and the destination TT as 32. [0029]Similarly, in
case the CdPA is VPMN VLR 112 and the NP is E.164 with
TT as 0, the DPC is set to be Anti-ITR module 130 and
the destination TT as 32. This means that any incoming
E164 message at the switch 120 is directed to the
Anti-ITR module 130 first. In case of an outgoing
message from the switch 120, with the TT as 32, CdPA
as not own and the NP as E.214, the DPC is set as
second international STP 122 and destination TT as 0.
Further, in case with TT as 32, CdPA as VPMN VLR 112
and the NP is E164, the DPC is also set to VPMN VLR
112 and destination TT as 0. The routing indicator
(Rl) of SCCP CdPA in all these cases can remain
unchanged [e.g. on Global Title (GT)]. Anti-ITR
Routing Without Using TT [0030]Considering the second
technique of using MTP routing, switch 120 is
configured to send an incoming message with NP as
E.214 and CdPA as not own to DPC at Anti-ITR module
130. Also in case the CdPA is VPMN VLR 112 with NP as
E164, the DPC is changed to Anti-ITR module 130.
Routing configuration for an own network (i.e. second
VPMN 108) destined outgoing message, from Anti-ITR
module 130 to the switch 120, sets the DPC to VPMN VLR
112, with Rl as SSN / unchanged. Similarly, for an
international (HPMN) destined outgoing message from
Anti-ITR module 130 to the switch 120, the DPC is set
to second international STP 122, with Rl remaining as
GT. Based on different incoming and outgoing messages
from switch 120, the Anti-ITR module 130 sends one or
more LU messages to thwart the ITR attempt initiated
by the first VPMN 106. [0031]ln case none of the above
conditions are satisfied, then all incoming SCCP
messages may be relayed back either to switch 120 (or
the roaming STP), or to VPMN VLR 112, depending on
which type of routing is used, the TT type routing
orthe MTP type routing, respectively. In the methods
described above, SCCP is relayed rather than TCAP.
However, it will be apparent to a person skilled in
the art, that a similar flow can also be defined for a
TCAP based relay. In this case, a new transaction will
be initiated by Anti-ITR module 130 for each
self-initiated fake location update message, and also,
each time a new mapping will be established to relate
the new originating transaction ID to the original
originating transaction ID. Location Registration
Response Messages in a HPMN TR mechanism [0032]Various
embodiments of the present invention are directed
towards detecting and countering an ITR attempt by
first VPMN 106. These ITR attempts by first VPMN 106
causes HPMN 104 to send certain registration response
messages to inbound roaming mobile's 102 registration
attempt at second VPMN 108. These registration
response messages are different from standard
registration response messages used by an HPMN while
performing a TR mechanism against a VPMN, that is,
these messages are non-standard messages. Further, it
is also known that HPMN 104 is not attempting a TR
against the second VPMN 108 with these non-standard
response messages to redirect inbound roaming mobile
station 102 to first VPMN 106. Based on IR 73
guidelines, an HPMN performing a TR against its
roaming partner using non-standard registration
response messages, must inform the roaming partner,
within two days of request for the same. In other
words, if the HPMN is using non-standard response
messages for registration reject in its TR mechanism
on a VPMN, it should inform the VPMN. Hence, if the
HPMN 104 is doing TR on the second VPMN 108, it should
inform second VPMN 108 as to what registration
response messages are being used in its TR mechanism
based on the second VPMN's 108 request. Hence, second
VPMN 108,prior to countering the ITR attempt, has a
prior knowledge of whether or not HPMN 104 is
performing a TR 



against second VPMN 108. Further, details of this
embodiment are further explained in conjunction with
Fig. 4. [0033]ln cases, when an HPMN is performing the
TR against the VPMN operator, the HPMN usually uses
either a Location Update response error messages or a
Cancel Location to an ongoing Location Update with the
VPMN. These error messages received in LUP response on
the MAP interface are mapped onto equivalent messages
on the radio interface according to 3GPP 29010. Table
1 shows a snapshot of the mapping of some of these
messages, from MAP interface(29.002) to the radio
interface (24.008), with corresponding error codes for
each interface. These are examples only and are not
intended as being an exhaustive list or as being
representative. Table 1 [0034]For example, in case,
the error in MAP interface is "System Failure" (with
error code 34) (29.002), then its equivalent error on
the radio interface (24.008), "Network Failure" (error
code 17), is received at inbound roaming mobile
station 102. Thereafter, inbound roaming mobile
station 102 waits for around 15 to 20 seconds, before
trying again up to 4 times, before trying alternative
networks, if present, and if not, it tries the same
network again. Similarly, other 24.008 error messages
have their equivalent 29.002 error messages. [0035JIR
73 Guideline on TR defines Unexpected Data Value as
standard/recommended registration response error code.
However, other error codes such as System Failure,
Missing Data, MAP/TCAP abort, MAP-CLOSE etc and Cancel
Location response may also be used by the HPMN TR, but
are all nonstandard response messages in a TR
mechanism. Also, according to the guideline,the HPMN
using these other error codes as registration response
messages in a TR attempt against a VPMN must inform to
the VPMN about the same. Moreover, MAP/TCAP abort and
Cancel Location are possible registration response
messages an HPMN sends to a second VPMN, caused by a
first VPMN doing ITR on an inbound roamer attempting
to move from the first VPMN to the second VPMN.
Anti-ITR Signal Flow [0036]FIG. 3 represents a flow
diagram for implementing Anti Inbound Traffic
redirection (Anti-ITR) solution at second VPMN 108, to
counter the ITR attempt initiated by first VPMN 106,
in accordance with an embodiment of the invention. In
this embodiment of the invention, anti-ITR module 130
is deployed in second VPMN 108 to detect the ITR
attempt. Inbound roaming mobile station 102, already
registered with first VPMN 106, attempts to register
with second VPMN 108 at VMSC 112 due to one or more of
the following reasons. Firstly, the inbound roaming
mobile station 102 may attempt to change to second
VPMN 108, in case there is weak signal strength or a
loss of coverage in first VPMN 106. Secondly, the
inbound roaming mobile station 102 may be selecting
the second VPMN 108 due to new available technology,
e.g., GPRS or 3G, in second VPMN 108. Thereafter,
VLR/VMSC 112 in second VPMN 108 sends a Location
Update message 302 to HPMN 104, as an attempt to
register inbound roaming mobile station 102 with
itself. It is also known that HPMN HLR 114 is not
attempting TR against second VPMN 108 with those
registration response messages that are caused by the
ITR attempt by the first VPMN 106. Thereafter, first
VPMN 106 initiates an ITR attempt towards itself,
i.e., first VPMN 106 initiates an Inbound TR attempt
304 against the second VPMN 108. [0037]The TR probe
132 in Anti-ITR module 130 detects the signaling
between HPMN 108 and second VPMN 106 either actively
(monitoring mode), or passively (in-signaling mode).
TR probe 132 detects the ITR attempt initiated by
first VPMN 106, by observing receipt of one or more
registration response messages at second VPMN 108 from
HPMN 104, during the ongoing location update
transaction 302, between second VPMN 108 and HPMN 104.
In one embodiment of the invention, TR probe 132 in
Anti-ITR module 130 detects a cancel location message
306, or a MAP abort message 306, or a TCAP abort
message 306, as one or more registration response
messages from HPMN HLR 114 towards VLR/VMSC 112 in
second VPMN108. These MAP abort, TCAP abort or Cancel
Location are non-standard registration response
messages adopted in a TR mechanism by an HPMN. In
another embodiment of the invention, the one or more
registration response messages are LU abort messages.
In one embodiment of the invention, in passive
monitoring mode, one or more registration response
messages are directly received at VLR/VMSC 112. The
receipt of any of these messages (i.e. MAP/TCAP abort
or Cancel Location) confirms the initiation of ITR
attempt by first VPMN 106, provided that it is known
that the HPMN 104 is also not using these messages for
TR against the second VPMN 108. [0038]A roaming mobile
station usually sends four LU messages corresponding
to a VPMN, before it tries an alternative VPMN. Hence,
in order to thwart the ITR attempt, countering unit
134 in Anti-ITR module 130 sends one or more location
update (LU) messages, on behalf of second VPMN 108, in
response to each registration response message 306
received at second VPMN 108. In one embodiment of the
invention, the countering unit 134 sends one or more
fake Location Update (LU) messages 308 to foil the ITR
attempt initiated by first VPMN 106. In one embodiment
of the invention, in passive monitoring, countering
unit 134 sends the fake LU messages 308, on behalf of
second VPMN 108, more than a pre defined number of
times. This pre-defined number is selected based on TR
method used: either abort location method or cancel
location method. In this case, since handset usually
tries four times before searching for an alternate
network, the pre defined number is (X-1)*4 times,
where X is the number of VPMN networks in the country.
This makes the total number of LU messages sent to
HPMN 104 equal to five. For each fake LU message 308,
HPMN HLR 114 sends a Cancel Location 310, or a MAP
abort 310 or a TCAP abort 310 to first VPMN 106. These
fake LU messages 308 are continuously sent until a
successful location update transaction is recorded at
second VPMN 108. Hence, the process of exchange of
messages 302 to 310 is repeated up to N number of
times. In this way, inbound roaming mobile station's
102 second attempt of location update fools the first
VPMN's ITR solution, that the handset is either in
manual mode, or is a special handset. Hence, the
inbound roaming mobile station 102 is allowed to
register with second VPMN 108. [0039]The Calling Party
Address (CgPA) of the SCCP part of fake LU message 308
by Anti-ITR module 130 can be configured to be either
that of the VLR/VMSC 112 or that of Anti-ITR itself,
although MAP level VLR/VMSC will still be the real
VLR/VMSC112. This depends on the configuration of
first VPMN's ITR solution with respect to CgPA or
VLR/VMSC of a location update message. Moreover,
changing the CgPA to the second VPMN's Anti-ITR Global
Title (GT) reduces the load to the real VLR/VMSC 112.
[004O]In another embodiment of the invention, in
active monitoring mode, anti-ITR module 130 checks
whether any outgoing SCCP message carries a MAP
Location Update (LU) message 302, upon detection of
which the SCCP, TCAP parameters and the transaction
are recorded. Further, in case the incoming message
carries MAP abort 306 or TCAP abort 306 with response
to the recorded transaction 302, or if the incoming
message carries Cancel Location 306 on an IMSI of the
ongoing recorded transaction, it is examined with the
following set of logic procedures. The countering unit
134 holds (or fails) the one or more registration
response messages 306 until the number of registration
response messages is less than an expected number. In
other words, message 306 is dropped by anti-ITR module
130 (i.e. not replayed to VLR 112), if the abort
message 306 for inbound roaming mobile station's 102
IMSI of the same originating transaction ID from the
same VLR or cancel location message 306 for the same
IMSI of the same VLR, is less than a configurable Y
number of times (i.e. the expected number). The
configurable expected number Y is ((X-1 )*4 + 1),
where X is configured from a minimum two to the total
number of VPMN networks in that country. In this case,
since there are two VPMN networks the value of Y is
five. Thereafter, for each drop, the anti-ITR module
130 initiates another fake LU message 308, after a
configurable interval of time T 1 (e.g. T 1=0s or T
1=50s or T1=300s), on behalf of inbound roaming mobile
station's IMSI , using the same parameters (including
same VLR., VMSC address, SCCP CgPA and CdPA, although
different TCAP transaction Ids might be used) as the
first recorded LU message 302. Subsequently, for each
fake LU message 308 sent to HPMN 104, the HPMN HLR 114
sends a cancel location 310 to the first VPMN 106. The
sequence of exchange of messages 302 to 3 10 is
repeated unit N times. This foils any ITR attempt by
first VPMN 106 on inbound roaming mobile station 102.
[0041]ln case the above conditions are not satisfied,
then all incoming SCCP messages may be relayed back to
switch 120 or to VPMN VLR 112, depending on whether
the TT type is used, or MTP routing is used,
respectively. In the above described method, SCCP is
relayed rather than TCAP. However, it will be apparent
to a person skilled in the art, that a similar flow
can also be defined based TCAPrelay. In this case, a
new transaction will be initiated by Anti-ITR module
130 for each self-initiated fake LU message 308, and
also, each time a new mapping will be related the new
originating transaction ID to the original originating
transaction ID. Detecting HPMN TR and countering VPMN
ITR attempt [0042]Fig. 4 represents a flowchart for a
method for countering an inbound traffic redirection
(ITR) attempt for the inbound roaming mobile station,
initiated by the first VPMN, in accordance with an
embodiment of the invention. The Anti-ITR module 130
in second VPMN 108 may be also applied to counter
against TR mechanism initiated by the HPMN, in
addition to counter against ITR mechanism by first
VPMN 106. In this case, according to method at step
402, receipt of one or more messages 306 at second
VPMN 108, is tracked. These one or more messages 306
are sent by HPMN 104, during an ongoing location
update transaction of inbound roaming mobile station
102, between second VPMN 108 and HPMN 104. In order to
detect whether HPMN 104 is attempting a TR or first
VPMN 106 is attempting an ITR, second VPMN at step
404, compares the received one or more registration
response message 306 with a known registration
response message. The known registration response
message is informed to second VPMN 108, as per the IR
73 guidelines, only in case HPMN 104 is attempting the
TR against second VPMN 108 using a nonstandard
registration response message. According to the IR 73
guideline, only "Unexpected Data Value" (UDV) is a
standard registration response message, using which,
HPMN 104 need not inform second VPMN that it is
performing TR against it. This message itself is a
standard indication of HPMN TR. Exemplary non-standard
error codes of HPMN TR include, but are not limited
to, System Failure, Missing Data, MAP-CLOSE, and
MAP-Notice. [0043]However, when any message, other
than the standard message (UDV), is received at second
VPMN 108, it leads to the comparison at step 404. As
explained earlier, if HPMN is using any non-standard
registration response message, then it informs second
VPMN 108 as the known registration response message,
used for comparison at step 404. For example, in case
the known registration response message is MAP_Notice,
and it is informed by HPMN as a message to be used for
HPMN TR, then in accordance with one embodiment of the
invention, the Anti- Inbound Traffic Redirection
(AITRS) can be integrated with Anti-TR solution (ATRS)
of previous filed patent application, which is
incorporated in this application in itsentirety. The
ATRS can counter the HPMN TR against second VPMN.
However, if the received registration response message
306 is Cancel Location and the known registration
response message is MAP_Notice (as informed by HPMN),
then the Cancel Location message is identified as the
ITR attempt from first VPMN 106. Further, the first
VPMN can only cause the HPMN to generate MAP/TCAP
abort or Cancel Location as the non-standard
registration response messages. Hence, in case the one
or more registration response message is different
from the known registration response message, it can
be recognized and hence concluded that first VPMN 106
is attempting an ITR against second VPMN 108.
Thereafter, at step 406, the identified ITR attempt is
thwarted by second VPMN 108. The thwarting includes
sending a number of fake LU messages from second VPMN,
based on a configurable number of times within a
configurable maximum interval for the HPMN. The signal
flow is similar to explanation for Fig. 3. However, in
this case, Fig. 3 will have the 306 message containing
these additional error codes in response to the LU
message 302 sent to HPMN. [0044] In one embodiment of
the invention, the countering unit 134 abandons the 



thwarting of the ITR attempt initiated by the first
VPMN 106, if an HPMN satisfies pre-defined criteria.
In other words, countering unit 134 aborts the
Anti-ITR attempt from second VPMN 108, in case an HPMN
satisfies the pre-defined criteria based on some
application logics. In one embodiment of the
invention, the pre-defined criteria may include an
HPMN known of performing TR against second VPMN 108,
by using a Cancel Location, a MAP abort or a TCAP
abort. In another embodiment of the invention, the
pre-defined criterion includes a blacklisted HPMN. Any
HPMN known to use some fraud control techniques to
counter Anti-ITR solution would be blacklisted by
second VPMN from further Anti-ITR attempts. In another
embodiment of the invention, the second VPMN may
periodically check the blacklisted HPMN(s) for any
change in its status. [0045] In yet another embodiment
of the invention, the Anti-ITR solution may be
abandoned based on a configurable distribution profile
among HPMN(s) of the inbound roaming mobile station.
For example, no more than 20% of ITR attempts
initiated by Vodafone(tm) United Kingdom (UK) would be
abandoned by second VPMN for unique inbound roamers.
In another embodiment of the invention, the Anti-ITR
solution in the second VPMN may stop its thwarting
attempt, if it exceeds a configurable threshold number
of times of fake location update messages, orexceeds
the maximum interval allowed for an anti-ITR attempt.
These configurable parameters can be defined per HPMN
or across all HPMNs. Other application logics on the
HPMN can also be applied to stop an anti-ITR attempt,
for example, instead of using a fixed configured
threshold number of fake location updates, the logic
can use a random generated number to avoid HPMN
detection. [0046] In one embodiment of the invention,
based on these deductions and subsequent success or
failure of the Anti-ITR solution, countering unit 134
generates one or more reports indicating one or more,
but not limited to, signaling load overhead,
redirection success, redirection failure and
percentage of redirected traffic. [0047]The present
invention can take the form of an entirely hardware
embodiment, an entirely software embodiment or an
embodiment containing both hardware and software
elements. In accordance with an embodiment of the
present invention, the invention is implemented in
software, which includes but is not limited to
firmware, resident software, microcode, etc.
[0048]Furthermore, the invention can take the form of
a computer program product accessible from a
computer-usable or computer-readable medium providing
program code for use by or in connection with a
computer or any instruction execution system. For the
purposes of this description, a computer-usable or
computer readable medium can be any apparatus that can
contain, store, communicate, propagate, or transport
the program for use by or in connection with the
instruction execution system, apparatus, or device.
[0049]The medium can be an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor
system (or apparatus or device) or a propagation
medium. Examples of a computer-readable medium include
a semiconductor or solid state memory, magnetic tape,
a removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks
include compact disk - read only memory (CDROM),
compact disk - read/write (CD-R/W) and Digital
Versatile Disk (DVD). [005O]A computer usable medium
provided herein includes computer usable program code,
which when executed counters the ITR for an inbound
roaming mobile station by detecting a TR attempt
initiated by the first VPMN. The ITR attempt is
detected by observing receipt of one or more
registration response messages at a second VPMN from
the HPMN during an ongoing location update transaction
of the inbound roaming mobile station between the
second VPMN and the HPMN. Thecomputer usable medium
further includes computer usable program code for
thwarting the detected ITR attempt. [0051 ]The
Anti-Inbound Traffic Redirection System (AITRS) can be
used by a VPMN operator against those competing VPMN
operators who have deployed an Inbound Traffic
Redirection (ITR) solution against them. It can also
be used to cache roaming profiles of successfully
registered inbound roamers so to avoid subsequent
traffic redirections by competing VPMN operators who
have deployed inbound traffic redirection against the
VPMN operator. This helps stop the leaking of inbound
roaming traffic to competing operators doing inbound
traffic redirection. The detection and subsequent
counter of the ITR attempt can help the VPMN operator
prepare business impact and rescue actions. [0052]The
components of AITRS described above include any
combination of computing components and devices
operating together. The components of the AITRS can
also be components or subsystems within a larger
computer system or network. The AITRS components can
also be coupled with any number of other components
(not shown), for example other buses, controllers,
memory devices, and data input/output devices, in any
number of combinations. In addition any number or
combination of other processor based components may be
carrying out the functions of the AITRS. [0053]lt
should be noted that the various components disclosed
herein may be described using computer aided design
tools and/or expressed (or represented), as data
and/or instructions embodied in various
computer-readable media, in terms of their behavioral,
register transfer, logic component, transistor, layout
geometries, and/or other characteristics.
Computer-readable media in which such formatted data
and/or instructions may be embodied include, but are
not limited to, non-volatile storage media in various
forms (e.g., optical, magnetic or semiconductor
storage media) and carrier waves that may be used to
transfer such formatted data and/or instructions
through wireless, optical, or wired signaling media or
any combination thereof. [0054]Unless the context
clearly requires otherwise, throughout the description
and the claims, the words "comprise," "comprising,"
and the like are to be construed in an inclusive sense
as opposed to an exclusive or exhaustive sense; that
is to say, in a sense of "including, but not limited
to." Words using the singular or plural number also
include the plural or singular number respectively.
Additionally, the words"herein," "hereunder," "above,"
"below," and words of similar import refer to this
application as a whole and not to any particular
portions of this application. When the word "or" is
used in reference to a list of two or more items, that
word covers all of the following interpretations of
the word: any of the items in the list, all of the
items in the list and any combination of the items in
the list. [0055]The above description of illustrated
embodiments of the AITRS is not intended to be
exhaustive or to limit the AITRS to the precise form
disclosed. While specific embodiments of, and examples
for, the AITRS are described herein for illustrative
purposes, various equivalent modifications are
possible within the scope of the AITRS, as those
skilled in the art will recognize. The teachings of
the AITRS provided herein can be applied to other
processing systems and methods. They may not be
limited to the systems and methods described above.
[0056]The elements and acts of the various embodiments
described above can be combined to provide further
embodiments. These and other changes can be made to
the AITRS in light of the above detailed description.
Other Variations [0057]Provided above for the
edification of those of ordinary skill in the art, and
not as a limitation on the scope of the invention, are
detailed illustrations of a scheme by which one VPMN
can counteract an ITR attempt on an inbound roaming
mobile station initiated by another VPMN. Numerous
variations and modifications within the spirit of the
present invention will of course occur to those of
ordinary skill in the art in view of the embodiments
that have been disclosed. For example the present
invention is implemented primarily from the point of
view of GSM mobile networks as described in the
embodiments. However, the present invention may also
be effectively implemented on GPRS, 3G, CDMA, WCDMA,
WiMax etc., or any other network of common carrier
telecommunications in which end users are normally
configured to operate within a "home" network to which
they normally subscribe, but have the capability of
also operating on other neighboring networks, which
may even be across international borders. [0058]The
examples under the present invention Anti-Inbound
Traffic Redirection System (AITRS) detailed in the
illustrative examples contained herein are described
using terms and constructs drawn largely from GSM
mobile telephony infrastructure. But use of these
examples should not be interpreted as limiting the
invention to those media. Anti-Inbound Traffic
Redirection System - a method for countering
ITRattempt for the inbound roaming mobile station
initiated by the first VPMN in a manner that is
agnostic to the capabilities of the visited or
non-accustomed network can be of use and provided
through any type of telecommunications medium,
including without limitation: (i) any mobile telephony
network including without limitation GSM, 3GSM, 3G,
CDMA, WCDMA or GPRS, satellite phones or other mobile
telephone networks or systems; (ii) any so-called WiFi
apparatus normally used in a home or subscribed
network, but also configured for use on a visited or
non-home or non-accustomed network, including
apparatus not dedicated to telecommunications such as
personal computers, Palm-type or Windows Mobile
devices,; (iii) an entertainment console platform such
as Sony Playstation, PSP or other apparatus that are
capable of sending and receiving telecommunications
over home or non-home networks, or even (iv)
fixed-line devices made for receiving communications,
but capable of deployment in numerous locations while
preserving a persistent subscriber id such as the
eye2eye devices from Dlink; or telecommunications
equipment meant for voice over IP communications such
as those provided by Vonage or Packetd. [0059] In
describing certain embodiments of the AITRS under the
present invention, this specification follows the path
of a telecommunications call from a calling party to a
called party. For the avoidance of doubt, that call
can be for a normal voice call, in which the
subscriber telecommunications equipment is also
capable of visual, audiovisual or motion-picture
display. Alternatively, those devices or calls can be
for text, video, pictures or other communicated data.
[006O]In the foregoing specification, specific
embodiments of the present invention have been
described. However, one of ordinary skill in the art
will appreciate that various modifications and changes
can be made without departing from the scope of the
present invention as set forth in the claims below.
Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be
included within the scope of present invention. The
benefits, advantages, solutions to problems, and any
element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to
be construed as a critical, required, or essential
features or elements of any or all the
claims.Technical references Q71X SCCP Q70X MTP Q77X
TCAP GSM 1111 SIM and Mobile Interface GSM 1114 SIM
Toolkit IR 7320 Steering of Roaming GSM 360 GPRS GSM
960 GPRS Tunneling Protocol GSM 23060 GPRS GSM 29060
GPRS Tunneling Protocol GSM 902 on MAP specification
Digital cellular telecommunications system (Phase 2+)
Mobile Application Part (MAP) Specification (3GPP TS
09.02 version 7.9.0 Release 1998) GSM 340 on SMS
Digital cellular telecommunications system (Phase 2+);
Technical realization of the Short Message Service
(SMS); (GSM 03.40 version 7.4.0 Release 1998) GSM 348
Security and OTA1 GSM 31048 Security and OTA, 



GSM 231 19 Gateway Location Register, GSM 408 Mobile
Radio Interface Network Layer GSM 23122 Mobile Station
Procedure GSM 24008 Mobile Radio Interface Network
Layer GSM2201 1 Service Accessibility GSM25304 Idle
Mode Selection GSM29010 Error Network Mapping GSM
29002 MAP Protocol GSM 23012 Location
UpdateAPPENDIXSUBSTITUTED PYRAZOLE COMPOUNDS
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of U.S. Provisional
Application No. 60/722,217, filed September 30, 2005,
and U.S. Provisional Application No. 60/732,340, filed
October 31, 2005, and U.S. Provisional Application No.
60/733,868, filed November 4, 2005, all of which are
incorporated herein by reference in their entirety.
FIELD OF THE INVENTION This invention is directed to
protein kinase inhibitors, compositions comprising
such inhibitors, and methods of use thereof. More
particularly, the invention relates to inhibitors of
Aurora A (Aurora-2) protein kinase. The invention also
relates to pharmaceutical compositions, as well as to
methods of treating diseases associated with protein
kinases, especially diseases associated with Aurora A,
such as cancer. BACKGROUND OF THE INVENTION The search
for new therapeutic agents has been greatly aided in
recent years by better understanding of the structure
of enzymes and other biomolecules associated with
target diseases. One important class of enzymes that
has been the subject of extensive study is the protein
kinases. Protein kinases mediate intracellular signal
transduction by effecting a phosphoryl transfer from a
nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. There are a number of
kinases and pathways through which extracellular and
other stimuli cause a variety of cellular responses to
occur inside the cell. Examples of such stimuli
include environmental and chemical stress signals
(e.g. osmotic shock, heat shock, ultraviolet
radiation, bacterial endotoxin, H2O2), cytokines (e.g.
interleukin-1 (IL-I) and tumor necrosisfactor alpha
(TNF-alpha)), and growth factors (e.g. granulocyte
macrophagecolony- stimulating factor (GM-CSF), and
fibroblast growth factor (FGF). An extracellular
stimulus may effect one or more cellular responses
related to cell growth, migration, differentiation,
secretion of hormones, activation of transcription
factors, muscle contraction, glucose metabolism,
control of protein synthesis and regulation of cell
cycle. Many diseases are associated with abnormal
cellular responses triggered by protein
kinase-mediated events. These diseases include
autoimmune diseases, inflammatory diseases,
neurological and neurodegenerative diseases, cancer,
cardiovascular diseases, allergies and asthma,
Alzheimer's disease or hormonerelated diseases.
Accordingly, there has been a substantial effort in
medicinal chemistry to find protein kinase inhibitors
that are effective as therapeutic agents. In humans,
there are three highly related Aurora kinases that are
all serine/threonine protein kinases (see Andrews, P.
D., et al., Curr. Opin. Cell. Biol. 2003, 15, 672-683;
Carmena, M., Earnshaw, W. C , Nat. Rev. MoI. Cell.
Biol. 2003, 4, 842-854; Brown, J . R., et al., BMC
Evol. Biol. 2004, 4, 39, Andrews, P. D., Oncogene
2005, 24, 5005-5015). Despite the sequence relatedness
of Aurora A, B and C, the localization and function of
these kinases is quite distinct. As a result,
overexpression or activation of each of these kinases
can be associated with different disease states,
including proliferative diseases such as cancer.
Members of the family demonstrate distinct subcellular
localization during mitosis and are degraded by the
proteosome following exit from mitosis (Graham et al.
(2002) / . Biol. Chem. 277:42419-22). The kinases are
often found complexed with other proteins, including
cytoskeletal structures. The Aurora kinases share a
conserved C-terminal catalytic domain, with greater
variation being observed at the N-terminus. Aurora A
(Aurora-2) is unique in the presence of two lysine
residues in the nucleotide-binding domain of the
kinase (Warner et al. (2003) Molecular Cancer
Therapeutics 2:589-95). Maximum levels of the Aurora A
polypeptide, and maximum Aurora A activity, are
observed at the G2/M transition leading into mitotic
prophase, with the polypeptide localizing to the
mitotic spindle pole (Graham et al. (2002) J. Biol.
Chem. 277:42419-22; Sakai et al. (2002) J. Biol. Chem.
277:48714-23). Aurora A appears to regulate chromosome
duplication with aberrant expression being associated
with aneuploidy and an aggressive clinical
phenotype,particularly in solid tumors. Such
observations, and additional experimental data,
suggest that Aurora A disrupts the signaling cascade
that regulates chromosome segregation (Sen et al.
(2002) J. Na/. Cancer. Inst. 94:1320-29). Aurora A
also appears to function in meiosis, likely in
separating homologous chromosomes and in spindle
rotation. Injection of antibodies against Aurora A
into Xenopus oocytes prevents first polar body
extrusion and causes arrest at meiosis I (Castro et
al. (2003) J. Biol. Chem. 2236-41). The Xenopus
kinesin-like protein, Eg5, is known to be a substrate
for Aurora-2 (Castro et al. (2003) J. Biol. Chem.
2236-41). In addition, in vitro studies show that
Aurora A is incorporated into chromatin and
phosphorylates histone H3, and possibly histone H2B
(Scrittori et al. (2001) J. Biol. Chem. 276:30002-10).
H3 phosphorylation, e.g., at serine-10, during
chromosome assembly, appears to be a conserved event
in eukaryotic cell division. Inhibition of H3
phosphorylation leads to chromosome condensation,
abnormal segregation, and the loss of chromosomes
during mitosis and meiosis (Scrittori etal. (200I) J
Biol. Chem. 276:30002-10). Accordingly, the emerging
model for histone phosphorylation is analogous to that
of histone acetylation, wherein partially redundant
enzymatic activities are associated with histone
modifications but different enzymes may function in
different cellular contexts. For example, some enzymes
may modify histones in bulk, while other enzymes
modify histones in a targeted manner, i.e., in a
sequence or domain-specific manner in the context of
assembled chromatin (see, e.g., Scrittori et al.
(2001) J. Biol. Chem. 276:30002-10). According to this
model, Aurora A would appear to be a kinase
responsible for targeted histone modification, in the
context of assembled or assembling chromatin. Other
members of the Aurora kinase family are also
associated with mitosis and meiosis. Aurora B, like
Aurora A, is involved in distinct protein
phosphorylation events that regulate the cell cycle.
Unlike Aurora A5Aurora B is localized to
inner-centromeric chromatin from prophase until the
metaphaseanaphase transition, relocalizes to the
microtubules in the spindle midzone during telophase,
and subsequently is found in the midbody throughout
cytokinesis (See Andrews, P. D., Oncogene 2005, 24,
5005-5015, loc. cit). The function of Aurora B is to
ensure accurate chromosome segregation and appropriate
cytokinesis. Aurora B appears to associate with a
survivin, a polypeptide thatassociates with the inner
centromere and undergoes a significant degree of
stretching during mitosis. Survivin appears to be
involved with inhibition of apoptosis as well as cell
cycle control. Interestingly, both Aurora B and
survivin are delocalized during megakaryocyte
endomitosis, a process by which late anaphase and
cytokinesis are skipped, leading to megakaryocyte
polyploidy (Zhang et al. (2004) Blood 103:37 i'-26).
Inhibitors of this function in a proliferative disease
such as cancer would lead to stasis and cell death,
making such inhibitors useful in cancer chemotherapy.
Aurora C (Aurora-3) is the least studied, known member
of the family. Aurora C localizes to centrosomes from
anaphase until telophase (or even cytokinesis), and is
highly expressed in the testis (Brown et al. (2004)
BMC Evolutionary Biology 4:39). As noted above, Aurora
kinases are overexpressed in certain types of cancers,
including colon, breast, and other solid-tumor
cancers. The genes encoding the Aurora B and A kinases
tend to be amplified in certain types of cancers,
while the gene encoding the Aurora C kinase resides in
a region of the chromosome that is subject to
rearrangement and deletion. Aurora A has been
associated with a variety of malignancies, including
primary colon, colorectal, breast, stomach, ovarian,
prostate, and cervical cancer, neuroblastoma, and
other solid-tumor cancers (Warner et al. (2003)
Molecular Cancer Therapeutics 2:589- 95). Inhibitors
of Aurora A have been described. For example,
Harrington etal. ((2004) Nat. Med. 10:262-67) have
described VX-680, a small-molecule inhibitor that
blocks cell-cycle progression and induces apoptosis in
certain types of tumors in in vivo xenograft models. A
pyrazole Aurora A kinase inhibitor is also described
in U.S. Patent No. 6,653,301 (Bebbington et al.,
issued November 25, 2003). Hauf et al. ((2003) J.
Cell. Biol. 161:281-294) identified the indolinone
(Hesperadin) as an inhibitor of Aurora B, which causes
cells to enter anaphase with monooriented chromosomes,
having both sister kinetochores attached to a single
spindle pole (a condition known as syntelic
attachment). Ditchfield et al. ((2003) J. Cell. Biol.
161:267-280) described ZM447439
((4-(4-(N-benzoylamino)anilino)-6-methoxy-7-(3-(l-morp
holino)propoxy)quinazoline), an Aurora kinase
inhibitor which interferes with chromosome alignment,
segregation, and cytokinesis. Accordingly, kinase
inhibitors, particularly inhibitors of Aurora kinases,
are of particular interest in treating certain
disorders, including cancer. Compounds exhibiting such
inhibition are of particular value. SUMMARY OF THE
INVENTION The present invention provides compounds or
pharmaceutically acceptable derivatives or prodrugs
thereof, compositions, and methods for treating
diseases mediated by kinases. Such diseases include
primary, secondary, and metastatic cancers such as
melanoma, lymphoma, leukemia, colon, colorectal,
breast, lung, kidney, pancreatic, renal, CNS 5
stomach, ovarian, prostate, cervical, and
neuroblastoma. These compounds have the general
formula I : Formula I or a pharmaceutically acceptable
derivative or prodrug thereof, wherein: Rx and Ry are
independently selected from the group consisting of
-T-R 3 and -L-Z-R3; Q' is selected from the group
consisting of -CR 6 =CR6 - and - =- , wherein said -CR
6 =CR 6 - may be a cis or trans double bond or a
mixture thereof; R1 is -T-(Ring D); Ring D is a 5-7
membered monocyclic ring or 8-10 membered bicyclic
ring selected from the group consisting of aryl,
heteroaryl, heterocyclyl, and carbocyclyl, said
heteroaryl or heterocyclyl ring having 1-4 ring
heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur, wherein each
substitutable ring carbon of Ring D is independently
substituted by oxo, -T-R 5, or-V-Z-R5, and each
substitutable ring nitrogen of Ring D is independently
substituted by -R4; T is a valence bond or -(C(R
6')2)-A-; A i s a valence bond or a C 1-C3 alkylidene
chain wherein a methylene unit of said Ci-3 alkylidene
chain i s optionally replaced by -O-, -S-, -N(R 4)-,
-CO-, - CONH-, -NHCO-, -SO2 -, -SO 2NH-, -NHSO 2 -,
-CO 2 -, -OC(O)-, -OC(O)NH-, or -NHCO 2-; Z is a Ci-4
alkylidene chain; L is selected from the group
consisting of -0-, -S-, -SO-, -SO 2-, -N(R 6)SO 2 -,
-SO 2N(R 6)-, -N(R 6)-, -CO-, -CO 2-, -N(R 6)C0-, -N(R
6)C(0)0-, - N(R 6)CON(R 6)-, -N(R 6)SO 2N(R 6)-, -N(R
6)N(R 6)-, -C(O)N(R 6)-, -OC(O)N(R 6)-, - C(R 6)2O-,
-C(R 6)2-, -C(R 6)2SO-, -C(R 6)2SO2-, -C(R 6)2SO2N(R
6)-, -C(R 6)2N(R 6)-, - 



C(R 6)2N(R 6)C(O)-, -C(R 6) 2N(R 6)C(O)O-, -C(R
6)=NN(R 6)-, -C(R 6)=N-0-, - C(R 6)2N(R 6)N(R 6)-,
-C(R 6)2N(R 6)SO 2N(R 6)-, and -C(R 6) 2N(R 6)CON(R
6)-; R2 and R2 are independently selected from the
group consisting of -R and -T-W-R 6, or R2 and R2
taken together with their intervening atoms form a
fused, 5-8 membered, unsaturated or partially
unsaturated ring having 0-3 ring heteroatoms selected
from the group consisting of nitrogen, oxygen, and
sulfur, wherein each substitutable ring carbon of said
fused ring formed by R2 and R2 is independently
substituted by halo, oxo, -CN, -NO 2, R7, or -V-R 6,
and each substitutable ring nitrogen of said ring
formed by R2 and R2' is independently substituted by
-R4; R3 i s selected from the group consisting of -R,
-halo, -OR, -C(=0)R, - CO2R, -COCOR, -COCH 2COR, -NO
2, -CN, -S(O)R, -S(O) 2 R, -SR, -N(R 4)2, - CON(R 7)2,
-SO 2N(R 7)2, -0C(=0)R, -N(R 7)COR, -N(R^CO 2(C1-6
aliphatic), - N(R 4)N(R 4)2, -C=NN(R 4)2, -C=N-OR,
-N(R 7)CON(R 7)2, -N(R 7) SO2 N(R 7)2, - N(R 4)SO 2R,
and -0C(=0)N(R) 2; each R is independently hydrogen or
an optionally substituted group selected from the
group consisting of Ci. aliphatic, C6-1 0 aryl, a
heteroaryl ring having 5-10 ring atoms, and a
heterocyclyl ring having 5-10 ring atoms; each R4 is
independently selected from the group consisting of
-R7, -COR 7, -C0 2(optionally substituted Ci-6
aliphatic), -CON(R 7)2, and -SO 2R7 ; each R5 is
independently selected from the group consisting of
-R, halo, - OR, -C(=O)R, -CO2R, -COCOR, -NO 2, -CN,
-S(O)R, -SO 2 R, -SR, -N(R 4)2, -CON(R4)2, -SO2N(R4)2,
-0C(=0)R5 -N(R4)COR5 -N(R4)CO2 (optionally substituted
Cw aliphatic), -N(R4)N(R 4)2, -C=NN(R 4)2, -C=N-OR, -
N(R 4)CON(R 4)2, -N(R 4)SO2N(R 4)2, -N(R4)SO 2R, and
-OC(=O)N(R 4)2; V is selected from the group
consisting of -0-, -S-, -SO-, -SO2-, - N(R 6)SO2-,
-SO2N(R 6)-, -N(R 6)-, -CO-, -CO2-, -N(R 6)CO-, -N(R
6)C(0)0-, N(R 6)CON(R 6)-, -N(R 6)SO2N(R 6)-, -N(R
6)N(R 6)-, -C(O)N(R 6)-, -OC(O)N(R 6)-, - C(R 6) 2O-,
-C(R 6)2S-, -C(R 6)2SO-, -C(R 6)2SO2-, -C(R 6)2SO2N(R
6)-, -C(R 6)2N(R 6)- , -C(R 6)2N(R 6)C(O)-, -C(R
6)2N(R 6)C(O)O-, -C(R 6)=NN(R 6)-, -C(R 6)=N-0-, - C(R
6)2N(R 6)N(R 6)-, -C(R 6)2N(R 6)SO2N(R 6)-, and -C(R
6)2N(R 6)CON(R 6)-; W is selected from the group
consisting of -C(R 6)2O-, -C(R 6)2S-, - C(R 6)2SO-,
-C(R 6)2SO2-, -C(R6)2SO2N(R 6)-, -C(R 6)2N(R 6)-,
-CO-, -CO2-, - C(R 6PC(O)-, -C(R 6)OC(O)N(R 6K -C(R
6)2N(R 6) CO-, -C(R 6)2N(R 6)C(O)O-, - C(R 6)=NN(R
6)-, -C(R 6)=N-0-, -C(R6)2N(R 6)N(R 6)-, -C(R 6)2N(R
6)SO 2N(R 6)-, - C(R 6)2N(R 6)CON(R 6)-, and -CON(R
6)-; each R is independently selected from the group
consisting of hydrogen and an optionally substituted
C1-4 aliphatic group, or two R6 groups on the same
nitrogen atom may be taken together with the nitrogen
atom to form a 3-6 membered heterocyclyl or heteroaryl
ring; each R6 is independently selected from the group
consisting of hydrogen and a Ci- aliphatic group, or
two R6 on the same carbon atom are taken together to
form a 3-8 membered carbocyclic ring; each R6 is
independently selected from the group consisting of
hydrogen, a Ci- aliphatic group, halogen, optionally
substituted aryl, and optionally substituted
heteroaryl, or two R6 on adjacent carbon atoms are
taken together to form a 5-7 membered carbocyclic
ring; and each R7 is independently selected from the
group consisting of hydrogen and an optionally
substituted Ci- aliphatic group, or two R7on the same
nitrogen are taken together with the nitrogen to form
a 5-8 membered heterocyclyl or heteroaryl ring.
DETAILED DESCRIPTION As used herein, the following
definitions shall apply unless otherwise indicated.
The phrase "optionally substituted" is used
interchangeably with the phrase "substituted or
unsubstituted" or with the term "(un)substituted."
Unlessotherwise indicated, an optionally substituted
group may have a substituent at each substitutable
position of the group, and each substitution is
independent of the other. The term "acetamido" refers
to the group -NHC(=O)CH 3. The term "aliphatic" as
used herein means straight-chain, branched or cyclic
Ci-C 12 hydrocarbons which are completely saturated or
which contain one or more units of unsaturation but
which are not aromatic. For example, suitable
aliphatic groups include substituted or unsubstituted
linear, branched or cyclic alkyl, alkenyl, alkynyl
groups and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. The terms
"alkyl", "alkoxy", "hydroxyalkyl", "alkoxyalkyl", and
"alkoxycarbonyl", used alone or as part of a larger
moiety includes both straight and branched chains
containing one to twelve carbon atoms. The terms
"alkenyl" and "alkynyl" used alone or as part of a
larger moiety shall include both straight and branched
chains containing two to twelve carbon atoms. The term
"cycloalkyl" used alone or as part of a larger moiety
shall include cyclic C3 -Ci 2 hydrocarbons which are
completely saturated or which contain one or more
units of unsaturation, but which are not aromatic. The
term "amino" refers to an NH2 group. The term
"alkylamino" refers to an amino group wherein one of
the hydrogen atoms is replaced by an alkyl group. The
term "dialkylamino" refers to an amino group wherein
the hydrogen atoms are replaced by alkyl groups,
wherein the alkyl group may be the same or different.
The terms "haloalkyl", "haloalkenyl" and "haloalkoxy"
means alkyl, alkenyl or alkoxy, as the case may be,
substituted with one or more halogen atoms. The term
"halogen" means F, Cl, Br, or I . The term
"heteroatom" means nitrogen, oxygen, or sulfur and
includes any oxidized form of nitrogen and sulfur, and
the quaternized form of any basic nitrogen. Also the
term "nitrogen" includes a substitutable nitrogen of a
heterocyclic ring. As an example, in a saturated or
partially unsaturated ring having 0-3 heteroatoms
selected from oxygen, sulfur or nitrogen, the nitrogen
may be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in
pyrrolidinyl) or NR+ (as in Nsubstituted
pyrrolidinyl).The terms "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" as used herein means an
aliphatic ring system having three to fourteen
members. The terms "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" whether saturated or
partially unsaturated, also refers to rings that are
optionally substituted. The terms "carbocycle",
"carbocyclyl", "carbocyclo", or "carbocyclic" also
include aliphatic rings that are fused to one or more
aromatic or nonaromatic rings, such as in a
decahydronaphthyl or tetrahydronaphthyl, where the
radical or point of attachment is on the aliphatic
ring. The term "aryl" used alone or as part of a
larger moiety as in "aralkyl", "aralkoxy", or
"aryloxyalkyl", refers to aromatic ring groups having
six to fourteen members, such as phenyl, benzyl,
phenethyl, 1-naphthyl, 2-naphthyl, 1- anthracyl and
2-anthracyl. The term "aryl" also refers to rings that
are optionally substituted. The term "aryl" may be
used interchangeably with the term "aryl ring". "Aryl"
also includes fused polycyclic aromatic ring systems
in which an aromatic ring is fused to one or more
rings. Examples include 1-naphthyl, 2- naphthyl,
1-anthracyl and 2-anthracyl. Also included within the
scope of the term "aryl", as it is used herein, is a
group in which an aromatic ring is fused to one or
more non-aromatic rings, such as in an indanyl,
phenanthridinyl, or tetrahydronaphthyl, where the
radical or point of attachment is on the aromatic
ring. The term "heterocycle", "heterocyclyl", or
"heterocyclic" as used herein includes non-aromatic
ring systems having four to fourteen members,
preferably five to ten, in which one or more ring
carbons, preferably one to four, are each replaced by
a heteroatom. Examples of heterocyclic rings include
3-IHbenzimidazol- 2-one,
(l-substituted)-2-oxo-benzimidazol-3-yl,
2-tetrahydrofuranyl, 3-tetrahydrofuranyl,
2-tetrahydropyranyl, 3-tetrahydropyranyl,
4-tetrahydropyranyl, [l,3]-dioxalanyl,
[l,3]-dithiolanyl, [l,3]-dioxanyl,
2-tetra-hydrothiophenyl, 3-tetrahydrothiophenyl,
2-morrholinyl, 3-morpholinyl, 4-morpholinyl,
2-thiomorpholinyl, 3-thiomorpholinyl,
4-thiomorpholinyl, 1-pyrrolidinyl, 2- pyrrolidinyl,
3-pyrrolidinyl, 1-piperazinyl, 2-piperazinyl,
1-piperidinyl, 2- piperidinyl, 3-piperidinyl,
4-piperidinyl, 4-thiazolidinyl, diazolonyl,
N-substituted diazolonyl, 1-phthalimidinyl,
benzoxanyl, benzopyrrolidinyl, benzopiperidinyl,
benzoxolanyl, benzothiolanyl, and benzothianyl. Also
included within the scope of the term "heterocyclyl"
or "heterocyclic", as it is used herein, is a group
inwhich anon-aromatic heteroatom-contaming ring is
fused to one or more aromatic or non-aromatic rings,
such as in an indolinyl, chromanyl, phenanthridinyl,
or tetrahydroquinolinyl, where the radical or point of
attachment is on the nonaromatic heteroatom-containing
ring. The term "heterocycle", "heterocyclyl", or
"heterocyclic" whether saturated or partially
unsaturated, also refers to rings that are optionally
substituted. The term "heteroaryl", used alone or as
part of a larger moiety as in "heteroaralkyl" or
"heteroarylalkoxy", refers to heteroaromatic ring
groups having five to fourteen members. Examples of
heteroaryl rings include 2-furanyl, 3- furanyl,
3-furazanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl,
5-imidazolyl, 3- isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1-pyrrolyl,
2-pyrrolyl, 3-pyrrolyl, 1-pyrazolyl, 2- pyrazolyl,
3-pyrazolyl, 2-pyridyl, 3-ryridyl, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl,
2- triazolyl, 5-triazolyl, 2-thienyl, 3-thienyl,
carbazolyl, benzimidazolyl, benzothienyl,
benzofuranyl, indolyl, quinolinyl, benzotriazolyl,
benzothiazolyl, benzooxazolyl, benzimidazolyl,
isoquinolinyl, indazolyl, isoindolyl, acridinyl, and
benzoisoxazolyl. Also included within the scope of the
term "heteroaryl", as it is used herein, is a group in
which a heteroatomic ring is fused to one or more
aromatic or nonaromatic rings where the radical or
point of attachment is on the heteroaromatic ring.
Examples include tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido
[3,4-d]pyrimidinyl. The term "heteroaryl" also refers
to rings that are optionally substituted. The term
"heteroaryl" may be used interchangeably with the term
"heteroaryl ring" or the term "heteroaromatic". An
aryl (including aralkyl, aralkoxy, aryloxyalkyl and
the like) or heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group may contain one
or more substituents. Examples of suitable
substituents on any unsaturated carbon atom of an
aryl, heteroaryl, aralkyl, or heteroaralkyl group
include a halogen, -R0, -OR 0, -SR0,
1,2-methylene-dioxy, 1,2-ethylenedioxy, protected OH
(such as acyloxy), phenyl (Ph), substituted Ph,
-O(Ph), substituted - 0(Ph), -CH 2(Ph), substituted
-CH 2(Ph), -CH2CH2(Ph), substituted -CH2CH2(Ph), -
NO2, -CN, -N(R0) 2, -NR 0C(O)R 0, -NR0C(O)N(R 0) 2,
-NR0CO2R0, - NR0NR0C(O)R 0, -NR0NR 0C(O)N(R 0) 2, -NR
0NR0C2R0, -C(O)C(O)R 0, -C(O)CH 2C(O)R 0, -CO2R0,
-C(O)R 0, -C(O)N(R 0) 2, -OC(O)N(R 0) 2, -S(O) 2R0,
-SO2N(R)2, -S(O)R0, -NRSO2N(R)2, -NR0SO2R0,
-C(=S)N(R)2, -C(=NH)-N(R) 2, -(CH 2)yNHC(O)R, and -(CH
2)yNHC(O)CH(V-R)(R); wherein each R0 is independently
selected from hydrogen, a substituted or unsubstituted
aliphatic group, an unsubstituted heteroaryl or
heterocyclic ring, phenyl (Ph), substituted Ph, -0(Ph)
5 substituted -0(Ph), -CH 2 (Ph), or substituted -CH
2(Ph); y is 0-6; and V is a linker group. Examples of
substituents on the aliphatic group or the phenyl ring
of R0 include amino, alkylamino, dialkylamino,
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, alkoxy, nitro, cyano,
carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
haloalkoxy, and haloalkyl. An aliphatic group or a
non-aromatic heterocyclic ring or a fused aryl or
heteroaryl ring may contain one or more substituents.
Examples of suitable substituents on any saturated
carbon of an aliphatic group or of a non-aromatic
heterocyclic ring or a fused aryl or heteroaryl ring
include those listed above for the unsaturated carbon
of an aryl or heteroaryl group and the following: =0,
=S, =NNHR*, =NN(R*) 2, =N-, =NNHC(O)R *, =NNHCO
2(alkyl), =NNHSO 2 (alkyl), 



or =NR*, where each R* is independently selected from
hydrogen, an unsubstituted aliphatic group, or a
substituted aliphatic group. Examples of substituents
on the aliphatic group include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkoxy, nitro, cyano, carboxy, alkoxycarbonyl,
alkylcarbonyl, hydroxy, haloalkoxy, and haloalkyl.
Suitable substituents on the nitrogen of a
non-aromatic heterocyclic ring include -R+, -N(R +)2,
-C(O)R +, -CO 2R+, -C(O)C(O)R +, -C(O)CH 2C(O)R +, -
SO2R+, -SO 2N(R +)2, -C(=S)N(R +)2, -C(=NH)-N(R +)2,
and -NR +SO2R+; wherein each R+ is independently
selected from hydrogen, an aliphatic group, a
substituted aliphatic group, phenyl (Ph), substituted
Ph, -O(Ph), substituted -0(Ph), -CH 2(Ph), substituted
-CH 2(Ph), or an unsubstituted heteroaryl or
heterocyclic ring. Examples of substituents on the
aliphatic group or the phenyl ring include amino,
alkylamino, dialkylamino, aminocarbonyl, halogen,
alkyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkoxy, nitro, cyano, carboxy, alkoxycarbonyl,
alkylcarbonyl, hydroxy, haloalkoxy, and haloalkyl.The
term "linker group" or "linker" means an organic
moiety that connects two parts of a compound. Linkers
are typically comprised of an atom such as oxygen or
sulfur, a unit such as -NH-, -CH 2-, -C(O)-, -C(O)NH-,
or a chain of atoms, such as an alkylidene chain. The
molecular mass of a linker is typically in the range
of about 14 to 200, preferably in the range of 14 to
96 with a length of up to about six atoms. Examples of
linkers include a saturated or unsaturated C1-
alkylidene chain which is optionally substituted, and
wherein one or two saturated carbons of the chain are
optionally replaced by -C(O)-, -C(O)C(O)-, -CONH-, -
CONHNH-, -CO2-, -OC(O)-, -NHCO 2-, -0-, -NHCONH-,
-OC(O)NH-, -NHNH-, -NHCO-, -S-, -SO-, -SO2-, -NH-,
-SO2NH-, or -NHSO 2-. The term "alkylidene chain"
refers to an optionally substituted, straight or
branched carbon chain, that may be fully saturated or
have one or more units of unsaturation. The optional
substituents are as described above for an aliphatic
group. A combination of substituents or variables is
permissible only if such a combination results in a
stable or chemically feasible compound. A stable
compound or chemically feasible compound is one in
which the chemical structure is not substantially
altered when kept in the dark at a temperature of 4O0C
or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.
It is understood that in all substituted groups
defined herein, polymers arrived at by defining
substituents with further substituents to themselves
(e.g., substituted phenyl having a substituted phenyl
as a substiruent which is itself substituted with a
substituted phenyl, etc.) are not intended for
inclusion herein. In such cases, the maximum number of
such substituents is three. For example phenyl
substituted with a substituted phenyl is limited to
-substituted phenyl- (substituted phenyl)-(substituted
phenyl). Unless otherwise stated, structures depicted
herein are also meant to include all stereochemical
forms of the structure; i.e., the R and S
configurations for each asymmetric center. Therefore,
single stereochemical isomers as well as enantiomeric
and diastereomeric mixtures of the present compounds
are within the scope of the invention. Unless
otherwise stated, structures depicted herein are also
meant to include compounds which differ only in the
presence of one or more isotopically enriched atoms.
For example, compounds having the presentstructures
except for the replacement of a hydrogen by a
deuterium or tritium, or the replacement of a carbon
by a 13C- or 14C-enriched carbon are within the scope
of this invention. Compounds of formula I, or salts
thereof, may be formulated into compositions. In a
preferred embodiment, the composition is a
pharmaceutical composition. In one embodiment, the
composition comprises an amount of the protein kinase
inhibitor effective to inhibit a protein kinase in a
biological sample or in a patient. Compounds of this
invention and pharmaceutical compositions thereof,
which comprise an amount of the protein kinase
inhibitor effective to treat or prevent a kinase
mediated condition and a pharmaceutically acceptable
carrier, adjuvant, or vehicle, may be formulated for
administration to a patient. Another aspect of this
invention relates to a method of treating or
preventing a kinase mediated disease. In one
embodiment, the disease is a Aurora A-mediated
disease, which method comprises administering to a
patient in need of such a treatment a therapeutically
effective amount of a compound of formula I or a
pharmaceutical composition thereof. The term "Aurora
A-mediated disease" or "Aurora A-mediated condition",
as used herein, means any disease or other deleterious
condition in which Aurora is thought to play a role.
The terms "Aurora A-mediated disease" or "Aurora
Amediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
Aurora A inhibitor. Such conditions include cancer.
The term "cancer" includes, but is not limited to,
solid tumors and blood borne tumors and include, but
is not limited to, the following cancers: breast,
ovary, cervix, prostate, testis, genitourinary tract,
esophagus, larynx, glioblastoma, neuroblastoma,
stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, small cell carcinoma,
lung adenocarcinoma, bone, colon, adenoma, pancreas,
adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma,
seminoma, melanoma, sarcoma, bladder carcinoma, liver
carcinoma and biliary passages, kidney carcinoma,
myeloid disorders, lymphoid disorders, Hodgkin's,
hairy cells, buccal cavity and pharynx (oral), lip,
tongue, mouth, pharynx, small intestine, colon-rectum,
large intestine, rectum, brain and central nervous
system, and leukemia. The term "cancer" includes
primary cancer, cancers secondary to treatment, and
metastatic cancers.An aspect oi the invention relates
to compounds and compositions that are useful for
treating cancer. Another aspect of the invention
relates to the treatment of the following cancers:
breast, ovary, cervix, prostate, testis, genitourinary
tract, esophagus, larynx, glioblastoma, neuroblastoma,
stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, small cell carcinoma,
lung adenocarcinoma, bone, colon, adenoma, pancreas,
adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma,
seminoma, melanoma, sarcoma, bladder carcinoma, liver
carcinoma and biliary passages, kidney carcinoma,
myeloid disorders, lymphoid disorders, Hodgkin's,
hairy cells, buccal cavity and pharynx (oral), lip,
tongue, mouth, pharynx, small intestine, colon-rectum,
large intestine, rectum, brain and central nervous
system, and leukemia. Another aspect of the invention
is a method for treating cancer comprising
administering one or more of the compounds described
herein to a patient with cancer. Angiogenesis is
characterized by the proliferation of endothelial
cells to form new blood vessels (often called
neovascularization). Inhibition of mitosis of
endothelial cells results in inhibition of
angiogenesis. Another aspect of this invention
therefore relates to inhibition of undesirable
mitosis, including undesirable angiogenesis. A
mammalian disease characterized by undesirable cell
mitosis, as defined herein, includes, but is not
limited to, excessive or abnormal stimulation of
endothelial cells (e.g., atherosclerosis), solid
tumors and tumor metastasis, benign tumors, for
example, hemangiomas, acoustic neuromas,
neurofibromas, trachomas, and pyogenic granulomas,
vascular malfunctions, abnormal wound healing,
inflammatory and immune disorders, Bechet's disease,
gout or gouty arthritis, abnormal angiogenesis
accompanying rheumatoid arthritis, skin diseases, such
as psoriasis, diabetic retinopathy and other ocular
angiogenic diseases such as retinopathy of prematurity
(retrolental fibroplasic), macular degeneration,
corneal graft rejection, neovascular glaucoma and
Osier Weber syndrome (Osier- Weber-Rendu disease).
Other undesired angiogenesis involves normal processes
including ovulation and implantation of a blastula.
The compositions described above can be used as a
birth control agent by reducing or preventing uterine
vascularizationrequired for embryo implantation.
Accordingly, the compositions described above can be
used to block ovulation and implantation of a blastula
or to block menstruation (induce amenorrhea). Diseases
associated with undesirable mitosis including
neovascularization can be treated according to the
present invention. Such diseases include, but are not
limited to, ocular neovascular disease, diabetic
retinopathy, retinopathy of prematurity, corneal graft
rejection, neovascular glaucoma and retrolental
fibroplasias, epidemic keratoconjunctivitis, Vitamin A
deficiency, contact lens overwear, atopic keratitis,
superior limbic keratitis, pterygium keratitis sicca,
Sjogren's syndrome, acne rosacea, phylectenulosis,
syphilis, Mycobacteria infections, lipid degeneration,
chemical burns, bacterial ulcers, fungal ulcers,
Herpes simplex infections, Herpes zoster infections,
protozoan infections, Kaposi's sarcoma, Mooren's
ulcer, Terrien's marginal degeneration, marginal
keratolysis, trauma, rheumatoid arthritis, systemic
lupus, polyarteritis, Wegener's sarcoidosis,
Scleritis, Steven- Johnson disease, pemphigoid, radial
keratotomy, and corneal graph rejection. Other
diseases associated with undesirable mitosis including
neovascularization can be treated according to the
present invention. Such diseases include, but are not
limited to, sickle cell anemia, sarcoid,
pseudoxanthoma elasticum, Paget's disease, vein
occlusion, artery occlusion, carotid obstructive
disease, chronic uveitis/vitritis, Lyme's disease,
systemic lupus erythematosis, Eales' disease, Bechet's
disease, infections causing a retinitis or
choroiditis, presumed ocular histoplasmosis, Best's
disease, myopia, optic pits, Stargart's disease, pars
planitis, chronic retinal detachment, hyperviscosity
syndromes, toxoplasmosis, and post-laser
complications. Other diseases include, but are not
limited to, diseases associated with rubeosis
(neovascularization of the iris and the angle) and
diseases caused by the abnormal proliferation of
fibrovascular or fibrous tissue including all forms of
proliferative vitreoretinopathy, whether or not
associated with diabetes. Another aspect of the
invention relates to the treatment of inflammatory
diseases including, but no limited to, excessive or
abnormal stimulation of endothelial cells {e.g.,
atherosclerosis), solid tumors and tumor metastasis,
benign tumors, for example, hemangiomas, acoustic
neuromas, neurofibromas, trachomas, and pyogenic
granulomas, vascular malfunctions, abnormal
woundhealing, inflammatory and immune disorders,
Bechet's disease, gout or gouty arthritis, abnormal
angiogenesis accompanying rheumatoid arthritis, skin
diseases, such as psoriasis, diabetic retinopathy and
other ocular angiogenic diseases such as retinopathy
of prematurity (retrolental fibroplasic), macular
degeneration, corneal graft rejection, neovascular
glaucoma and Osier Weber syndrome (Osler- Weber-Rendu
disease). Other undesired angiogenesis involves normal
processes including ovulation and implantation of a
blastula. Accordingly, the compositions described
above can b e used to block ovulation and implantation
of a blastula or to block menstruation (induce
amenorrhea). Another aspect of the invention relates
to inhibiting Aurora A activity in a biological
sample, which method comprises contacting the
biological sample with the Aurora A inhibitor of
formula I, or a composition thereof. Another aspect of
this invention relates to a method of inhibiting
Aurora A activity in a patient, which method comprises
administering to the patient a compound of formula I
or a composition comprising said compound. In another
aspect of this invention, compounds of formula I are
more potent inhibitors of Aurora A compared to Aurora
B . Another aspect of this invention relates to a
method of treating or preventing a GSK-3 -mediated
disease with a GSK-3 inhibitor, which method comprises
administering to a patient in need of such a treatment
a therapeutically 



effective amount of a compound of formula I or a
pharmaceutical composition thereof. The terms
"GSK-3-mediated disease, or "GSK-3-mediated
condition", as used herein, mean any disease or other
deleterious condition or state in which GSK-3 is known
to play a role. Such diseases or conditions include,
without limitation, diabetes, Alzheimer's disease,
Huntington's Disease, Parkinson's Disease,
AIDS-associated dementia, amyotrophic lateral
sclerosis (AML), multiple sclerosis (MS),
schizophrenia, cardiomycete hypertrophy,
reperfusion/ischemia, and baldness. One aspect of this
invention relates to a method of enhancing glycogen
synthesis and/or lowering blood levels of glucose in a
patient in need thereof, which method comprises
administering to the patient a therapeutically
effective amount of a compound of formula I or a
pharmaceutical composition thereof. This method is
especially useful for diabetic patients. Another
method relates toinhibiting the production of
hyperphosphorylated Tail protein, which is useful in
halting or slowing the progression of Alzheimer's
disease. Another method relates to inhibiting the
phosphorylation of .beta.-catenin, which is useful for
treating schizophrenia. Another aspect of the
invention relates to inhibiting GSK-3 activity in a
biological sample, which method comprises contacting
the biological sample with a GSK-3 inhibitor of
formula I . Another aspect of this invention relates
to a method of inhibiting GSK-3 activity in a patient,
which method comprises administering to the patient a
compound of formula I or a composition comprising said
compound. Another aspect of this invention relates to
a method of treating or preventing a CDK-2-mediated
disease with a CDK-2 inhibitor, which method comprises
administering to a patient in need of such a treatment
a therapeutically effective amount of a compound of
formula I or a pharmaceutical composition thereof. The
terms "CDK-2-mediated disease" or CDK-2-mediated
condition", as used herein, mean any disease or other
deleterious condition in which CDK-2 is known to play
a role. The terms "CDK-2-mediated disease" or
"CDK-2-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with a
CDK-2 inhibitor. Such conditions include, without
limitation, cancer, Alzheimer's disease, restenosis,
angiogenesis, glomerulonephritis, cytomegalovirus,
HIV, herpes, psoriasis, atherosclerosis, alopecia, and
autoimmune diseases such as rheumatoid arthritis, such
as are described for example in Fischer, P. M. and
Lane, D. P., Current Medicinal Chemistry, 7, 1213-
1245 (2000); Mani, S., Wang, C , Wu, K., Francis, R.
and Pestell, R., Exp. Opin. Invest. Drugs, 9, 1849
(2000); Fry, D. W. and Garrett, M. D., Current Opinion
in Oncologic, Endocrine & Metabolic Investigational
Drugs, 2, 40-59 (2000). Another aspect of the
invention relates to inhibiting CDK-2 activity in a
biological sample or a patient, which method comprises
administering to the patient a compound of formula I,
or a composition comprising said compound. Another
aspect of this invention relates to a method of
treating or preventing an ERK-2 -mediated diseases
with an ERK-2 inhibitor, which method comprises
administering to a patient in need of such a treatment
a therapeuticallyeffective amount of a compound of
formula I or a pharmaceutical composition thereof. The
terms "ERK-mediated disease" or "ERK-mediated
condition", as used herein mean any disease or other
deleterious condition in which ERK may play a role.
The terms "ERK-2-mediated disease" or "ERK-2-mediated
condition" also mean those diseases or conditions that
are alleviated by treatment with a ERK-2 inhibitor.
Such conditions include, without limitation, cancer,
stroke, diabetes, hepatomegaly, cardiovascular disease
including cardiomegaly, Alzheimer's disease, cystic
fibrosis, viral disease, autoimmune diseases,
atherosclerosis, restenosis, psoriasis, allergic
disorders including asthma, inflammation, neurological
disorders and hormone-related diseases. ERK-2 protein
kinase and its implication in various diseases has
been described for example in Bokemeyer et al. 1996,
Kidney Int. 49, 1187; Anderson et al., 1990, Nature
343, 651; Crews et al., 1992, Science 258, 478;
Bjorbaek et al., 1995, J. Biol. Chem. 270, 18848;
Rouse et al., 1994, Cell 78, 1027; Raingeaud et al.,
1996, MoI. Cell Biol. 16, 1247; Raingeaud et al. 1996;
Chen et al., 1993 Proc. Natl. Acad. Sci. USA 90,
10952; Oliver et al., 1995, Proc. Soc. Exp. Biol. Med.
210, 162; Moodie et al., 1993, Science 260, 1658; Frey
and Mulder, 1997, Cancer Res. 57, 628; Sivaraman et
al., 1997, J Clin. Invest. 99, 1478; Whelchel et al.,
1997, Am. J. Respir. Cell MoI. Biol. 16, 589. Another
aspect of the invention relates to inhibiting ERK-2
activity in a biological sample or a patient, which
method comprises administering to the patient a
compound of formula I, or a composition comprising
said compound. Another aspect of this invention
relates to a method of treating or preventing an
AKT-mediated diseases with an AKT inhibitor, which
method comprises administering to a patient in need of
such a treatment a therapeutically effective amount of
a compound of formula I or a pharmaceutical
composition thereof. The terms "AKT-mediated disease"
or "AKT-mediated condition", as used herein, mean any
disease or other deleterious condition in which AKT is
known to play a role. The terms "AKT-mediated disease"
or "AKT-mediated condition" also mean those diseases
or conditions that are alleviated by treatment with a
AKT inhibitor. AKT-mediated diseases or conditions
include, but are not limited to, proliferative
disorders, cancer, and neurodegenerative disorders.
The associationof AKTj also known as protein kinase B,
with various diseases has been described for example
in Khwaja, A., Nature, pp. 33-34, 1990; Zang, Q. Y.,
et al, Oncogene, 19 2000; Kazuhiko, N., et al, The
Journal of Neuroscience, 20 2000. Another aspect of
the invention relates to inhibiting AKT activity in a
biological sample or a patient, which method comprises
administering to the patient a compound of formula I,
or a composition comprising said compound. Another
aspect of this invention relates to a method of
treating or preventing a Src-mediated disease with a
Src inhibitor, which method comprises administering to
a patient in need of such a treatment a
therapeutically effective amount of a compound of
formula I or a pharmaceutical composition thereof. The
terms "Src-mediated disease" or "Src-mediated
condition", as used herein mean any disease or other
deleterious condition in which Src is known to play a
role. The terms "Src-mediated disease" or
"Src-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with a Src
inhibitor. Such conditions include, without
limitation, hypercalcemia, osteoporosis,
osteoarthritis, cancer, symptomatic treatment of bone
metastasis, and Paget's disease. Src protein kinase
and its implication in various diseases has been
described for example in Soriano, Cell, 69, 551
(1992); Soriano et al., Cell, 64, 693 (1991);
Takayanagi, J . Clin. Invest, 104, 137 (1999);
Boschelli, Drugs of the Future 2000, 25(7), 717,
(2000); Talamonti, J. Clin. Invest, 91, 53 (1993);
Lutz, Biochem. Biophys. Res. 243, 503 (1998); Rosen,
J. Biol. Chem., 261, 13754 (1986); Bolen, Proc. Natl.
Acad. Sci. USA, 84, 2251 (1987); Masaki, Hepatology,
27, 1257 (1998); Biscardi, Adv. Cancer Res., 76, 6 1
(1999); Lynch, Leukemia, 7, 1416 (1993); Wiener, Clin.
Cancer Res., 5, 2164 (1999); Staley, Cell Growth
Diff., 8, 269 (1997). Another aspect of the invention
relates to inhibiting Src activity in a biological
sample or a patient, which method comprises
administering to the patient a compound of formula I,
or a composition comprising said compound. Another
aspect of this invention relates to a method of
treating or preventing an Lck-mediated disease with an
Lck inhibitor, which method comprises administering to
a patient in need of such a treatment a
therapeutically effective amount of a compound of
formula I, or a pharmaceutical composition thereof.The
terms "Lck-mediated disease" or "Lck-mediated
condition", as used herein, mean any disease state or
other deleterious condition in which Lck is known to
play a role. The terms "Lck-mediated disease" or
"Lck-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
Lck inhibitor. Lck-mediated diseases or conditions
include, but are not limited to, autoimmune diseases
such as transplant rejection, allergies, rheumatoid
arthritis, and leukemia. The association of Lck with
various diseases has been described for example in
Molina et al., Nature, 357, 161 (1992). Another aspect
of the invention relates to inhibiting Lck activity in
a biological sample or a patient, which method
comprises administering to the patient a compound of
formula I, or a composition comprising said compound.
Another aspect of this invention relates to a method
of treating or preventing an Abl-mediated disease with
an AbI inhibitor, which method comprises administering
to a patient in need of such a treatment a
therapeutically effective amount of a compound of
formula I, or a pharmaceutical composition thereof.
The terms "Abl-mediated disease" or "Abl-mediated
condition", as used herein, mean any disease state or
other deleterious condition in which AbI is known to
play a role. The terms "Abl-mediated disease" or
"Abl-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
AbI inhibitor. Abl-mediated diseases or conditions
include, but are not limited to, leukemias,
particularly chronic myeloid leukemia. The association
of AbI with various diseases has been described for
example in Druker, et al., N. Engl. J. Med.2001, 344,
1038-1042. Another aspect of the invention relates to
inhibiting AbI activity in a biological sample or a
patient, which method comprises administering to the
patient a compound of formula I, or a composition
comprising said compound. Another aspect of this
invention relates to a method of treating or
preventing a cKit-mediated disease with an cKit
inhibitor, which method comprises administering to a
patient in need of such a treatment a therapeutically
effective amount of a compound of formula I, or a
pharmaceutical composition thereof. The terms
"cKit-mediated disease" or "cKit-mediated condition",
as used herein, mean any disease state or other
deleterious condition in which cKit isknown to play a
role. The terms "cKit-mediated disease" or
"cKit-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
cKit inhibitor. cKit-mediated diseases or conditions
include, but are not limited to, mastocytosis/mast
cell leukemia, gastrointestinal stromal tumor,
sinonasal natural killer/T-cell lymphoma,
seminoma/dysgerminoma, throid carcinoma, samll-cell
lung carcinoma, malignant melanoma, adenoid cystic
carcinoma, ovarian carcinoma, acute myelogenious
leukemia, anaplastic large-cell lymphoma,
angiosarcoma, endometrial carcinom, pediatric T-cell
ALL/lymphoma, breast carcinoma and prostate carcinoma.
The association of cKit with various diseases has been
described for example in Heinrich, et al, J. Clinical
Oncology 2002, 20, 1692-1703. Another aspect of the
invention relates to inhibiting cKit activity in a
biological sample or a patient, which method comprises
administering to the patient a compound of formula I ,
or a composition comprising said compound. Another
aspect of this invention relates to a method of
treating or preventing a Flt3-mediated disease with an
Flt3 inhibitor, which method comprises administering
to a patient in need of such a treatment a
therapeutically effective amount of a compound of
formula I, or a pharmaceutical composition thereof.
The terms "Flt3 -mediated disease" or "Flt3-mediated
condition", as used herein, mean any disease state or
other deleterious condition in which Flt3 is known to
play a role. The terms "Flt3 -mediated disease" or
"Flt3-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
Flt3 inhibitor. Flt3-mediated diseases or conditions
include, but are not limited to, acute myelogenous
leukemia, mixed lineage leukemia and acute 



lymphocytic leukemia. The association of Flt3 with
various diseases has been described for example in
Sternberg and Licht, Curr. Opm Hematol. 2004, 12, 7-
13. Another aspect of the invention relates to
inhibiting Flt3 activity in a biological sample or a
patient, which method comprises administering to the
patient a compound of formula I , or a composition
comprising said compound. Another aspect of this
invention relates to a method of treating or
preventing a KDR-mediated disease with a KDR
inhibitor, which method comprises administering to a
patient in need of such a treatment a
therapeuticallyeffective amount of a compound of
formula I5 or a pharmaceutical composition thereof.
The terms "KDR-mediated disease" or "KDR-mediated
condition", as used herein, mean any disease state or
other deleterious condition in which KDR is known to
play a role. The terms "KDR-mediated disease" or
"KDR-mediated condition" also mean those diseases or
conditions that are alleviated by treatment with an
KDR inhibitor. KDR-mediated diseases or conditions
include, but are not limited to, carcinoma of the
lung, breast, gastrointestinal tract, kidney, bladder,
ovary and endometrium, intracranial tumors including
glioblatoma multiforme, sporadic capillary
hemangioblastoma, hematological malignancies,
including T cell lymphoma, acute lymphoblastic
leukemia, Burkitt's lymphoma and promyelocytic
leukemia, age-related macular degeneration, herpetic
ocular disease, rheumatoid arthritis, cerebral
ischemia and endometriosis. The association of KDR
with various diseases has been described for example
in Ferrara, Endocrine Reviews 2004, 25, 581-6 11.
Another aspect of the invention relates to inhibiting
KDR activity in a biological sample or a patient,
which method comprises administering to the patient a
compound of formula I, or a composition comprising
said compound. The term "patient" includes human and
veterinary subjects. The term "biological sample", as
used herein, includes, without limitation, cell
cultures or extracts thereof; preparations of an
enzyme suitable for in vitro assay; biopsied material
obtained from a mammal or extracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body
fluids or extracts thereof. An amount effective to
inhibit protein kinase, for example, Aurora A, is an
amount that causes measurable inhibition of the kinase
activity when compared to the activity of the enzyme
in the absence of an inhibitor. Any method may be used
to determine inhibition, such as, for example, the
Biological Testing Examples described below. The term
"pharmaceutically acceptable carrier, adjuvant, or
vehicle" refers to a non-toxic carrier, adjuvant, or
vehicle that may be administered to a patient,
together with a compound of this invention, and which
does not destroy the pharmacological activity thereof.
Pharmaceutically acceptable carriers that may b e used
in these pharmaceutical compositions are generally
known in the art. They include, but arenot limited to,
ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, solvents,
salts or electrolytes, such as protamine sulfate,
disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, silicates,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, oils, polyethylenepolyoxypropylene- block
polymers, polyethylene glycol and wool fat.
Pharmaceutically accepted vehicles can contain
mixtures of more than one excipient in which the
components and the ratios can be selected to optimize
desired characteristics of the formulation including
but not limited to shelf-life, stability, drug load,
site of delivery, dissolution rate, self-emulsif
cation, control of release rate and site of release,
and metabolism. The compositions of the present
invention may b e administered orally, parenterally,
by inhalation, topically, rectally, nasally, buccally,
vaginally, transdermally, or via an implanted
reservoir. The term "parenteral" as used herein
includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal,
intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques.
Preferably, the compositions are administered orally,
subcutaneously, intraperitoneally or intravenously.
Formulations can be prepared by a variety of
techniques known in the art. Examples of formulation
techniques can be found in literature publications and
in texts such as "Water-insoluble drug formulation",
edited by Rong Liu, 2000, Interpharm Press. Sterile
injectable forms of the compositions of this invention
may be aqueous or oleaginous suspension. These
suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution
or suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example as a solution in
1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose,any bland fixed oil may be employed including
synthetic mono-or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in
the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated
versions. These oil solutions or suspensions may also
contain a long-chain alcohol diluent or dispersant,
such as carboxymethyl cellulose or similar dispersing
agents which are commonly used in the formulation of
pharmaceutically acceptable dosage forms including
emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other
surface-active emulsifying agents or bioavailability
enhancers which are commonly used in the manufacture
of pharmaceutically acceptable solid, liquid, or other
dosage forms may also be used for the purposes of
formulation. The pharmaceutical compositions of this
invention may be prepared by techniques known in the
art and may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, aqueous suspensions or solutions.
In the case of tablets for oral use, carriers commonly
used include but are not limited to celluloses,
lactose, or corn starch. Lubricating agents, such as
magnesium stearate, are also typically added. For oral
administration in a capsule form, useful diluents or
carriers include lactose and dried cornstarch. When
aqueous suspensions or solutions are required for oral
use, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be
added. Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administration. These can be
prepared using techniques known in the art including
for example by mixing the agent with a suitable
non-irritating excipient, which is solid at room
temperature but liquid at rectal temperature, and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and
polyethylene glycols. The pharmaceutical compositions
of this invention may also be administered topically,
especially when the target of treatment includes areas
or organs readily accessible by topical application,
including diseases of the eye, the skin, the airways,
or the lower intestinal tract. Suitable topical
formulations are readily prepared for each of these
areas or organs using techniques known in the art. For
example, topical application for the lower intestinal
tract can be effectedin a rectal suppository
formulation (see above) or in a suitable enema
formulation. Topically-transdermal patches may also be
used. For topical or transdermal applications, the
pharmaceutical compositions may be formulated by
techniques known in the art in a suitable ointment or
base containing the active component suspended or
dissolved in one or more carriers. Carriers for
topical administration of the compounds of this
invention are well known in the art and include, but
are not limited to, mineral oil, liquid petrolatum,
white petrolatum, propylene glycol, polyoxyethylene,
polyoxypropylene compound, emulsifying wax, and water.
Alternatively, the pharmaceutical compositions can be
formulated in a suitable lotion or cream containing
the active components suspended or dissolved in one or
more pharmaceutically acceptable carriers. Suitable
carriers include, but are not limited to, mineral oil,
sorbitan monostearate, polysorbate 60, cetyl esters
wax, cetearyl alcohol, 2- octyldodecanol, benzyl
alcohol and water. For ophthalmic use, the
pharmaceutical compositions may be formulated by
techniques known in the art as micronized or
nanometer-sized suspensions in isotonic, pH adjusted
sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with or
without a preservative such as benzylalkonium
chloride. Alternatively, for ophthalmic uses, the
pharmaceutical compositions may be formulated in an
ointment such as petrolatum. The pharmaceutical
compositions of this invention may also be
administered by nasal aerosol or inhalation. Such
compositions are prepared according to techniques
well-known in the art of pharmaceutical formulation
and may be prepared as suspensions or solutions in
saline, optionally employing benzyl alcohol or other
suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other
conventional solubilizing or dispersing agents. The
present invention can be used to treat inflammatory or
immune mediated diseases in humans or animals, wherein
the inflammatory or immune mediated diseases include,
but are not limited to, rheumatoid arthritis,
osteoarthritis, ulcerative colitis, Crohn's disease,
Mooren's ulcer, arthritis, sarcoidosis, inflammatory
or immune mediated bowel disease, systemic lupus,
Wegener's syndrome, Stevens- Johnson disease, Behcet's
disease, pemphigoid, Lyme's disease, asthma or
acquired immune deficiency syndrome.The present
invention can be used to treat infectious diseases in
humans or animals, wherein the infectious diseases
include, but are not limited to syphilis, a bacterial
infection, a Mycobacterial infection, a bacterial
ulcer, a fungal ulcer, a Herpes simplex infection, a
Herpes zoster infection, a protozoan infection, a
Bartonellosis infection, or toxoplasmosis. The present
invention can b e used to treat blood or blood vessel
diseases in humans or animals, wherein the blood or
blood vessel diseases include, but are not limited to,
vein occlusion, artery occlusion, carotid obstructive
disease, polyarteritis, atherosclerosis,
Osler-Weber-Rendu disease, sickle cell anemia,
leukemia, acute or chronic neoplastic disease of the
bone marrow, hemangiomas, hereditary hemorrhagic
telangiectasia, disease of the bone marrow, anemia,
impaired blood clotting or enlargement of the lymph
nodes, liver, or spleen. The present invention can
also b e used to treat chronic neoplastic disease of
the bone marrow, wherein those diseases include, but
are not limited to, multiple myeloma and myelo
dysplastic syndrome. The present invention can b e
used to treat skin conditions in a humans or an
animals, wherein the skin conditions include, but are
not limited to, abnormal wound healing, acne rosacea,
chemical burns of the skin, dermatitis or psoriasis.
In addition, the invention can be used to treat a
variety of post-menopausal symptoms, osteoporosis,
cardiovascular disease, myocardial angiogenesis,
plaque neovascularization, hemophiliac joints,
angiofibroma, wound granulation, intestinal adhesions,
scleroderma, hypertrophic scars; i.e., keloids. They
are also useful in the treatment of diseases that have
angiogenesis as a pathologic consequence, such as cat
scratch disease, and Helicobacter pylori ulcers. The
invention can also be used to treat Alzheimer's
disease, to reduce the incidence of stroke, and as an
alternative to prior estrogen replacement therapies.
The compounds of the present invention can work by
estrogenic and non-estrogenic biochemical pathways. 



Additionally, the compounds of the present invention
can b e used to treat endometriosis. Endometriosis is
the abnormal growth of endometrial cells; the same
cells that line the uterus that are shed monthly in
the menstrual process. Wayward endometrial cells can
position themselves in the lower abdomen on areas such
as the cul-de-sac, the recto-vaginal septum, the
stomach, the fallopian tubes, the ovaries, and the
bladder. During menstruation, the normal uterinelining
is sloughed off and expelled through the vagina, but
transplanted endometrial tissue has no means of
exiting the body; instead the endometrial tissue and
cells adhere and grow where positioned. The results
are internal bleeding, inflammation, and scarring. One
of the serious consequences of endometrial scarring is
infertility. The endometrial growths are generally not
malignant or cancerous. Among other complications, the
growths can rupture and can spread the endometriosis
to new areas of the lower abdomen. Endometriosis is a
progressive disease. The growths or lesions are first
seen as clear vesicles, then become red, and finally
progress to black lesions over a period of seven to
ten years. In addition, the compounds of this
invention, can be formulated to increase the
bioavailability of the compound by methods well know
to those of ordinary skill in the art. Methods of
formulating the compounds of this invention and
examples of formulations are described in
"Water-Insoluble Drug Formulation" Rong Liu editor,
CRC Press LLC, 2000, which is incorporated herein by
reference in its entirety. Formulations contemplated
as part of this invention include nanoparticles
formulations made by controlled precipitation methods
and by methods disclosed in U.S. Patent Application
No. 10/392,403 (Publication No. 2004/0033267), which
is hereby incorporated by reference in its entirety.
Common excipients for nanoparticles known in the art
include water, surface active agents such as sugar
polymers (modified celluloses) and detergents, and
also optionally preservatives such as benzalkonium
salts, benzoic acid or salts thereof, or parabens. By
forming nanoparticles, the compositions disclosed
herein have increased bioavailability. Preferably, the
particles of the compounds of the present invention
have an effective average particle size of less than
about 2 microns, less than about 1900 nm, less than
about 1800 nm, less than about 1700 nm, less than
about 1600 nm, less than about 1500 nm, less than
about 1400 nm, less than about 1300 nm, less than
about 1200 nm, less than about 1100 nm, less than
about 1000 nm, less than about 900 nm, less than about
800 run, less than about 700 nm, less than about 600
nm, less than about 500 nm, less than about 400 nm,
less than about 300 nm, less than about 250 nm, less
than about 200 nm, less than about 150 nm, less than
about 100 nm, less than about 75 nm, or less than
about 50 nm, as measured by light-scattering methods,
microscopy, or other appropriate methodswell known to
those of ordinary skill in the art. Nanoparticle
preparations can be incorporated into many of the
formulation approaches described here, including for
example suspensions or creams or ointments for topical
or transdermal administration, suspensions or powders
or tablets or capsules or pellets for suppositories or
for oral administration, suspensions for sterile
injectable formulations, and polymer formulations. The
compounds that make up this invention can b e
incorporated into biodegradable or non-biodegradable
polymers allowing for sustained release of the
compound. The polymers can b e implanted so that the
drug is delivered parenterally throughout the body or
the polymers with the compounds that make up this
invention can b e implanted in the vicinity of the
tumor. A review of polymers in controlled drug
delivery can b e found for example in "Biodegradable
Polymers as Drug Delivery Systems, Chasin M and Langer
R (eds), New York, Marcel Dekker, 1990, which is
incorporated herein by reference in its entirety.
Another review can b e found in "Handbook of
Biodegradable Polymers", D. Weseman, J . Kost and A .
Domb, Taylor & Francis, 1998, which is incorporated
herein by reference in its entirety. A
"pharmaceutically acceptable derivative or prodrug"
means any pharmaceutically acceptable salt, ester,
amide, salt of an ester or amide, or other derivative
of a compound of this invention which, upon
administration to a recipient, is capable of
providing, either directly or indirectly, a compound
of this invention or an inhibitorily active metabolite
or residue thereof. Particularly favored derivatives
or prodrugs are those that increase the
bioavailability of the compounds of this invention
when such compounds are administered to a patient
(e.g., by allowing an orally administered compound to
b e more readily absorbed into the blood) or which
enhance delivery of the parent compound to a
biological compartment (e.g., the brain or lymphatic
system) relative to the parent species.
Pharmaceutically acceptable prodrugs of the compounds
of this invention include, without limitation, the
following derivatives of the present compounds:
esters, amino acid esters, amino acid amides,
phosphate esters, metal salts, sulfonate esters,
carbamates, and amides. Pharmaceutically acceptable
salts of the compounds of this invention include those
derived from pharmaceutically acceptable inorganic and
organic acids and bases. Examples of suitable acid
salts include acetate, adipate, alginate,aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate,
citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptanoate,
glycerophosphate, glycolate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide,
2- hydroxyethanesulfonate, lactate, maleate, malonate,
methanesulfonate, 2- naphthalenesulfonate, nicotinate,
nitrate, oxalate, palmoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate,
propionate, salicylate, succinate, sulfate, tartrate,
thiocyanate, tosylate and undecanoate. Other acids,
such as oxalic, while not in themselves
pharmaceutically acceptable, may b e employed in the
preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts. Salts
derived from appropriate bases include alkali metal
(e.g., sodium and potassium), alkaline earth metal
(e.g., magnesium), ammonium and N+(C1-4 alkyl) 4
salts. This invention also envisions the
quaternization of any basic nitrogencontaining groups
of the compounds disclosed herein. Water or
oil-soluble or dispersible products may be obtained by
such quaternization. The amount of the protein kinase
inhibitor that may be combined with the carrier
materials to produce a single dosage form will vary
depending upon the patient treated and the particular
mode of administration. Preferably, the compositions
should be formulated so that a dosage of between
0.01-100 mg/kg body weight/day of the inhibitor can be
administered to a patient receiving these
compositions. It should also be understood that a
specific dosage and treatment regimen for any
particular patient will depend upon a variety of
factors, including the activity of the specific
compound employed, the age, body weight, general
health, sex, diet, time of administration, rate of
excretion, drug combination, and the judgment of the
treating physician and the severity of the particular
disease being treated. The amount of the inhibitor
will also depend upon the particular compound in the
composition. Depending upon the particular protein
kinase-mediated condition to be treated or prevented,
additional therapeutic agents, which are normally
administered to treat or prevent that condition, may
be administered together with the inhibitors of this
invention. For example, in the treatment of cancer,
other kinase inhibitors, chemotherapeutic agents,
anti-angiogenesis agents, anti-nauseaagents,
colony-stimulating factors, or other antiproliferative
agents may be combined with the present compounds to
treat cancer as is known in the art. These agents
include, without limitation, bevacizumab, adriamycin,
dexamethasone, vincristine, cyclophosphamide,
fluorouracil, topotecan, taxanes, interferons, and
platinum derivatives. Other examples of agents the
inhibitors of this invention may also be combined with
include, without limitation, agents for treating
diabetes such as insulin or insulin analogues, in
injectable or inhalation form, glitazones, alpha
glucosidase inhibitors, biguanides, insulin
sensitizers, and sulfonyl ureas; antiinflammatory
agents such as corticosteroids, TNF blockers, IL-I RA,
azathioprine, cyclophosphamide, and sulfasalazine;
immunomodulatory and immunosuppressive agents such as
cyclosporin, tacrolimus, rapamycin, mycophenolate
mofetil, interferons, corticosteroids,
cyclophophamide, azathioprine, and sulfasalazine;
neurotrophic factors such as acetylcholinesterase
inhibitors, MAO inhibitors, interferons,
anti-convulsants, ion channel blockers, riluzole, and
anti-Parkinsonian agents; agents for treating
cardiovascular disease such as beta-blockers, ACE
inhibitors, diuretics, nitrates, calcium channel
blockers, and statins; agents for treating liver
disease such as corticosteroids, cholestyramine,
interferons, and anti-viral agents; agents for
treating blood disorders such as corticosteroids,
anti-leukemic agents, and growth factors; therapeutic
antibodies such as bevacizumab; and agents for
treating immunodeficiency disorders such as gamma
globulin. Those additional agents may be administered
separately from the protein kinase
inhibitor-containing composition, or as part of a
multiple dosage regimen. Alternatively, those agents
may be part of a single dosage form, mixed together
with the protein kinase inhibitor of this invention in
a single composition. Compounds of this invention may
exist in alternative tautomeric forms, for example as
in tautomers shown below. Unless otherwise indicated,
the representation of any tautomer is meant to include
any other tautomers.In one embodiment, the present
invention provides a compound of formula I or a
pharmaceutically acceptable derivative or prodrug
thereof, Formula I wherein: Rx and Ry are
independently selected from the group consisting of
-T-R3 and -L-Z-R3; Q' is selected from the group
consisting of -CR 6 =CR6 - and - =- , wherein said -CR
6 =CR6 - may be a cis or trans double bond or a
mixture thereof; R1 is -T-(Ring D); Ring D is a 5-7
membered monocyclic ring or 8-10 membered bicyclic
ring selected from the group consisting of aryl,
heteroaryl, heterocyclyl, and carbocyclyl, said
heteroaryl or heterocyclyl ring having 1-4 ring
heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur, wherein each
substitutable ring carbon of Ring D is independently
substituted by oxo, -T-R5, or -V-Z-R5, and each
substitutable ring nitrogen of Ring D is independently
substituted by -R4; T is a valence bond or
-(C(R6')2)-A-; A is a valence bond or a C]-C
alkylidene chain wherein a methylene unit of said C]-3
alkylidene chain is optionally replaced by -O-, -S-,
-N(R4)-, -CO-, -CONH-, -NHCO-, -SO2 -, -SO2NH-, -NHSO2
-, -CO2 -, -OC(O)-, -OC(O)M-, or -NHCO 2-; Z is a C1-4
alkylidene chain; L is selected from the group
consisting of -0-, -S-, -SO-, -SO 2-, -N(R 6)SO 2 -,
-SO2N(R 6)-, -N(R 6)-, -CO-, -CO2-, -N(R 6)CO-, -N(R
6)C(0)0-, - N(R 6)CON(R 6)-, -N(R 6)SO 2N(R 6)-, -N(R
6)N(R 6)-, -C(O)N(R 6)-, -OC(O)N(R 6)-, - C(R 6)2O-,
-C(R 6)2-5 -C(R 6)2SO-, -C(R 6)2SO2-, -C(R 6)2SO2N(R
6)-, -C(R 6)2N(R 6)-, - C(R 6)2N(R 6)C(O)-, -C(R 6)
2N(R 6)C(O)O-, -C(R 6)=NN(R 6)-, -C(R 6)=N-0-, - C(R
6)2N(R 6)N(R 6)-, -C(R 6)2N(R 6)SO2N(R 6)-, and -C(R
6) 2N(R 6)CON(R 6)-; R and R are independently
selected from the group consisting of -R and -T-W-R 6,
or R2 and R2 taken together with their intervening
atoms form a fused, 5-8 membered, unsaturated or
partially unsaturated ring having 0-3 ring heteroatoms
selected from the group consisting of nitrogen,
oxygen, and sulfur, wherein each substitutable ring
carbon of said fused ring formed by R2 and R2 is
independently substituted by halo, oxo, -CN, -NO2, R7,
or -V-R 6, and each substitutable ring nitrogen of
said ring formed by R2 and R2 is independently
substituted by -R4; 



R3 is selected from the group consisting of -R, -halo,
-OR, -C(=O)R, - CO2R, -COCOR, -COCH 2COR, -NO2, -CN,
-S(O)R, -S(O) 2 R, -SR, -N(R 4)2, - CON(R 7)2, -SO2N(R
7)2, -OC(=O)R, -N(R 7)C0R, -N(R 7)CO 2(C!-6
aliphatic), - N(R 4)N(R4)2 -C=NN(R 4)2, -C=N-OR, -N(R
7)CON(R 7)2, -N(R 7) SO2N(R 7)2, - N(R 4)SO2R, and
-OC(O)N(R) 2; each R is independently hydrogen or an
optionally substituted group selected from the group
consisting of C1-6 aliphatic, C -io aryl, a heteroaryl
ring having 5-10 ring atoms, and a heterocyclyl ring
having 5-10 ring atoms; each R4 is independently
selected from the group consisting of -R7, -COR 7, -CO
2(optionally substituted C1-6 aliphatic), -CON(R 7)2,
and -SO 2R7 ; each R5 is independently selected from
the group consisting of -R, halo, - OR, -C(=0)R, -CO
2R, -COCOR, -NO2, -CN, -S(O)R, -SO 2 R, -SR, -N(R 4)2,
- CON(R 4)2, -SO 2N(R 4)2, -OC(O)R, -N(R 4)COR, -N(R
4)CO 2 (optionally substituted C1-6 aliphatic), -N(R
4)N(R 4)2, -C=NN(R 4)2, -C=N-OR, - N(R 4)CON(R 4)2,
-N(R 4)SO 2N(R 4)2, -N(R4)SO2R, and -OC(=O)N(R 4)2; V
is selected from the group consisting of -0-, -S-,
-SO-, -SO -, - N(R 6)SO2-, -SO2N(R 6)-, -N(R 6)-,
-CO-, -CO2-, -N(R 6)CO-, -N(R 6)C(O)O-,
-N(R6)CON(R6)-, -N(R6)SO2N(R6> , -N(R6)N(R6)-,
-C(O)N(R6)-, -OC(O)N(R6)-, - C(R 6) 2O-, -C(R 6)2S-,
-C(R 6)2SO-, -C(R 6)2SO2-, -C(R 6)2SO2N(R 6)-, -C(R
6)2N(R 6)- , -C(R 6)2N(R 6)C(O)-, -C(R 6)2N(R
6)C(O)O-, -C(R 6)=NN(R 6)-, -C(R 6)=N-O-, - C(R 6)2N(R
6)N(R 6)-, -C(R 6)2N(R 6)SO 2N(R 6)-, and -C(R 6)2N(R
6)CON(R 6)-; W is selected from the group consisting
of -C(R 6)2O-, -C(R 6)2S-, - C(R 6)2SO-, -C(R 6)2SO2-,
-C(R 6)2SO2N(R 6)-, -C(R 6)2N(R 6)-, -CO-, -CO 2-, -
C(R 6)OC(O)-, -C(R 6)OC(O)N(R 6)-, -C(R 6)2N(R 6) CO-,
-C(R 6)2N(R 6)C(O)O-, - C(R 6)=NN(R 6)-, -C(R 6)=N-O-,
-C(R 6)2N(R 6)N(R 6)-, -C(R 6)2N(R 6)SO 2N(R 6)-, -
C(R 6)2N(R 6)CON(R 6)-, and -CON(R 6)-; each R6 is
independently selected from the group consisting of
hydrogen and an optionally substituted Ci-4 aliphatic
group, or two R6 groups on the same nitrogen atom may
be taken together with the nitrogen atom to form a 5-6
membered heterocyclyl or heteroaryl ring; each R6' is
independently selected from the group consisting of
hydrogen and a C1-4 aliphatic group, or two R6 on the
same carbon atom are taken together to form a 3-6
membered carbocyclic ring; each R is independently
selected from the group consisting of hydrogen, a C i-
aliphatic group, halogen, optionally substituted aryl,
and optionally substituted heteroaryl, or two R6 on
adjacent carbon atoms are taken together to form a 5-7
membered carbocyclic or heterocyclic ring, or one of
the R6" can be taken together with a substituent on
ring D to form a fused bicyclic carbocylcic or
heterocyclic ring; and each R7 is independently
selected from the group consisting of hydrogen and an
optionally substituted C1- aliphatic group, or two R7
on the same nitrogen are taken together with the
nitrogen to form a 5-8 membered heterocyclyl or
heteroaryl ring. In one embodiment, the present
invention provides a compound of formula Ia or a
pharmaceutically acceptable derivative or prodrug
thereof,wherein R2, R2', Rx, Ry, and R1 is defined as
in formula I; Qa is cis or trans -CR 6"=CR6"- or a
mixture thereof; and each R6" is independently
selected from hydrogen, methyl, halogen, optionally
substituted aryl, and optionally substituted
heteroaryl. In some embodiments, the invention
provides compounds of formula Ia wherein Qa is trans
-CR6"=CR 6 '-. In another embodiment, the present
invention provides a compound of formula Ib or a
pharmaceutically acceptable derivative or prodrug
thereof, Ib wherein R2, R2 , Rx, Ry, and R1 is defined
as in formula I, and Qb is - =- . Preferred Rx groups
in the compounds of formula I, Ia, Ib, II, Ha, and lib
include hydrogen, alkyl, amino, nitro, alkyl- or
dialkylamino, acetamido, or a Ci-4 aliphatic group
such as methyl, ethyl cyclopropyl, or isopropyl, and
most preferably hydrogen and amino. Preferred Ry
groups in the compounds of formula I , Ia, Ib, II, Ha,
and lib include -T-R 3 or -L-Z-R 3 wherein T is a
valence bond or a alkyl (1-6 carbons in length,
branched or unbranched) or alkene (1-6 carbons in
length, branched or unbranched), L is -O-, -S-, -C(R)
2O-, -CO-, C(O)N(R 6)-, or -N(R 4)-, and R3 is -R,
-N(R 4)2, or OR. Preferred Ry groups include 5-6
membered heteroaryl or non-aromatic heterocyclic
rings, such as 2-pyridyl, 3-pyrididyl, 4-pyridyl,
pyrrolidinyl, piperidinyl, morpholinyl,
hydroxypiperidinyl, N-(4- hydroxypiperidin)-yl,
0-(4-piperidinyl), piperazinyl, alkylpiperazinyl, or
4- methylpiperazinyl, N-acetylpiperizinyl,
N-alkylcarboxamidpiperizinyl, N-
(methylsulfone)piperizinyl, thiophene, furan,
tetrahydrofuran, cyclo[2.2.1]heptenyl; Ci- aliphatic,
such as methyl, ethyl, cyclopropyl, isopropyl, or
t-butyl; alkoxyalkylamino such as methoxyethylamino;
alkoxyalkyl such as methoxymethyl or methoxyethyl;
amino, alkyl- or dialkylamino such as ethylamino or
dimethylamino; alkyl- or dialkylaminoalkoxy such as
dimethylaminopropyloxy; acetamido; alkoxycarbonyl;
alkyl- anddialkylamidocarbonyl; and optionally
substituted phenyl such as phenyl or halosubstituted
phenyl. For amine nitrogens, the N can be in the free
base form, a pharmaceutically acceptable salt or the
quaternary salt. This invention envisions that R3 can
be attached to L or T through either the heteroatom or
any ring atom where there is a hydrogen available for
ring attachment. R2 and R2 may be taken together to
form a fused ring, thus providing a bicyclic ring
system containing a pyrazole ring. Preferred fused
rings include benzo, pyrido, pyrimido, a partially
unsaturated 6-membered carbocyclo ring, wherein said
fused ring is optionally substituted. Fused 5-membered
rings are also envisioned and include but are not
limited to pyrrolo, tetrahydrofuran,
tetrahydrothiofuran imidazolidine and pyrazolidine.
These are exemplified in the following formula I
compounds having a pyrazole-containing bicyclic ring
system, but also apply to compounds of formula Ia and
Ib:Preferred substituents on the R2/R2' fused rings
include one or more of the following: -halo, -N(R4)2,
-C1-3 alkyl, -C1-3 haloalkyl, -NO2, -0(Ci -3 alkyl), -
CO2(Ci -3 alkyl), -CN, -SO2(C1-3 alkyl), -SO2NH2,
-OC(O)NH2, -NH2SO2(Ci-3alkyl), -NHC(O)(Ci 3 alkyl),
-C(O)NH2, and -CO(Ci 3 alkyl), wherein the (Cu alkyl)
is most preferably methyl. When the pyrazole ring
system is monocyclic, preferred R2 groups include
hydrogen, Ci-4 aliphatic, alkoxycarbonyl,
(un)substituted phenyl, hydroxyalkyl, alkoxyalkyl,
aminocarbonyl, mono- or dialkylaminocarbonyl,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
phenylaminocarbonyl, and (Nheterocyclyl) carbonyl.
Examples of such preferred R substituents include
methyl, cyclopropyl, ethyl, isopropyl, propyl,
t-butyl, cyclopentyl, phenyl, CO2H, CO2CH3, CH2OH,
CH2OCH 3, CH2CH2CH2OH, CH2CH2CH2OCH 3, CH2CH2CH2OCH
2Ph, CH2CH2CH2NH2, CH2CH2CH2NHCOOC(CH 3)3, CONHCH(CH
3)2, CONHCH 2CH=CH 2, CONHCH 2CH 2OCH 3, CONHCH 2Ph,
CONH(cyclohexyl), CON(Et) 2, CON(CH 3)CH 2Ph, CONH(n-C
3H7), CON(Et)CH 2CH2CH3, CONHCH 2CH(CH 3)2, CON(n-C
3H7)2, CO(3-methoxymethylpyrrolidm-l-yl),
CONH(3-tolyl), CONH(4-tolyl), CONHCH 3,
CO(morpholin-l-yl), CO(4-methylpiperazin-l-yl), CONHCH
2CH2OH, CONH 2, and CO(piperidin-l-yl). A preferred
R2' group is hydrogen. When Ring D of formula I, Ia,
or Ib is monocyclic, preferred Ring D groups include
optionally substituted phenyl, pyridyl, pyridazinyl,
pyrimidinyl, and pyrazinyl. When Ring D of formula I,
Ia, or Ib is bicyclic, preferred optionally
substituted bicyclic Ring D groups include naphthyl,
tetrahydronaphthyl, indanyl, benzimidazolyl,
quinolinyl, indolyl, isoindolyl, indolinyl,
benzo[b]furyl, benzo[b]thiophenyl, indazolyl,
benzothiazolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxazolinyl, 1,8-naphthyridinyl and
isoquinolinyl. On Ring D of formula I, Ia, or Ib,
preferred T-R 5 or V-Z-R5 substituents include -halo,
-CN, -NO 2, -N(R 4)2, optionally substituted C1-
aliphatic group, - OR, -C(O)R, -CO 2R, -CONH(R 4),
-N(R 4)C0R, -N(R 4)CO 2R, -SO2N(R 4)2, - N(R 4)SO2R,
-N(R 6)COCH 2 N(R 4)2, -N(R 6)COCH 2CH2N(R 4)2, and -
N(R 6)COCH 2CH2CH2 N(R 4)2, wherein R is selected from
hydrogen, Ci-6 aliphatic, phenyl, a 5-6 membered
heteroaryl ring, or a 5-6 membered heterocyclic ring.
More preferred R5 substituents include -Cl, -Br, -F,
-CN, -CF 3, -COOH, - CONHMe, -CONHEt, -NH 2, -NHAc,
-NHSO 2Me, -NHSO 2Et, -NHSO 2(n-propyl), -NHSO
2(isopropyl), -NHCOEt, -NHCOCH 2NHCH 3, -NHCOCH 2N(CO
2t-Bu)CH3, -NHCOCH2N(CH3)2, -NHCOCH2CH2 N(CH3)2,
NHCOCH 2CH2CH2N(CH 3) , -NHCOCcyclopropyl),
-NHCO(isobutyl), NHCOCH 2(morpholin-4-yl), -NHCOCH
2CH2(morpholin-4-yl), -NHCOCH2CH2CH2( morpholin-4-yl),
-NHCO 2(t-butyl), -NH(Ci -4 aliphatic) such as - NHMe,
-N(Ci -4 aliphatic) 2 such as -NMe 2, OH, -0 (C
aliphatic) such as -OMe, C1-4 aliphatic such as
methyl, ethyl, cyclopropyl, isopropyl, or t-butyl, and
-CO 2 (Ci -4 aliphatic). Preferred formula I compounds
have one, two, three, four, five, or all of the
features selected from the group consisting of: (a) Rx
is hydrogen, nitro, amino, alkyl- or dialkylamino,
acetamido, or a Ci 4 aliphatic group; (b) Ry is -T-R 3
or -L-Z-R 3, wherein T is a valence bond or -(C(R
6')2)- and R3 is -R, -N(R 4)2, -OR, or -CO 2R; (c) R1
is -T-(Ring D), wherein T is a valence bond or -(C(R
6')2)- ; (d) Ring D is an optionally substituted 5-7
membered monocyclic or an 8-10 membered bicyclic aryl
or heteroaryl ring; (e) R2 is -R or -T-W-R 6 and R2'
is hydrogen, or R2 and R2' are taken together to form
an optionally substituted benzo ring; and (f) each R6
is independently hydrogen, a Ci-4 aliphatic group,
halogen, optionally substituted aryl, or optionally
substituted heteroaryl. More preferred formula I
compounds have one, two, three, four, five, six or all
of the features selected from the group consisting of:
(a) Ry is -T-R 3 or -L-Z-R 3 wherein T is a valence
bond or -(C(R 6')2)- and R3 is -R, -OR, -N(R 4)2 or
-CO2R, wherein R is hydrogen, C i-6 aliphatic, 5-6
membered heterocyclyl, 6-membered aryl, or 5-6
membered heteroaryl; (b) R1 is -T-(Ring D), wherein T
is a valence bond or -(C(R 6')2)-; (c) Ring D is an
optionally substituted 5-6 membered monocyclic or an
8-10 membered bicyclic aryl or heteroaryl ring; (d) R2
is -R and R2 is hydrogen, wherein -R is independently
hydrogen or an optionally substituted group selected
from the group consisting of C]-6 aliphatic, C Io a
ryl a heteroaryl ring having 5-10 ring atoms, and a
heterocyclyl ring having 5-10 ring atoms; (e) L is
-O-, -S-, -N(R 4)-, or -C(O)N(R 6)-; (f) Q1is trans
-CR 6"=CR6"- or -  - ; and(g) each R6" is
independently hydrogen, methyl, halogen, optionally
substituted aryl, or optionally substituted
heteroaryl. Even more preferred compounds of formula I
have one, two, three, four, five, or all of the
features selected from the group consisting of: (a) Rx
is hydrogen, methyl, ethyl, propyl, cyclopropyl,
isopropyl, amino, dimethylamino, methylamino, nitro,
or acetamido; (b) Ry is selected from 2-pyridyl,
4-pyridyl, pyrrolidinyl, piperidinyl, morpholinyl,
hydroxypiperidinyl, N-(4-hydroxypiperidin)-yl,
O-(4-piperidinyl), piperazinyl, alkylpiperazinyl,
4-alkylpiperazinyl, methyl, ethyl, cyclopropyl,
isopropyl, t-butyl, alkoxyalkylamino, alkoxyalkyl,
alkyl- or dialkylamino, alkylor dialkylaminoalkoxy,
acetamido, optionally substituted phenyl,
methoxymethyl, -CO 2R, and-C(O)N(R 6)ZR; (c) R 1 is
-T-(Ring D), wherein T is a valence bond and Ring D i
s a 5-6 membered aryl or heteroaryl ring, wherein Ring
D is optionally substituted with one to two groups
selected from -halo, CF3, -CN, -NO 2, -N(R 4)2 ,
optionally substituted C1-6 aliphatic group, -OR, -CO
2R, -CONH(R 4), -N(R 4)COR, - N(R 4)SO 2R, -N(R 4)COCH
2N(R 6)2, -N(R 4)COCH 2CH2N(R 6)2, and 



-N(R 4)COCH 2CH2CH2 N(R 6)2; (d) R2 is hydrogen or a
substituted or unsubstituted Ci- aliphatic; (e) Q1 is
trans -CR 6"=CR6"- or - - ; and (f) each R6 is
independently hydrogen, methyl, chloro, or fluoro.
Particularly more preferred compounds of formula I
have one, two, three, four, five, or all of the
features selected from the group consisting of: (a) Rx
is hydrogen or amino; (b) Ry is selected from
2-pyridyl, 4-pyridyl, pyrrolidinyl, piperidinyl,
morpholinyl, hydroxypiperidinyl,
N-(4-hydroxypiperidin)-yl, 0-(4-piperidinyl),
piperazinyl, alkylpiperazinyl, 4-alkylpiperazinyl,
alkoxyalkylamino, alkoxyalkyl, alkyl- or dialkylamino,
alkyl- or dialkylaminoalkoxy, optionally substituted
phenyl, -CO 2R, and -C(O)NHZR; (c) R 1 is T-(Ring D),
wherein T is a valence bond and Ring D is a 5-6
membered aryl or heteroaryl ring, wherein Ring D is
optionally substituted with one to two groups selected
from -halogen, -CN, -CF 3 -NO 2, -N(R 4)2 , optionally
substituted Ci-6 aliphatic group, -OR, -CO 2R, -CONH(R
4), -N(R 4)C0R, -N(R4 SO2IFC -N(R4)COCH2N(R6)2,
-N(R4)COCH2CH2N(R6)2 and -N(R 4)COCH 2CH2CH2 N(R 6)2;
(d) R2 is hydrogen or a substituted or unsubstituted
C1- aliphatic, and L is -O-, -S-, -NH- Or-C(O)NH-; (e)
Q1 is trans -CR 6"=CR 6"-; and (f) each R6 is
independently hydrogen or fluoro. Preferred formula Ia
or Ib compounds have one, two, three, four, five, or
all of the features selected from the group consisting
of: (a) Rx is hydrogen, nitro, amino, alkyl- or
dialkylamino, acetamido, or a C 1-4 aliphatic group;
(b) Ry is -T-R 3 or -L-Z-R 3, wherein T is a valence
bond or -(C(R 6')2)- and R3 is -R, -N(R 4)2, -OR, or
-CO 2R; (c) R 1 is -T-(Ring D), wherein T is a valence
bond or -(C(R 6 )2)- ; (d) Ring D is a 5-7 membered
monocyclic or an 8-10 membered bicyclic aryl or
heteroaryl ring; (e) R2 is -R or -T-W-R 6 and R2' is
hydrogen, or R2 and R2' are taken together to form an
optionally substituted benzo ring; and (f) each R6 is
independently hydrogen, a C aliphatic group, halogen,
optionally substituted aryl, or optionally substituted
heteroaryl. More preferred formula formula Ia or Ib
compounds have one, two, three, four, five, or all of
the features selected from the group consisting of:
(a) Ry is -T-R 3 or -L-Z-R 3 wherein T is a valence
bond or -(C(R 6')2)- and R3 is -R, -OR, -N(R 4)2 or
-CO 2R, wherein R is hydrogen, C i-6 aliphatic, 5-6
membered heterocyclyl, 6-membered aryl, or 5-6
membered heteroaryl; (b) R 1 is -T-(Ring D), wherein T
is a valence bond or -(C(R 6')2)-; (c) Ring D is a 5-6
membered monocyclic or an 8-10 membered bicyclic aryl
or heteroaryl ring; (d) R2 is -R and R2 is hydrogen,
wherein -R is independently hydrogen or an optionally
substituted group selected from the group consisting
of C ]-6 aliphatic, C -io aryl, a heteroaryl ring
having 5-10 ring atoms, and a heterocyclyl ring having
5-10 ring atoms; (e) L is -O-, -S-, -N(R 4)-, or
-C(O)N(R 6)-; and (f) each R6 is independently
hydrogen, methyl, halogen, optionally substituted
aryl, or optionally substituted heteroaryl.Even more
preferred compounds of formula Ia or Ib have one, two,
three, four, or all of the features selected from the
group consisting of: (a) Rx is hydrogen, methyl,
ethyl, propyl, cyclopropyl, isopropyl, amino,
dimethylamino, methylamino, nitro, or acetamido; (b)
Ry is selected from 2-pyridyl, 4-pyridyl,
pyrrolidinyl, piperidinyl, morpholinyl,
hydroxypiperidinyl, N-(4-hydroxypiperidin)-yl,
O-(4-piperidinyl), piperazinyl, alkylpiperazinyl,
4-alkylpiperazinyl, methyl, ethyl, cyclopropyl,
isopropyl, t-butyl, alkoxyalkylamino, alkoxyalkyl,
alkyl- or dialkylamino, alkylor dialkylaminoalkoxy,
acetamido, optionally substituted phenyl,
methoxymethyl, -CO 2R, and -C(O)N(R 6)ZR; (c) R1 is
-T-(Ring D), wherein T is a valence bond and Ring D is
a 5-6 membered aryl or heteroaryl ring, wherein Ring D
is optionally substituted with one to two groups
selected from -halo, CF , -CN, -NO 2, -N(R 4)2 ,
optionally substituted Ci-6 aliphatic group, -OR, -CO
2R, -CONH(R 4), -N(R 4)COR, - N(R 4)SO 2R, -N(R 4)COCH
2N(R 6)2, -N(R 4)COCH 2CH2N(R 6)2, and -N(R 4)COCH
2CH2CH2 N(R 6)2; (d) R2 is hydrogen or a substituted
or unsubstituted C1- aliphatic; and (e) each R6 is
independently hydrogen, methyl, chloro, or fluoro.
Particularly more preferred compounds of formula Ia or
Ib have one, two, three, four, or all of the features
selected from the group consisting of: (a) Rx is
hydrogen or amino; (b) Ry is selected from 2-pyridyl,
4-pyridyl, pyrrolidinyl, piperidinyl, morpholinyl,
hydroxypiperidinyl, N-(4-hydroxypiperidin)-yl,
0-(4-piperidinyl), piperazinyl, alkylpiperazinyl,
4-alkylpiperazinyl, alkoxyalkylamino, alkoxyalkyl,
alkyl- or dialkylamino, alkyl- or dialkylaminoalkoxy,
optionally substituted phenyl, -CO2R, and -C(O)NHZR;
(c) R 1 i s T-(Ring D), wherein T is a valence bond
and Ring D is a 5-6 membered aryl or heteroaryl ring,
wherein Ring D is optionally substituted with one to
two groups selected from -halogen, -CN, -CF -NO 2,
-N(R 4)2 , optionally substituted C1-6 aliphatic
group, -OR, -CO2R, -CONH(R 4), -N(R 4)COR, - N(R 4)SO
2R, -N(R 4)COCH 2N(R 6)2, -N(R 4)COCH 2CH2N(R 6)2, and
-N(R 4)COCH 2CH2CH2 N(R 6)2; (d) R2 is hydrogen or a
substituted or unsubstituted C i- aliphatic, and L is
-0-, -S-, -NH- or -C(O)NH-; and(e) each R6" is
independently hydrogen or fluoro. In another
embodiment, the present invention provides compounds
of formula II or a pharmaceutically acceptable
derivative or prodrug thereof: II wherein Rx is
hydrogen, nitro, amino, alkyl- or dialkylamino,
acetamido, or a Ci-4 aliphatic group; Ry is 2-pyridyl,
4-pyridyl, pyrrolidinyl, piperidinyl, mof holinyl,
piperazinyl, 4-alkyllpiperazinyl, alkoxyalkylamino,
alkoxyalkyl, alkyl- or dialkylamino, alkyl- or
dialkylaminoalkoxy, optionally substituted phenyl,
-CO2R, or -C(O)NHZR, wherein R is hydrogen, Ci-
aliphatic, 5-6 membered heterocyclyl, phenyl, or 5-6
membered heteroaryl and Z is a Ci-C alkylidene chain;
Q' is -CR 6"=CR6"- or -- wherein, the -CR 6"=CR6"- may
be a cis or trans double bond; and each R is
independently hydrogen, methyl, halogen, optionally
substituted aryl, or optionally substituted
heteroaryl; and R1 is phenyl optionally substituted
with one to two groups selected from the group
consisting of -halogen, -CN, -CF3 > -NO2, -N(R4)2 ,
optionally substituted Ci-6 aliphatic group, -OR,
-CO2R, -CONH(R 4), -N(R4)C0R, -N(R4)SO2R, - N(R4)COCH
2N(R 6)2, -N(R4)COCH 2CH2N(R 6)2, and -N(R4)COCH
2CH2CH2 N(R 6)2 wherein R, R4, and R6 are defined as
in formula I . In some embodiments, the invention
provides compounds of formula I or II wherein Q' is
trans -CH=CH-. In other embodiments, Q' is - =- . In
other embodiments of the compounds of formula I or II,
Rx is hydrogen. In still other embodiments, Ry is
selected from 2-pyridyl, 4-pyridyl, pyrrolidinyl,
piperidinyl, morpholinyl, hydroxypiperidinyl, N-(4-
hydroxypiperidin)-yl, 0-(4-piperidinyl), piperazinyl,
alkylpiperazinyl, 4-alkylpiperazinyl,
alkoxyalkylamino, alkoxyalkyl, alkyl- or dialkylamino,
alkyl- or dialkylaminoalkoxy, optionally substituted
phenyl, -CO 2R, and -C(O)NHZR. In some embodiments, Ry
is 4-alkyl riperazinyl. In other embodiments Ry is
4-methylpiperazinyl. In some embodiments Ry is
hydroxypiperidinyl. In other embodiments Ry is
N-(4-hydroxypiperidin)-yl or 0-(4-piperidinyl). In one
embodiment, the present invention provides compounds
of formula IIa or a pharmaceutically acceptable
derivative or prodrug thereof: Ha wherein Rx, Ry, and
R are as defined as in formula II; Qa is cis or trans
-CR6 =CR 6 -or a mixture thereof; and each R6' is
independently selected from hydrogen, methyl, halogen,
optionally substituted aryl, and optionally
substituted heteroaryl. In some embodiments of
compound of formula Ha, Qa is cis -CR 6 =CR 6 - . In
other embodiments, Qa is trans -CR 6 =CR 6 - . In one
embodiment, the present invention provides compounds
of formula Ha or a pharmaceutically acceptable
derivative or prodrug thereof: lib wherein Rx, Ry, and
R1 are as defined as in formula II and Qb is - =- . In
some embodiments, the invention provides compounds of
formula I, Ia, Ib, II, Ha, or lib wherein R1 is
selected from the following
group:2-AMINO-7,8-DIHYDRO-OH-PYRIDO[4,3-D]PYRIMIDIN-5-
ONES CROSS REFERENCE TO RELATED APPLICATIONS This
application claims the benefit under 35 U.S.C. 119(e)
to provisional applications U.S. Serial No. 60/722,796
filed on September 30, 2005, and U.S. Serial No.
60/836,886 filed on August 9, 2006, each of which is
incorporated herein by reference in its entirety.
FIELD OF THE INVENTION The present invention relates
to new 2-amino-7,8-dihydro-6H-pyrido[4,3-
d]pyrimidin-5-one compounds, their stereoisomers,
tautomers, pharmaceutically acceptable salts, and
prodrugs thereof; compositions of the new compounds,
either alone or in combination with at least one
additional therapeutic agent, with a pharmaceutically
acceptable carrier; and uses of the new compounds and
compositions, either alone or in combination with at
least one additional therapeutic agent, in the
prophylaxis or treatment of cellular proliferative,
viral, autoimmune, cardiovascular, and central nervous
system diseases. BACKGROUND OF THE INVENTION Heat
shock or stress dramatically increases cellular
production of several classes of highly conserved
chaperone proteins, commonly known as heat-shock
proteins (HSPs). These chaperones, including the
members of the HSP60, HSP70, and HSP90 families, are
ATP-dependent molecules that facilitate/ensure proper
client protein (e.g. protein that requires interaction
with the chaperones for its activity and stability)
folding, prevent non specific aggregations, and
maintain active protein conformations. The HSP90
family, comprised of HSP90 a and b, Grp94 and TRAP-I,
represents one of the most abundant cellular proteins,
accounting for 1-2% of total protein in a mammalian
cell under normal conditions. HSP90 is unique among
cellular chaperones in that it is not required for
general co-translational protein folding but is
instead dedicated to a unique set of cellular
proteins, many of which are key signaling molecules
criticallyinvolved in cell growth, differentiation,
and apoptosis. So far over 100 proteins have been
documented to associate with HSP90 and this list of
client proteins is expanding rapidly. Crystallographic
studies have revealed the existence of an
unconventional low affinity ATP binding cleft at their
N-terminal domain that is well conserved among the
four HSP90 family members. ATP binding and hydrolysis
play an essential role in the regulation of chaperone
functions. The occupancy of the ATP binding site by
the ansamycin antibiotics geldanamycin (GM) and
herbimycin A (HA), as well as the structurally
unrelated fungal metabolite radicicol, inhibits the
intrinsic ATPase activity of HSP90 and blocks the
ATP/ADP-regulated association-dissociation cycles
between HSP90 and client proteins. Consequently,
ATP-competitive HSP90 inhibitors induce
destabilization and eventual ubiquitin-dependent
degradation of client proteins. HSP90 has generated
tremendous interest as a novel anti-cancer target
following the realization that many of its clients are
bona fide oncoproteins that are frequently
overexpressed, mutated, or constitutively active in
tumor cells. These include well known and established
cancer drug targets such as receptor tyrosine kinases
(HER-2/neu, epidermal 



growth factor receptor EGFR, Met and insulin-like
growth factor- 1 receptor IGF-IR), metastable
serine/threonine kinases (Akt and Raf-1), mutated
signaling proteins (Flt3, v- Src), chimeric
oncoproteins (Bcr-Abl, NPM-ALK), cell-cycle regulators
(CDK4 and CDK6), transcription factors (estrogen and
androgen receptors ER and AR, hypoxiainducible factor
HIF-l a) and apoptosis regulators (Survivin and
Apaf-1). It is notable that HSP90 client proteins
functionally contribute to all of the six "hallmarks
of cancer", which include (with examples of relevant
HSP90 client proteins in parenthesis) 1)
self-sufficiency in growth signals (ErbB2, Raf-1), 2)
insensitivity to growth suppression signals (PIk,
Mytl), 3) evasion of apoptosis (Akt, RIP), 4)
acquisition of limitless replicative potential
(hTERT), 5) sustained angiogenesis (HIF-Ia, FAK) and
6) invasion and metastasis (Met). The association with
HSP90 ensures that these otherwise unstable
oncoproteins function properly in multiple signaling
pathways that are essential in maintaining the
unregulated growth and the malignant phenotypes of
tumors. Inactivation of HSP90 by an ATP-competitive
inhibitor will induce simultaneous depletion of
multiple oncoproteins and cause concurrent inhibition
of various oncogenic signaling pathways. Therefore, by
disrupting the function of a single molecular
entityHSP90, an HSP90 inhibitor may uniquely provide a
combinatorial attack on multistep oncogenesis and
block all of the six hallmarks of cancer. Depending on
cellular contexts, HSP90 inhibitors effectively cause
growth arrest, differentiation, or apoptosis of tumor
cells both in vitro and in vivo. In addition, HSP90
itself is overexpressed (about 2-20 fold) in multiple
tumor types as a result of oncogenic transformation
(e.g. accumulation of mutated proteins) and cellular
stress (e.g. low pH and lack of nutrients).
Overexpression of Hsp90 has been shown to correlate
with poor prognosis in breast cancer. Cancer cells are
highly adaptive to hostile microenvironments and are
capable of acquiring drug resistance, in part due to
their inherent genetic instability and plasticity.
Moreover, most forms of cancer are polygenic and
harbor multiple signaling aberrations. HSP90 may be a
key component of the very machinery that allows
certain cancer cells to escape apoptotic death and
evoke alternative or overlapping signaling to
efficiently develop resistance to a specific drug
treatment. Consequently, inhibition of Hsp90 by
concurrently disrupting a wide range of oncogenic
pathways may prove to be a very effective approach to
combat a variety of hard-to-treat tumor.20 23 The
cancers include, for example, breast cancer1,
ovarian2, prostate3, chronic myelogenous leukemia
(CML)4, melanoma5, gastrointestinal stromal tumors
(GISTs)6, master cell leukemia7, testicular tumor7,
acute myelogenous leukemia8'9, gastric tumor10,
lung11, head and neck12, glioblastoma13 , colon14 ,
thyroid15, stomach, liver, multiple myeloma16 ,
renal17 , and lymphoma18'19 . In addition to cancers,
Hsp90 inhibitors may also have the potential to treat
nononcological indications where diseased cells show
increased expression and usage of HSP90. These
include, but are not limited to viral diseases
mediated by hepatitis B virus (HBV), hepatitis C virus
(HCV) and herpes simplex virus type 1 (HSV-I) as well
as autoimmune diseases including those mediated by
persistent lymphocyte activation. In all these cases,
elevated Hsp90 activity either facilitates virus
assembly and replication or is required for aberrant
signaling transduction in inappropriately activated
lymphocyte. Furthermore, HSP90 inhibitors are also
known to induce upregulation of other heat shock
proteins (e.g. HSP70), which may offer neuroprotection
and cardioprotection against ischemic injury as well
as damages caused by protein-aggregation. Therefore,
HSP90 inhibitors offer therapeutic potential in
treatment of central nervous system (CNS) disorders
and cardiovascular diseases.SUMMARY OF THE INVENTION
In one aspect of the present invention, new
2-amino-7,8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one
compounds, tautomers, and stereoisomers, and the
pharmaceutically acceptable salts and prodrugs thereof
are provided. The 2-amino-7,8-dihydro-6Hpyrido[
4,3-d]pyrimidin-5-one compounds, pharmaceutically
acceptable salts, and prodrugs are HSP90 inhibitors
and are useful in treating cellular proliferative,
viral, autoimmune, cardiovascular and central nervous
system diseases. . In one embodiment, the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds have the formula (I): (i) or a stereoisomer,
tautomer, pharmaceutically acceptable salt, or prodrug
thereof, wherein Ra is selected from the group
consisting of (1) hydrogen, (2) halogen, (3) hydroxyl,
(4) C1-C6 alkoxy, (5) thiol, (6) C1-C6 alkylthiol, (7)
substituted or unsubstituted C1 C6 alkyl, (8) amino or
substituted amino, (9) substituted or unsubstituted
aryl, (10) substituted or unsubstituted heteroaryl,
and ( 11) substituted or unsubstituted heterocyclyl; R
is selected from the group consisting of (1)
hydrogen,(2) substituted or unsubstituted C1-C6 alkyl,
(3) substituted or unsubstituted C2-C6 alkenyl, (4)
substituted or unsubstituted C2-C6 alkynyl, (5)
substituted or unsubstituted C3-C7 cycloalkyl, (6)
substituted or unsubstituted C5-C7 cycloalkenyl, (7)
substituted or unsubstituted aryl, (8) substituted or
unsubstituted heteroaryl, and (9) substituted or
unsubstituted heterocyclyl; Rb is selected from the
group consisting of (1) substituted or unsubstituted
C3-C7 cycloalkyl, (2) substituted or unsubstituted
C5-C7 cycloalkenyl, (3) substituted or unsubstituted
aryl, (4) substituted or unsubstituted heteroaryl, and
(5) substituted or unsubstituted heterocyclyl; with
the proviso that when Ra is amino, then R is not
phenyl, 4-alkyl-phenyl, Aalkoxy- phenyl, or
4-halo-phenyl. In another aspect, the present
invention provides methods for treating cellular
proliferative diseases in a human or animal subject in
need of such treatment comprising administering to
said subject an amount of a compound of formula (I)
effective to reduce or prevent cellular proliferation
in the subject. In another aspect, the present
invention provides methods for treating cellular
proliferative diseases in a human or animal subject in
need of such treatment, comprising administering to
said subject an amount of a compound of formula (I)
effective to reduce or prevent cellular proliferation
in the subject in combination with at least one
additional agent for the treatment of cancer. In other
aspects, the present invention provides therapeutic
compositions, comprising at least one compound of
formula (I) in combination with one or more additional
agents for the treatment of cancer, as are commonly
employed in cancer therapy. In one embodiment,
provided are compounds, compositions, and methods for
treating a condition by modulating HSP90 activity. In
some aspects, the condition is acellular
proliferative, viral, autoimmune, cardiovascular, or
central nervous system disease. In one embodiment,
provided are compounds, compositions, and methods for
treating cancers such as, for example, lung and
bronchus; prostate; testicular tumor; breast;
pancreas; colon and rectum; thyroid; stomach; liver
and intrahepatic bile duct; kidney and renal; pelvis;
urinary bladder; uterine corpus; uterine cervix;
ovary; multiple myeloma; esophagus; acute myelogenous
leukemia; chronic myelogenous leukemia; lymphocytic
leukemia; lymphoma; myeloid leukemia; master cell
leukemia, brain; oral cavity and pharynx; larynx;
head; neck; glioblastoma; small intestine;
gastrointestinal stromal tumors (GISTs); gastric
tumor; non-hodgkin lymphoma; melanoma; and villous
colon adenoma. In one embodiment, provided are
compounds, compositions, and methods for treating a
viral disease. Such diseases include, for example,
viral diseases mediated by hepatitis B virus (HBV),
hepatitis C virus (HCV), or herpes simplex virus type
1 (HSV-I). In one embodiment, provided are compounds,
compositions, and methods for treating an autoimmune
disease. In some aspects, the autoimmune disease is
mediated by persistent lymphocyte activation. In one
embodiment, provided are compounds, compositions, and
methods for treating a cardiovascular or central
nervous system disease. The invention further provides
compositions, kits, methods of use, and methods of
manufacture and related synthetic intermediates as
described in the detailed description of the
invention. DETAILED DESCRIPTION In one aspect of the
present invention, new
2-amino-7,8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one
compounds, stereoisomers, and tautomers, and the
pharmaceutically acceptable salts and prodrugs thereof
are provided. The 2-ammo-7,8-dihydro-6H-
ryrido[4,3-d]pyrimidin-5-one compounds, stereoisomers,
and tautomers, and the pharmaceutically acceptable
salts and prodrugs thereof are HSP90 inhibitors and
are useful in the treating cellular proliferative,
viral, autoimmune, cardiovascular and central nervous
system diseases. In one embodiment, the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds of the invention have the formula (I):(i) or
a stereoisomer, tautomer, pharmaceutically acceptable
salt, or prodrug thereof, wherein Ra is selected from
the group consisting of (1) hydrogen, (2) halogen, (3)
hydroxyl, (4) C1-C6 alkoxy, (5) thiol, (6) C1-C6
alkylthiol, (7) substituted or unsubstituted C1-C6
alkyl, (8) amino or substituted amino, (9) substituted
or unsubstituted aryl, (10) substituted or
unsubstituted heteroaryl, and ( 11) substituted or
unsubstituted heterocyclyl; R is selected from the
group consisting of (1) hydrogen, (2) substituted or
unsubstituted C1-C6 alkyl, (3) substituted or
unsubstituted C2-C6 alkenyl, (4) substituted or
unsubstituted C2-C6 alkynyl, (5) substituted or
unsubstituted C3-C7 cycloalkyl, (6) substituted or
unsubstituted C5-C7 cycloalkenyl, (7) substituted or
unsubstituted aryl, (8) substituted or unsubstituted
heteroaryl, and (9) substituted or unsubstituted
heterocyclyl; Rb is selected from the group consisting
of(1) substituted or unsubstituted C3-C7 cycloalkyl,
(2) substituted or unsubstituted C5-C7 cycloalkenyl,
(3) substituted or unsubstituted aryl, (4) substituted
or unsubstituted heteroaryl, and (5) substituted or
unsubstituted heterocyclyl; and with the proviso that
when Ra is amino, then Rb is not phenyl,
4-alkyl-phenyl, 4- alkoxy-phenyl, or 4-halo-phenyl.
Other embodiments provide a compound having formula
(Ia) (Ia) or a tautomer, pharmaceutically acceptable
salt, or prodrug thereof, wherein R, Ra, and Rb are as
previously defined for formula (I) and with the
proviso that when Ra is amino, then Rb is not phenyl,
4-alkyl-phenyl, 4-alkoxy-phenyl, or 4-halo-phenyl. In
some embodiments of the compounds of formula (I) or
(Ia), Ra is hydrogen. In other embodiments, Ra is
substituted or unsubstituted C1-Cg alkyl. In some
embodiments, Ra is Ci-Cg alkyl or halo C -Cg alkyl. In
some such 



embodiments, Ra is methyl. In some embodiments, Rb is
aryl or heteroaryl. In some such embodiments, Rb is
selected from the group consisting of phenyl, pyridyl,
pyrimidinyl, pyrazinyl, indolyl, thiazolyl, and
thienyl, each of which can be substituted or
unsubstituted. In some aspects, the invention provides
compounds wherein the aforementioned Rb groups are
substituted with substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl. In other
aspects the Rb groups are substituted with halo. In
still other aspects the Rb groups are substituted with
fluoro. In still other aspects, the Rb groups are
substituted with alkyl, haloalkyl, alkoxy, and
haloalkoxy. In some aspects, the Rb groups are
substituted with methyl. In other aspects, the Rb
groups are substituted with methoxy.In other
embodiments, Rb is selected from the group consisting
of substituted aryl, substituted heterocyclyl,
substituted heteroaryl, substituted C3-C7 cycloalkyl,
and substituted C5-C7 cycloalkenyl, wherein said aryl,
heterocyclyl, heteroaryl, C3-C7 cycloalkyl, and C5-C7
cycloalkenyl is selected from the group consisting of
pyrrolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, pyrazolyl, imidazolyl, triazolyl,
indolyl, oxadiazole, thiadiazole, furanyl, quinolinyl,
isoquinolinyl, isoxazolyl, oxazolyl, thiazolyl,
morpholino, piperidinyl, pyrrolidinyl, thienyl,
cyclohexyl, cyclopentyl, cyclohexenyl, and
cyclopentenyl. In some aspects, the aforementioned
groups are substituted with one to two substituents
selected from the group consisting of halo, alkoxy,
alkyl, amino, alkylamino, haloalkyl, and haloalkoxy.
In some embodiments, R is selected from the group
consisting of hydrogen, unsubstituted alkyl, and
substituted alkyl. In some such embodiments, R is
selected from the group consisting of methyl, ethyl,
allyl, 3-methyl-butyl, and isobutyl. In other
embodiments, R is selected from the group consisting
of hydrogen, benzyl, l-(4- methoxyphenyl)ethyl,
methyl, 3-aminopropyl, and
2-methyl-2-morpholinopropyl. In still other
embodiment, R is hydrogen. In another embodiment, the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds have the formula (II): (H) or a
stereoisomer, tautomer, pharmaceutically acceptable
salt, or prodrug thereof, wherein n is 0 or 1, wherein
Ra is selected from the group consisting of(1)
hydrogen, (2) halogen, (3) hydroxyl, (4) C1-C6 alkoxy,
(5) thiol, (6) C1-C6 alkylthiol, (7) substituted or
unsubstituted C1-C6 alkyl, (8) amino or substituted
amino, (9) substituted or unsubstituted aryl, (10)
substituted or unsubstituted heteroaryl, and (11)
substituted or unsubstituted heterocyclyl; wherein R
is selected from the group consisting of (1) hydrogen,
(2) substituted or unsubstitutedC 1-C6 alkyl, (3)
substituted or unsubstituted C2-C6 alkenyl, (4)
substituted or unsubstituted C2-C6 alkynyl, (5)
substituted or unsubstituted C3-C7 cycloalkyl, (6)
substituted or unsubstituted C5-C7 cycloalkenyl, (7)
substituted or unsubstituted aryl, (8) substituted or
unsubstituted heteroaryl, and (9) substituted or
unsubstituted heterocyclyl, wherein when n is 1, X is
C, Y is at each position independently selected from
CQ1 and N, and Z is selected from CR2 and N with the
proviso that no more than 3 Y and Z groups are N, and
wherein when n is 0, X is C or N, Y is at each
position independently selected from CQ1, N, NQ2, O,
and S with the proviso that no more than 4 X and Y
groups are N and NQ2 and no more than 1Y group is S or
O; wherein Q1 is at each position independently
selected from the group consisting of (1) hydrogen,
(2) halogen, (3) substituted or unsubstituted C1-C6
alkyl,(4) substituted or unsubstituted C2 -C6 alkenyl,
(5) substituted or unsubstituted C2-C6 alkynyl, (6)
substituted or unsubstituted C3-C7 cycloalkyl, (7)
substituted or unsubstituted C5-C7 cycloalkenyl, (8)
substituted or unsubstituted aryl, (9) substituted or
unsubstituted heteroaryl, (10) substituted or
unsubstituted heterocyclyl, ( 11) substituted or
unsubstituted amino, (12) -OR3 or -SR3, (13) -C(O)R3,
-CO2R3, -C(O)N(R3)2, -S(O)R3, -SO2R3, or -SO2N(R3)2,
(14) -OC(O)R3, -N(R3)C(O)R3 or -N(R3)SO2R3, (15) -CN,
and (16) -NO 2; wherein Q2 is at each position
independently selected from the group consisting of
(1) hydrogen, (3) substituted or unsubstituted C C6
alkyl, (4) substituted or unsubstituted C2 -C6
alkenyl, (5) substituted or unsubstituted C2-C6
alkynyl, (6) substituted or unsubstituted C3-C7
cycloalkyl, (7) substituted or unsubstituted C5-C7
cycloalkenyl, (8) substituted or unsubstituted aryl,
(9) substituted or unsubstituted heteroaryl, and (10)
substituted or unsubstituted heterocyclyl; wherein R2
is selected from the group consisting of (1) hydrogen,
(2) halogen, (3) substituted or unsubstituted C1-C3
alkyl, and (4) -OR 3, -SR3, or -NHR 3; wherein R3 is
at each position independently selected from the group
consisting of (1) hydrogen, (2) substituted or
unsubstituted C1-C6 alkyl,(3) substituted or
unsubstituted C2-C6 alkenyl, (4) substituted or
unsubstituted C2-C6 alkynyl, (5) substituted or
unsubstituted C3-C7 cycloalkyl, (6) substituted or
unsubstituted C5-C7 cycloalkenyl, (7) substituted or
unsubstituted aryl, (8) substituted or unsubstituted
heteroaryl, and (9) substituted or unsubstituted
heterocyclyl, with the proviso that when Ra is amino,
then X, Y, Z, and n together do not form a phenyl,
4-alkyl-phenyl, 4-alkoxy-phenyl, or 4-halo-phenyl
group. In other embodiments, the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds have the formula (Ha): (Ha) or a tautomer,
pharmaceutically acceptable salt, or prodrug thereof,
wherein Ra, R, X, Y, Z, and n are previously defined
for formula (II) and with the proviso that when Ra is
amino, then X, Y, Z, and n together do not form a
phenyl, 4-alkyl-phenyl, 4-alkoxy-phenyl, or 4-
halo-phenyl group. In some embodiments when n is 0, X
is C, and Y adjacent to X is not O. In some
embodiments of the compounds of formula (II) or (Ha),
Ra is hydrogen. In other embodiments, Ra is
substituted or unsubstituted C1-C6 alkyl. In some
embodiments, Ra is C1-C6 alkyl or halo C1-C6 alkyl. In
some such embodiments, Ra is methyl. For the compounds
of formula (I), (Ia), (II), or (Ha), representative
substituted alkylgroups include arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocyclylalkyl,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, and
sulfonamidoalkyl groups. Representative aryl groups
include phenyl groups. . Representative heteroaryl
groups include pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, pyrazolyl, indolyl, quinolinyl,
isoquinolinyl, furanyl, oxazolyl, thiazolyl, and
thienyl groups. In one embodiment, one of Q1 or Q2 is
selected from the group consisting of substituted and
unsubstituted phenyl, substituted and unsubstituted
pyridyl, substituted and unsubstituted pyrimidinyl,
substituted and unsubstituted pyrazinyl, substituted
and unsubstituted indolyl, substituted and
unsubstituted thiazolyl, and substituted and
unsubstituted thienyl. In one embodiment, one of Q1 or
Q2 is selected from the group consisting of
piperidinyl, morpholinyl, pyrrolidinonyl, and benzyl
amino. In one embodiment, one of Q1 or Q2 is selected
from the group consisting of cyclohexyl and
cyclopentyl. In one embodiment, one of Q1 or Q2 is
selected from the group consisting of cyclohexenyl and
cyclopentenyl. In one embodiment, one of Q1 or Q2 is
selected from the group consisting of substituted
aryl, substituted heterocyclyl, substituted
heteroaryl, substituted C3-C7 cycloalkyl, and
substituted C5-C7 cycloalkenyl, wherein said aryl,
heterocyclyl, heteroaryl, C3-C7 cycloalkyl, and C5-C7
cycloalkenyl is selected from the group consisting of
pyrrolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, pyrazolyl, imidazolyl, triazolyl,
indolyl, oxadiazole, thiadiazole, furanyl, quinolinyl,
isoquinolinyl, isoxazolyl, oxazolyl, thiazolyl,
morpholino, piperidinyl, pyrrolidinyl, thienyl,
cyclohexyl, cyclopentyl, cyclohexenyl, and
cyclopentenyl. In some aspects, the aforementioned
groups are substituted with one to two substituents
selected from the group consisting of halo, alkoxy,
alkyl, amino, alkylamino, haloalkyl, and haloalkoxy.
In one embodiment, one of Q1 or Q2 is selected from
substituted and unsubstituted pyridyl, substituted and
unsubstituted pyrazinyl, substituted and unsubstituted
phenyl, substituted and unsubstituted isoquinolinyl,
substituted and unsubstituted pyrimidinyl,substituted
and unsubstituted pyrazolyl, and substituted and
unsubstituted furanyl. In some aspects, the
aforementioned groups are substituted with one to two
substituents selected from the group consisting of
halo, alkoxy, alkyl, amino, alkylamino, haloalkyl, and
haloalkoxy. In other embodiments one of Q1 or Q2 is
selected from the group consisting of (2-
hydroxy-ethylamino)-pyrazin-2-yl, lH-pyrazol-4-yl,
1-methyl-lH-pyrazol-4-yl, 1-methyllH- pyrazol-4-yl,
2-(5-methyl-pyridin-2-yl)-phenyl, 2,3-difluoro-phenyl,
2,3-dimethoxyphenyl, 2,4-difluoro-phenyl,
2,4-dimethoxy-phenyl, 2,4-dimethoxy-pyrimidin-5-yl,
2,5- difluoro-phenyl, 2,6-difluoro-phenyl,
2,6-dimethyl-pyridin-3-yl, 2-acetamidophenyl, 2-
aminocarbonylphenyl, 2-amino-pyrimidin-5-yl,
2-chloro-4-methoxy-pyrimidin-5-yl, 2-
chloro-5-fluoro-pyridin-3-yl, 2-chloro-phenyl,
2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-yl,
2-difluoro-3-methoxyphenyl, 2-ethyl-phenyl,
2-ethoxy-thiazol-4-yl, 2-fluoro-3-methoxyphenyl,
2-fluoro-3-methylphenyl, 2-fluoro-4-methyl-phenyl,
2-fluoro-5-methoxy-phenyl, 2- fluoro-5-methylphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl,
2-hydroxymethyl-3- methoxyphenyl,
2-hydroxymethylphenyl, 2-isoquinolin-4-yl,
2-methoxy-5-trifluoromethylphenyl, 2-methoxy-phenyl,
2-methoxy-pyridin-3-yl, 2-methoxy-pyrimidin-4-yl,
2-methoxythiazol- 4-yl, 2-methyl-phenyl,
2-methyl-pyridin-3-yl, 2-oxo-l,2-dihydro-pyridin-3-yl,
2- phenoxyphenyl, 2-pyridin-3-yl, 2-pyrimidin-5-yl,
2-trifluoromethoxyphenyl, 2- trifluoromethoxy-phenyl,
3,4-dimethoxy-phenyl, 3,5-dimethyl-isoxazol-4-yl,
3,6-dimethylpyrazin- 2-yl, 3-acetamidophenyl,
3-aminocarbonylphenyl, 3-bromo-phenyl,
3-chloropyrazin- 2-yl, 3-cyanophenyl,
3-dimethylaminophenyl, 3-ethoxy-phenyl,
3~ethyl-4-methylphenyl, 3-ethynyl-phenyl,
3-fluoro-6-methoxy-pyridin-2-yl, 3-fluorophenyl,
3-fluoropyrazin- 2-yl, 3-methanesulfonamidophenyl,
3-methoxycarbonylphenyl, 3-methoxyphenyl,
3-methoxy-pyrazin-2-yl,
3-methyl-3H-imidazo[4,5-b]pyrazin-5-yl,
3-methylphenyl, 3- methyl-pyridin-2-yl,
3-trifluoromethoxyphenyl, 3-trifluoromethylphenyl,
4,5-dimethoxypyrimidin- 



2-yl, 4-amino-5-fluoro-pyrimidin-2-yl,
4-chloro-2,5-dimethoxy-phenyl, 4-chloro-
2-fluoro-phenyl, 4-chloro-2-methoxy-5-methyl-phenyl,
4-chloro-pyridin-3-yl, 4-difluoro-2- methyl-phenyl,
4-ethoxy-5-fluoro-pyrimidin-2-yl,
4-ethoxy-pyrimidin-2-yl, 4-ethoxypyrimidin- 5-yl,
4-ethyl-lH-pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl,
4-fluoro-2-methylphenyl, 4-fluorophenyl,
4-methoxy-5-methyl-pyrimidin-2-yl,
4-methoxy-pyridin-3-yl, 4- methoxy-pyrimidin-2-yl,
4-methoxy-pyrimidin-5-yl, 4-methyl-phenyl,
4-methyl-pyridin-2- yl, 4-methyl-pyridin-3-yl,
4-pyrrolidin-l-yl-pyrimidin-2-yl,
5,6-dimethoxy-pyrazin-2-yl, 5-acetyl-thiophen-2-yl,
5-amino-6-ethoxy-pyrazin-2-yl, 5-amino-6-methoxy-3
-methylpyrazin- 2-yl, 5-amino-6-methoxy-pyridin-2-yl,
5-chloro-4-methoxy-pyrimidin-2-yl, 5-
chloro-6-methoxy-pyrazin-2-yl,
5-dimethylamino-6-methoxy-pyrazin-2-yl, 5-fluoro-2~
methoxyphenyl, 5-fluoro-4-methoxy-pyrimidin-2-yl,
5-fluoro-6-methoxy-pyrazin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methoxy-pyridin-3-yl,
5-methoxy-thiophen-2-yl, 5-trifluoromethylpyrimidin-
2-yl, 6-acetyl-pyridin-2-yl, 6-chloro-pyrazin-2-yl,
6-ethoxy-pyrazin-2-yl, 6- ethoxy-pyridin-2-yl,
6-fluoro-pyridin-2-yl, 6-fluoro-pyridin-3-yl,
6-hydroxy-pyridin-2-yl, 6-
methoxy-5-methylamino-pyrazin-2-yl,
6-methoxy-5-methyl-pyrazin-2-yl, 6-methoxypyrazin-
2-yl, 6-methoxy-pyridin-2-yl, 6-methoxy-pyridin-3-yl,
6-methylamino-pyrazin-2- yl, 6-methyl-pyridin-2-yl,
5-amino-6-(2,2,2-trifluoroethoxy)pyrazin-2-yl, and 6-
trifluoromethyl-pyridin-2-yl. In one embodiment Q1 is
halo. In one embodiment Q1 is alkyl. In some aspects,
Q1 is methyl. In one embodiment, R2 is selected from
hydrogen and fiuoro. In some aspects, R2 is fluoro. In
one embodiment, R2 is selected from alkyl. In some
aspects, R2 is methyl. In one embodiment, R2 is
selected from alkoxy. In some aspects, R2 is methoxy.
In one embodiment Q 1 is OR In one embodiment, R3 is
selected from the group consisting of methyl, ethyl,
isopropyl, cyclopentyl, and cyclohexyl. In one
embodiment, R3 is selected from substituted and
unsubstituted phenyl, substituted and unsubstituted
thiazolyl, substituted and unsubstituted pyridyl,
substituted and unsubstituted pyrazinyl, and
substituted and unsubstituted pyrimidinyl. In one
embodiment, R3 is selected from the group consisting
of 2-aminoethyl, 2- piperidinylethyl,
2-piperazinylethyl, 2-morpholinylethyl, and
2-(N-methylpiperazinyl)ethyl. In some embodiments, R
is selected from the group consisting of hydrogen,
unsubstituted alkyl, and substituted alkyl. In some
such embodiments, R is selected from the group
consisting of methyl, ethyl, allyl, 3-methyl-butyl,
and isobutyl. In other embodiments, R is selected from
the group consisting of hydrogen, benzyl,
l-(4-methoxyphenyl)ethyl, methyl, 3-aminopropyl, and
2-methyl-2-morphholinopropyl. In another embodiment of
the invention, compounds of formula (III) are
provided: (III) or a stereoisomer, tautomer,
pharmaceutically acceptable salt, or prodrug thereof,
wherein wherein Ra is selected from the group
consisting of (1) hydrogen, (2) halogen, (3) hydroxyl,
(4) C1-C6 alkoxy, (5) thiol, (6) C1-C6 alkylthiol, (7)
substituted or unsubstituted C1--C6 alkyl, (8) amino
or substituted amino, (9) substituted or unsubstituted
aryl, (10) substituted or unsubstituted heteroaryl,
and ( 11) substituted or unsubstituted heterocyclyl;
R4 is hydrogen or substituted or unsubstituted C1-C6
alkyl; R5 is hydrogen, alkyl, alkoxy, or halo; each of
R6, R7, R8, and R9 are independently selected from the
group consisting of hydrogen, alkyl, alkoxy, halo,
substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl; ora stereoisomer, tautomer,
pharmaceutically acceptable salt, or prodrug thereof,
and with the proviso that when Ra is amino and R6, R7,
R8, and R9 are hydrogen, then R5 is not hydrogen,
alkyl, alkoxy, or halo. In some embodiments, provided
are compounds of formula (Ilia): (Ilia) or a tautomer,
pharmaceutically acceptable salt, or prodrug thereof,
wherein Ra, R4, R5, R6, R7, R8, and R9 are as
previously defined for formula (III) and with the
proviso that when Ra is amino and R6, R7, R8, and R9
are hydrogen, then R5 is not hydrogen, alkyl, alkoxy,
or halo. In some embodiments, Ra is hydrogen. In some
embodiments, Ra is substituted or unsubstituted Cj-Cg
alkyl. In some embodiments, Ra is Ci-Cg alkyl or halo
C -Cg alkyl. In some such embodiments, Ra is methyl.
In some embodiments of the invention, R4 is selected
from the group consisting of hydrogen, benzyl,
l-(4-methoxyphenyl)ethyl, methyl, 3-aminopropyl, and
2-methyl-2- morpholinopropyl. In other embodiments, R
is selected from the group consisting of methyl,
ethyl, allyl, 3-methyl-butyl, and isobutyl. In some
embodiments, R5 is hydrogen or fluoro. In some
aspects, R5 is fluoro. In some embodiments, R5 is
methyl or methoxy. In some embodiments, R7, R8, and R9
are each hydrogen. In some embodiments, R6 is aryl or
heteroaryl substituted with one to twosubstituents
selected from the group consisting of halo, alkoxy,
alkyl, amino, alkylamino, haloalkyl, and haloalkoxy.
In some embodiments R6 is selected from the group
consisting of substituted aryl and substituted
heteroaryl, wherein said aryl and heteroaryl is
selected from the group consisting of furanyl,
pyrrolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, pyrazolyl, imidazolyl, triazolyl,
indolyl, oxadiazole, thiadiazole, quinolinyl,
isoquinolinyl, isoxazolyl, oxazolyl, thiazolyl, and
thienyl. In some aspects, the aforementioned groups
are substituted with one to two substituents selected
from the group consisting of halo, alkoxy, alkyl,
amino, alkylamino, haloalkyl, and haloalkoxy. In other
embodiments R6 is selected from the group consisting
of (2-hydroxyethylamino)- pyrazin-2-yl,
lH-pyrazol-4-yl, 1-methyl-lH-pyrazol-4-yl, 1-methyl-
IHpyrazol- 4-yl, 2-(5-methyl-pyridin-2-yl)-phenyl,
2,3-difluoro-phenyl, 2,3-dimethoxy-phenyl,
2,4-difluoro-phenyl, 2,4-dimethoxy-phenyl,
2,4-dimethoxy-pyrimidin-5-yl, 2,5-difluorophenyl,
2,6-difluoro-phenyl, 2,6-dimethyl-pyridin-3-yl,
2-acetamidophenyl, 2- aminocarbonylphenyl,
2-amino-pyrimidin-5-yl,
2-chloro-4-methoxy-pyrimidin-5-yl, 2-
chloro-5-fluoro-pyridin-3-yl, 2-chloro-phenyl,
2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-yl,
2-difluoro-3-methoxyphenyl, 2-ethyl-phenyl,
2-ethoxy-thiazol-4-yl, 2-fluoro-3-methoxyphenyl,
2-fluoro-3-methylphenyl, 2-fluoro-4-methyl-phenyl,
2-fluoro-5-methoxy-phenyl, 2- fluoro-5-methylphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl,
2-hydroxymethyl-3- methoxyphenyl,
2-hydroxymethylphenyl, 2-isoquinolin-4-yl,
2-methoxy-5-trifluoromethylphenyl, 2-methoxy-phenyl,
2-methoxy-pyridin-3-yl, 2-methoxy-pyrimidin-4-yl,
2-methoxythiazol- 4-yl, 2-methyl-phenyl,
2-methyl-pyridin-3-yl, 2-oxo-l,2-dihydro-pyridin-3-yl,
2- phenoxyphenyl, 2-pyridin-3-yl, 2-pyrimidin-5-yl,
2-trifluoromethoxyphenyl, 2- trifluoromethoxy-phenyl,
3,4-dimethoxy-phenyl, 3,5-dimethyl-isoxazol-4-yl,
3,6-dimethylpyrazin- 2-yl, 3-acetamidophenyl,
3-aminocarbonylphenyl, 3-bromo-phenyl,
3-chloropyrazin- 2-yl, 3-cyanophenyl,
3-dimethylaminophenyl, 3-ethoxy-phenyl,
3-ethyl-4-methylphenyl, 3-ethynyl-phenyl,
3-fluoro-6-methoxy-pyridin-2-yl, 3-fluorophenyl,
3-fluoropyrazin- 2-yl, 3-methanesulfonamidophenyl,
3-methoxycarbonylphenyl, 3-methoxyphenyl,
3-methoxy-pyrazin-2-yl,
3-methyl-3H-imidazo[4,5-b]pyrazin-5-yl,
3-methylphenyl, 3- methyl-pyridin-2-yl,
3-trifluoromethoxyphenyl, 3-trifluoromethylphenyl,
4,5-dimethoxypyrimidin- 2-yl,
4-amino-5-fluoro-pyrimidin-2-yl,
4-chloro-2,5-dimethoxy-phenyl, 4-chloro-
2-fluoro-phenyl, 4-chloro-2-methoxy-5-methyl-phenyl,
4-chloro-pyridin-3-yl, 4-difluoro-2-methyl-phenyl,
4-ethoxy-5-fluoro-pyrimidin-2-yl,
4-ethoxy-pyrimidin-2-yl, 4-ethoxypyrimidin- 5-yl,
4-ethyl-lH-pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl,
4-fluoro-2-methylphenyl, 4-fluorophenyl,
4-methoxy-5-methyl-pyrimidin-2-yl,
4-methoxy-pyridin-3-yl, 4- methoxy-pyrimidin-2-yl,
4-methoxy-pyrimidin-5-yl, 4-methyl-phenyl,
4-methyl-pyridin-2- yl, 4-methyl-pyridin-3-yl,
4-pyrrolidin-l-yl-pyrimidin-2-yl,
5,6-dimethoxy-pyrazin-2-yl, 5- acetyl-thiophen-2-yl,
5-amino-6-ethoxy-pyrazin-2-yl,
5-amino-6-methoxy-3-methylpyrazin- 2-yl,
5-amino-6-methoxy-pyridin-2-yl,
5-chloro-4-methoxy-pyrimidin-2-yl, 5-
chloro-6-methoxy-pyrazin-2-yl,
5-dimethylamino-6-methoxy-pyrazin-2-yl, 5-fmoro-2-
methoxyphenyl, 5-fluoro-4-methoxy-pyrimidin-2-yl,
5-fluoro-6-methoxy-pyrazin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methoxy-pyridin-3-yl,
5-methoxy-thiophen-2-yl, 5-trifluoromethylpyrimidin-
2-yl, 6-acetyl-pyridin-2-yl, 6-chloro-pyrazin-2-yl,
6-ethoxy-pyrazin-2-yl, 6- ethoxy-pyridin-2-yl,
6-fluoro-pyridin-2-yl, 6-fluoro-pyridin-3-yl,
6-hydroxy-pyridin-2-yl, 6-
methoxy-5-methylamino-pyrazin-2-yl,
6-methoxy-5-methyl-pyrazin-2-yl, 6-methoxypyrazin-
2-yl, 6-methoxy-pyridin-2-yl, 6-methoxy-pyridin-3-yl,
6-methylamino-pyrazin-2- yl, 6-methyl-pyridin-2-yl,
5-amino-6-(2,2,2-trifluoroethoxy)pyrazin-2-yl, and 6-
trifluoromethyl-pyridin-2-yl. In another embodiment of
the invention, compounds of formula (IV) are provided:
(IV) or a stereoisomer, tautomer, pharmaceutically
acceptable salt, or prodrug thereof, wherein R is
hydrogen or substituted or unsubstituted C1-C6 alkyl,
R5 is hydrogen or halo, R6a is selected from the group
consisting of halo, substituted or unsubstituted
aryl,and substituted or unsubstituted heteroaryl. In
some embodiments provided are compounds of formula
(IVa): (IVa) or a tautomer, pharmaceutically
acceptable salt, or prodrug thereof, wherein R4 R5,
and R6a are as previously defined for formula (IV). In
some embodiments of the compounds of formula (IV) or
(IVa), R4 is selected from the group consisting of
hydrogen, benzyl, l-(4-methoxyphenyl)ethyl, methyl, 3-
aminopropyl, and 2-methyl-2-morpholinopropyl. In other
embodiments, R is selected from the group consisting
of methyl, ethyl, allyl, 3-methyl-butyl, and isobutyl.
In some embodiments, R5 is hydrogen or fluoro. In some
aspects R5 is fluoro. In some aspects, R6a is aryl or
heteroaryl substituted with one to two substituents
selected from the group consisting of halo, alkoxy,
alkyl, amino, alkylamino, haloalkyl, and haloalkoxy.
In some embodiments R6a is selected from the group
consisting of substituted aryl and substituted
heteroaryl, wherein said aryl and heteroaryl is
selected from the group consisting of furanyl,
pyrrolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, pyrazolyl, imidazolyl, triazolyl,
indolyl, oxadiazole, thiadiazole, quinolinyl,
isoquinolinyl, isoxazolyl, oxazolyl, thiazolyl, and
thienyl. In some aspects, the aforementioned groups
are substituted with one to two substituents selected
from the group consisting of halo, alkoxy, alkyl,
amino, alkylamino, haloalkyl, and haloalkoxy. In some
embodiments, R6a is selected from the group consisting
of (2-hydroxyethylamino)-pyrazin-2-yl,
lH-pyrazol-4-yl, 1-methyl-lH-pyrazol-4-yl,
1-methyl-lHpyrazol- 4-yl,
2-(5-methyl-pyridin-2-yl)-phenyl, 2,3-difluoro-phenyl,
2,3-dimethoxy-phenyl, 2,4-difluoro-phenyl,
2,4-dimethoxy-phenyl, 2,4-dimethoxy-pyrimidin-5-yl,
2,5-difluorophenyl, 2,6-difluoro-phenyl,
2,6-dimethyl-pyridin-3-yl, 2-acetamidophenyl, 2-
aminocarbonylphenyl, 2-amino-pyrimidin-5-yl,
2-chloro-4-methoxy-pyrimidin-5-yl, 2-
chloro-5-fluoro-pyridin-3-yl, 2-chloro-phenyl,
2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-yl,
2-difluoro-3-methoxyphenyl, 2-ethyl-phenyl,
2-ethoxy-thiazol-4-yl, 2-fluoro-3-methoxyphenyl,
2-fluoro-3-methylphenyl, 2-fluoro-4-methyl-phenyl,
2-fluoro-5-methoxy-phenyl, 2- fluoro-5-methylphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl,
2-hydroxymethyl-3- methoxyphenyl,
2-hydroxymethylphenyl, 2-isoquinolin-4-yl,
2-methoxy-5-trifluoromethylphenyl, 2-methoxy-phenyl,
2-methoxy-pyridin-3-yl, 2-methoxy-pyrimidin-4-yl,
2-methoxythiazol- 4-yl, 2-methyl-phenyl,
2-methyl-pyridin-3-yl, 2-oxo-l,2-dihydro-pyridin-3-yl,
2- phenoxyphenyl, 2-pyridin-3-yl, 2-pyrimidin-5-yl,
2-trifluoromethoxyphenyl, 2- trifluoromethoxy-phenyl,
3,4-dimethoxy-phenyl, 3,5-dimethyl-isoxazol-4-yl,
3,6-dimethylpyrazin- 2-yl, 3-acetamidophenyl,
3-aminocarbonylphenyl, 3-bromo-phenyl,
3-chloropyrazin- 2-yl, 3-cyanophenyl,
3-dimethylaminophenyl, 3-ethoxy-phenyl,
3-ethyl-4-methylphenyl, 3-ethynyl-phenyl,
3-fluoro-6-methoxy-pyridin-2-yl, 3-fluorophenyl,
3-flupropyrazin- 2-yl, 3-methanesulfonamidophenyl,
3-methoxycarbonylphenyl, 3-methoxyphenyl, 



3-methoxy-pyrazin-2-yl,
3-methyl-3H-imidazo[4,5-b]pyrazin-5-yl,
3-methylphenyl, 3- methyl-pyridin-2-yl,
3-trifluoromethoxyphenyl, 3-trifluoromethylphenyl,
4,5-dimethoxypyrimidin- 2-yl,
4-amino-5-fluoro-pyrimidin-2-yl,
4-chloro-2,5-dimethoxy-phenyl, 4-chloro-
2-fluoro-phenyl, 4-chloro-2-methoxy-5-methyl-phenyl,
4-chloro-pyridin-3-yl, 4-difluoro-2- methyl-phenyl,
4-ethoxy-5-fluoro-pyrimidin-2-yl,
4-ethoxy-pyrimidin-2-yl, 4-ethoxypyrimidin- 5-yl,
4-ethyl-lH-pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl,
4-fluoro-2-methylphenyl, 4-fluorophenyl,
4-methoxy-5-methyl-pyrimidin-2-yl,
4-methoxy-pyridin-3-yl, 4- methoxy-pyrimidin-2-yl,
4-methoxy-pyrimidin-5-yl, 4-methyl-phenyl,
4-methyl-pyridin-2- yl, 4-methyl-pyridin-3-yl,
4-pyrrolidin-l-yl-pyrirnidin-2-yl,
5,6-dimethoxy-pyrazin-2-yl, 5- acetyl-thiophen-2-yl,
5-amino-6-ethoxy-pyrazin-2-yl,
5-arnino-6-methoxy-3-methylpyrazin- 2-yl,
5-amino-6-methoxy-pyridin-2-yl,
5-chloro-4-methoxy-pyrimidin-2-yl, 5-
chloro-6-methoxy-pyrazin-2-yl,
5-dimethylamino-6-methoxy-pyrazin-2-yl, 5-fluoro-2-
methoxyphenyl, 5-fluoro-4-methoxy-pyrimidin-2-yl,
5-fluoro-6-methoxy-pyrazin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methoxy-pyridin-3-yl,
5-methoxy-thiophen-2-yl,
5-trifluoromethylpyrimidin-2-yl,
6-acetyl-pyridin-2-yl, 6-chloro-pyrazin-2-yl,
6-ethoxy-pyrazin-2-yl, 6- ethoxy-pyridin-2-yl,
6-fluoro-pyridin-2-yl, 6-fluoro-pyridin-3-yl,
6-hydroxy-pyridin-2-yl, 6-
methoxy-5-methylamino-pyrazin-2-yl,
6-methoxy-5-methyl-pyrazin-2-yl, 6-methoxypyrazin-
2-yl, 6-methoxy-pyridin-2-yl, 6-methoxy-pyridin-3-yl,
6-methylamino-pyrazin-2- yl, 6-methyl-pyridin-2-yl,
5-amino-6-(2,2,2-trifluoroethoxy)pyrazin-2-yl, and 6-
trifluoromethyl-pyridin-2-yl. In another embodiment,
provided are compounds having formula (V) (V) wherein
R10 and R11 are independently Q1, and Ra, R, Q1, and
Q2 are as previously defined for formula (II). In
another embodiment, 2-amino-quinazolin-5-one compounds
have formula (Va) wherein R10 and R1 1 are
independently Q1, and Ra, R, Q1, and Q2 are as
previously defined for formula (V).In some aspects of
the compounds of formula (V) and (Va), Ra is methyl.
In other aspects of the compounds of formula (V) and
(Va), Ra is hydrogen. In some aspects of the compounds
of formula (V) and (Va), R is selected from the group
consisting of hydrogen, benzyl,
l-(4-methoxyphenyl)ethyl, methyl, 3-aminopropyl, and
2-methyl-2-morpholinopropyl. In other aspects, R is
selected from the group consisting of methyl, ethyl,
allyl, 3-methyl-butyl, and isobutyl. . In some aspects
of the compounds of formula (V) and (Va), Q2 is
selected from the group consisting of substituted or
unsubstituted aryl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted C3-C7 cycloalkyl, and
substituted or unsubstituted C5-C7 cycloalkenyl. In
other aspects said aryl, heterocyclyl, heteroaryl,
C3-C7 cycloalkyl, and C5-C7 cycloalkenyl is selected
from the group consisting of phenyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, pyrazolyl,
imidazolyl, triazolyl, indolyl, oxadiazole,
thiadiazole, furanyl, quinolinyl, isoquinolinyl,
isoxazolyl, oxazolyl, thiazolyl, morpholino,
piperidinyl, pyrrolidinyl, thienyl, cyclohexyl,
cyclopentyl, cyclohexenyl, and cyclopentenyl. In some
aspects, the aforementioned groups are substituted
with one to two substituents selected from the group
consisting of halo, alkoxy, alkyl, amino, alkylamino,
haloalkyl, and haloalkoxy. In other aspects of the
compounds of formula (V) and (Va), Q2 is selected from
the group consisting of
(2-hydroxy-ethylamino)-pyrazin-2-yl, lH-pyrazol-4-yl,
1-methyl- IHpyrazol- 4-yl, 1-methyl- lH-pyrazol-4-yl,
2-(5-methyl-pyridin-2-yl)-phenyl, 2,3-difluorophenyl,
2,3-dimethoxy-phenyl, 2,4-difluoro-phenyl,
2,4-dimethoxy-phenyl, 2,4-dimethoxypyrimidin- 5-yl,
2,5-difluoro-phenyl, 2,6-difluoro-phenyl,
2,6-dimethyl-pyridin-3-yl, 2- acetamidophenyl,
2-aminocarbonylphenyl, 2-amino-pyrimidin-5-yl,
2-chloro-4-methoxypyrimidin- 5-yl,
2-chloro-5-fluoro-pyridin-3-yl, 2-chloro-phenyl,
2-chloro-pyridin-3-yl, 2- chloro-pyridin-4-yl,
2-difluoro-3-methoxyphenyl, 2-ethyl-phenyl,
2-ethoxy-thiazol-4-yl, 2- fluoro-3-methoxy-phenyl,
2-fluoro-3-methylphenyl, 2-fluoro-4-methyl-phenyl,
2-fluoro-5- methoxy-phenyl, 2-fluoro-5-methylphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl, 2-
hydroxymethyl-3-methoxyphenyl, 2-hydroxymethylphenyl,
2-isoquinolin-4-yl, 2-methoxy-
5-trifluoromethyl-phenyl, 2-metlioxy-phenyl,
2-methoxy-pyridin-3-yl, 2-methoxypyrimidin- 4-yl,
2-methoxy-thiazol-4-yl, 2-methyl-phenyl,
2-methyl-pyridin-3-yl, 2-oxo-l,2-
dihydro-pyridin-3-yl, 2-phenoxyphenyl, 2-pyridin-3 yl,
2-pyrimidin-5-yl, 2-trifluoromethoxyphenyl,
2-trifluoromethoxy-phenyl, 3,4-dimethoxy-phenyl,
3,5-dimethylisoxazol- 4-yl, 3,6-dimethyl-pyrazin-2-yl,
3-acetamidophenyl, 3-aminocarbonylphenyl, 3-
bromo-phenyl, 3-chloro-pyrazin-2-yl, 3-cyanophenyl,
3-dimethylaminophenyl, 3-ethoxyphenyl,
3-ethyl-4-methyl-phenyl, 3-ethynyl-phenyl,
3~fluoro-6-methoxy-pyridin-2-yl, 3- fluorophenyl,
3-fluoro-pyrazin-2-yl, 3-methanesulfonamidophenyl, 3-
methoxycarbonylphenyl, 3-methoxyphenyl,
3-methoxy-pyrazin-2-yl, 3-methyl-3Himidazo[
4,5-b]pyrazin-5-yl, 3-methylphenyl,
3-methyl-pyridin-2-yl, 3- trifluoromethoxyphenyl,
3-trifluoromethylphenyl, 4,5-dimethoxy-pyrimidin-2-yl,
4-amino- 5-fluoro-pyrimidin-2-yl,
4-chloro-2,5-dimethoxy-phenyl,
4-chloro-2-fluoro-phenyl, Achloro-
2-methoxy-5-methyl-phenyl, 4-chloro-pyridin-3-yl,
4-difluoro-2-methyl-phenyl, Aethoxy-
5-fluoro-pyrimidin-2-yl, 4-ethoxy-pyrimidin-2-yl,
4-ethoxy-pyrimidin-5-yl, 4-ethyllH- pyrazol-3-yl,
4-fluoro-2-methoxy-phenyl, 4-fluoro-2-methyl-phenyl,
4-fluorophenyl, Amethoxy- 5-methyl-pyrimidin-2-yl,
4-methoxy-pyridin-3-yl, 4-methoxy-pyrimidin-2-yl,
Amethoxy- pyrimidin-5-yl, 4-methyl-phenyl,
4-methyl-pyridin-2-yl, 4-methyl-pyridin-3-yl,
Apyrrolidin- l-yl-pyrimidin-2-yl,
5,6-dimethoxy-pyrazin-2-yl, 5-acetyl-thiophen-2-yl, 5-
amino-6-ethoxy-pyrazin-2-yl,
5-amino-6-metlioxy-3-methyl-pyrazin-2-yl, 5-amino-6-
methoxy-pyridin-2-yl,
5-chloro-4-methoxy-pyrimidin-2-yl,
5-chloro-6-methoxy-pyrazin-2- yl,
5-dimethylamino-6-methoxy-pyrazin-2-yl,
5-fluoro-2-methoxyphenyl, 5-fluoro-4-
methoxy-pyrimidin-2-yl,
5-fluoro-6-methoxy-pyrazin-2-yl,
5-fluoro-pyridin-2-yl, 5- methoxy-pyridin-3-yl,
5-methoxy-thiophen-2-yl,
5-trifluoromethyl-pyrimidin-2-yl, 6-acetylpyridin-
2-yl, 6-chloro-pyrazin-2-yl, 6-ethoxy-pyrazin-2-yl,
6-ethoxy-pyridin-2-yl, 6-fluoropyridin- 2-yl,
6-fluoro-pyridin-3-yl, 6-hydroxy-pyridin-2-yl,
6-methoxy-5-methylaminopyrazin- 2-yl,
6-methoxy~5-methyl-pyrazin-2-yl,
6-methoxy-pyrazin-2-yl, 6-methoxypyridin- 2-yl,
6-methoxy-pyridin-3-yl, 6-methylamino-pyrazin-2-yl,
6-methyl-pyridin-2-yl,
5-amino-6-(2,2,2-trifluoroethoxy)pyrazin-2-yl, and
6-trifluoromethyl-pyridin-2-yl. In one embodiment of
the compounds of formula (V) and (Va), R9 and R10 are
hydrogen. In another aspect one of R9 or R  is
hydrogen and the other is halo or C1-C6 alkoxy. In
some aspects, one of R9 or R10 is fluoro. In other
aspects one of R9 or R10 is methoxy. In one
embodiment, the present invention provides a compound
or a stereoisomer, tautomer, pharmaceutically
acceptable salt, or prodrug thereof selected from the
group consisting of the compounds in Example 9, Tables
1-5,In another embodiment, the present invention
provides a compound or a stereoisomer, tautomer,
pharmaceutically acceptable salt, or prodrug thereof
selected from the group consisting of
(R)-2-amino-7-[2-(2-fluoro-pyridin-3-yl)-phenyl]-4-met
hyl-7,8-dihydro-6Hpyrido[ 4,3-d]pyrimidin-5-one;
(S)-2-amino-6-benzyl-7-[4-fiuoro-2-(2-fluoro-pyridin-3
-yl)-phenyl]-4-methyl-7,8-
dihydro-6H-pyrido[4,3-d]pyrimidin-5-one;
(R)-2-amino-7-[4-fluoro-2-(2-fluoro-pyridin-3-yl)-rhen
yl]-4-methyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
(R)-2-amino-7-(2-bromo-4-fluoro-rhenyl)-6-[(S)-
1-(4-methoxy-rhenyl)-ethyl]-4-
methyl-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one;
(R)-2-amino-7-[2-(6-methoxy-ryridin-2-yl)-phenyl]-4-me
thyl-7,8-dihydro-6Hpyrido[ 4,3-d]pyrimidin-5-one;
(R)-2-amino-7-[4-fluoro-2-(6-methoxy-pyridin-2-yl)-phe
nyl]-4-methyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(6-methoxy-pyridin-2-yl)-phenyl]
-4,6-dimethyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-ammo-7-[4-fluoro-2-(2-fluoro-pyridin-3-yl)-phenyl]-4
,6-dimethyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(6-methoxypyridin-2-yl)phenyl]-4
-methyl-7,8- dihydropyrido[4,3-d]pyrimidin-5(6H)-one;
2-amino-7-[2-(6-methoxy-pyrazin-2-yl)-phenyl]-4-methyl
-7,8-dihydro-6Hpyrido[ 4,3-d]pyrimidin-5-one;
(R)-2-amino-7-[4-fluoro-2-(6-methoxy-pyrazin-2-yl)-phe
nyl]-4-methyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(6-methoxy-pyrazin-2-yl)-phenyl]
-4,6-dimethyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[2-(2-methoxy-pyridin-3-yl)-phenyl]-4-methyl
-7,8-dihydro-6H- ryrido[4,3-d]pyrimidin-5-one;
2-amino-7-(5,2'-difluoro-biphenyl-2-yl)-4-methyl-7,8-d
ihydro-6H-pyrido[4,3- d]pyrimidin-5-one;
2-amino-7-(5-fluoro-2'-trifluoromethoxy-biphenyl-2-yl)
-4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-[2-(2-chloro-pyridin-3-yl)-4-fluoro-phenyl]-
4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(6-fluoro-pyridin-3-yl)-phenyl]-
4-methyl-7,8-dihydro-6Hpyrido[ 4,3-d]pyrimidin-5-one;
2-amino-7-(4-fluoro-2-isoquinolin-4-yl-phenyl)-4-methy
l-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-(5,3'-difluoro-biphenyl-2-yl)-4-methyl-7,8-d
ihydro-6H-pyrido[4,3- d]pyrimidin-5-one;
2-amino-7-[2-(4-chloro-pyridin-3-yl)-4-fluoro-phenyl]-
4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-(5,2'-difluoro-3'-methoxy-biphenyl-2-yl)-4-m
ethyl-7,8-diliydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-(5,4'-difluoro-2
l-methyl-biphenyl-2-yl)-4-metliyl-7,8-dihydro-6Hpyrido
[ 4,3-d]pyrimidin-5-one; 2-amino-7-(5-fluoro-2
l-methoxy-biphenyl-2-yl)-4-methyl-7,8-dihydro-6Hpyrido
[4,3-d]pyrimidin-5-one;
2-amino-7-(4-fluoro-2-pyrimidin-5-yl-phenyl)-4-methyl-
7,8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(2-methoxy-pyridin-3-yl)-phenyl]
-4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-(5-fluoro-3'-metlioxy-biplienyl-2-yl)-4-meth
yl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
(R)-2-amino-6-(3-amino-propyl)-7-[4-fluoro-2-(6-methox
y-pyridin-2-yl)-phenyl]-4-
methyl-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-(4-fluoro-2-pyridin-3-yl-phenyl)-4-methyl-7,
8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one;
2-amino-7-(5,2'-difluoro-4'-metliyl-biphenyl-2-yl)-4-m
ethyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(l-methyl-lH-pyrazol-4-yl)-pheny
l]-4-methyl-7,8-dihydro-
6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(lH-pyrazol-4-yl)-phenyl]-4-meth
yl-7,8-dihydro-6Hpyrido[4,3-d]pyrimidin-5-one;
2-amino-4-methyl-7-(5,2',3'-trifluoro-biphenyl-2-yl)-7
,8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one;
2-amino-7-(2-bromo-4-fluoro-phenyl)-4-methyl-6-(2-meth
yl-2-morpholin-4-ylpropyl)-
7,8-dihydro-6H-pyrido[4,3-d]pyrimidm-5-one;
2-aniino-7-(3'-dimetliylamino-5-fluoro-biphenyl-2-yl)-
4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-[2-(2,4-dimethoxy-pyrimidin-5-yl)-4-fluoro-p
henyl]-4-methyl-7,8-
dihydro-6H-pyrido[4,3-d]pyrimidin-5-one;
2-amino-7-[4-fluoro-2-(5-methoxy-pyridin-3-yl)-phenyl]
-4-methyl-7,8-dihydro-6Hpyrido [4,3-d]pyrimidin-5-one;
2-amino-7-(4-fluoro-2-pyrimidin-5-yl-phenyl)-4-methyl-
6-(2-methyl-2-morpholin-
4-yl-propyl)-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-o
ne;
2-amino-7-[4-fluoro-2-(2-methoxy-pyridin-3-yl)-phenyl]
-4-methyl-6-(2-methyl-2-
morpholin-4-yl-propyl)-7,8-dihydro-6H-pyrido[4,3-d]pyr
imidin-5-one;
2-amino-7-(5-fluoro-3'-methoxy-biphenyl-2-yl)-4-methyl
-6-(2-methyl-2-morpliolin-
4-yl-propyl)-7,8-dmydro-6H-pyrido[4,3-d]pyrimidin-5-on
e;
(R)-2-aniino-7-[4-fluoro-2-(4-methoxy-5-methyl-pyrinii
din-2-yl)-phenyl]-4-metliyl-
7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one; and
2-amino-7-(4-fluoro-2-furan-3-yl-phenyl)-4-methyl-7,8-
dihydro-6H-pyrido[4,3- 



d]pyrimidin-5-one. In another embodiment, the
compounds of the present invention exhibit helical
asymmetry. More particularly, the compounds of the
present invention may be atropisomers, which is a
subclass of conformers that can be isolated as
separate chemical species and which arise from
restricted rotation about a single bond. In other
aspects, the present invention provides methods for
manufacture of 2-
ammo-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds. Methods of making representative compounds
of the invention are described in Examples 1-8. It is
further contemplated that, in addition to the
compounds of formula (I), intermediates, and their
corresponding methods of syntheses are included within
the scope of the invention. In other aspects, the
present invention provides compositions that include
theHSP90 inhibitors described herein, and methods that
utilize the HSP90 inhibitors described herein. In one
aspect, the present invention provides pharmaceutical
compositions comprising at least one
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compound (e.g, a compound of formula (I), (Ia), (II),
(Ha), (III), (Ilia), (IV), (IVa), (V), or (Va)) or a
stereoisomer, tautomer, or pharmaceutical acceptable
salt or prodrug thereof together with a
pharmaceutically acceptable carrier suitable for
administration to a human or animal subject, either
alone or together with other anticancer agents. A
number of suitable anticancer agents to be used as
combination therapeutics are contemplated for use in
the compositions and methods of the present invention.
Suitable anticancer agents to be used in combination
with the compounds of the invention include agents
that induce apoptosis; polynucleotides (e.g.,
ribozymes); polypeptides (e.g., enzymes); drugs;
biological mimetics; alkaloids; alkylating agents;
antitumor antibiotics; antimetabolites; hormones;
platinum compounds; monoclonal antibodies conjugated
with anticancer drugs, toxins, and/or radionuclides;
biological response modifiers (e.g., interferons
[e.g., IFN-a] and interleukins [e.g., IL-2]); adoptive
immunotherapy agents; hematopoietic growth factors;
agents that induce tumor cell differentiation (e.g.,
all-trans-retinoic acid); gene therapy reagents;
antisense therapy reagents and nucleotides; tumor
vaccines; inhibitors of angiogenesis, and the like.
Numerous other examples of chemotherapeutic compounds
and anticancer therapies suitable for
co-administration with the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5- one
compounds of the invention are known to those skilled
in the art. In certain embodiments, anticancer agents
to be used in combination with 2-amino-
7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one compounds
of the invention comprise agents that induce or
stimulate apoptosis. Agents that induce apoptosis
include, but are not limited to, radiation; kinase
inhibitors (e.g., Epidermal Growth Factor Receptor
[EGFR] kinase inhibitor, Vascular Endothelial Growth
Factor Receptor [VEGFR] kinase inhibitor, Fibroblast
Growth Factor Receptor [FGFR] kinase inhibitor,
Platelet-derived Growth Factor Receptor [PGFR] I
kinase inhibitor, and Bcr-Abl kinase inhibitors such
as STI-571 [Gleevec or Glivec]); antisense molecules;
antibodies [e.g., Herceptin and Rituxan];
antiestrogens [e.g., raloxifene and tamoxifen];
anti-androgens [e.g., flutamide,
bicalutamide,finasteride, amino-glutethamide,
ketoconazole, and corticosteroids]; cyclooxygenase 2
(COX-2) inhibitors [e.g., Celecoxib, meloxicam,
NS-398, and non-steroidal anti-inflammatory drugs
(NSAIDs)]; and cancer chemotherapeutic drugs [e.g.,
irinotecan (Camptosar), CPT-Il, fludarabine (Fludara),
dacarbazine (DTIC), dexamethasone, mitoxantrone,
Mylotarg, VP- 16, cisplatinum, 5-FU, Doxrubicin,
Taxotere or Taxol]; cellular signaling molecules;
ceramides and cytokines; and staurosparine; and the
like. In other aspects, the invention provides methods
for using the compounds and compositions described
herein. For example, the compounds and compositions
described herein can be used in the treatment of
cancer. The compounds and compositions described
herein can also be used in the manufacture of a
medicament for the treatment of cancer. In one
embodiment, the present invention provides methods of
treating human or animal subjects suffering from a
cellular proliferative disease, such as cancer. The
present invention provides methods of treating a human
or animal subject in need of such treatment,
comprising administering to the subject a
therapeutically effective amount of an 2-amino-
7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one compound
or composition (e.g., a compound or composition of
formula (I), (Ia), (II), (Ha), (III), (Ilia), (IV),
(IVa), (V), or (Va)), either alone or in combination
with other anticancer agents. In another embodiment,
the present invention provides methods for treating a
cellular proliferative disease in a human or animal
subject in need of such treatment comprising,
administering to said subject an amount of an
2-amino-7,8-dihydro-6Hpyrido[ 4,3-d]pyrimidm~5-one
compound or composition (e.g., a compound or
composition of formula (I)-(V)) effective to reduce or
prevent cellular proliferation or tumor growth in the
subject. In another embodiment, the present invention
provides methods for treating a cellular proliferative
disease in a human or animal subject in need of such
treatment comprising administering to said subject an
amount of an 2-amino-7,8-dihydro-6Hpyrido[
4,3-d]pyrimidin-5-one compound (e.g., a compound of
formula (I), (Ia), (II), (Ha), (III), (Ilia), (IV),
(IVa), (V), and (Va)) effective to reduce or prevent
cellular proliferation in the subject in combination
with at least one additional agent for the treatment
of cancer. The present invention provides compounds
that are inhibitors of HSP90. The inhibitors are
useful in pharmaceutical compositions for human or
veterinary use whereinhibition of HSP90 is indicated,
e.g., in the treatment of cellular proliferative
diseases such as tumor and/or cancerous cell growth
mediated by HSP90. In particular, the compounds are
useful in the treatment of human or animal (e.g.,
murine) cancers, including, for example, lung and
bronchus; prostate; breast; pancreas; colon and
rectum; thyroid; stomach; liver and intrahepatic bile
duct; kidney and renal pelvis; urinary bladder;
uterine corpus; uterine cervix; ovary; multiple
myeloma; esophagus; acute myelogenous leukemia;
chronic myelogenous leukemia; lymphocytic leukemia;
myeloid leukemia; brain; oral cavity and pharynx;
larynx; small intestine; non-hodgkin lymphoma;
melanoma; and villous colon adenoma. In another
embodiment, the invention provides methods of treating
an HSP90 mediated disorder. In one method, an
effective amount of an 2-amino-7,8-dihydro-
6H-pyrido[4,3-d]pyrirnidin-5-one compound (e.g, a
compound of formula (I), (Ia), (II), (Ha), (III),
(Ilia), (IV), (IVa), (V), and (Va)) is administered to
a patient (e.g., a human or animal subject) in need
thereof to mediate (or modulate) HSP90 activity. In
some aspects, the HSP90 mediated disorder is a
cellular proliferative, viral, autoimmune,
cardiovascular, and central nervous system disorder.
In another embodiment, the invention provides methods
of treating a cellular proliferative, viral,
autoimmune, cardiovascular, or central nervous system
disorder. In one method, an effective amount of a
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compound (e.g, a compound of formula (I), (Ia), (II),
(Ha)5 (III), (Ilia), (IV), (IVa), (V), and (Va)) is
administered to a patient (e.g., a human or animal
subject) in need thereof to treat a cellular
proliferative, viral, autoimmune, cardiovascular, and
central nervous system disorder. A representative
assay for determining HSP90 inhibitory activity is
described in Example 10. In a preferred embodiment,
the 2-amino-7,8-dihydro-6H~pyrido[4,3-
d]pyrimidin-5-one compounds of the invention have an
IC50 value for inhibiting HSP90 activity less than or
equal to 100 mM. In more preferred embodiments, the
IC50 value is less than or equal to 50 mM, even more
preferred with an IC50 value less than or equal to 25
mM. Still more preferred embodiment have IC50 values
less than or equal to 10 mM, and even more preferred
embodiments have IC5O values less than or equal to 1
mM. The following definitions are provided to better
understand the invention."Alkyl" or "unsubstituted
alkyl" refers to saturated hydrocarbyl groups that do
not contain heteroatoms. Thus the phrase includes
straight chain alkyl groups such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl and the like. The phrase also
includes branched chain isomers of straight chain
alkyl groups, including but not limited to, the
following which are provided by way of example:
-CH(CHs)2, -CH(CH3)(CH2CH3), -CH(CH2CHs)2, -C(CHs)3,
-C(CH2CH3)3, -CH2CH(CH3)2, -CH2CH(CH3)(CH2CH3)
-CH2CH(CH2CH3)2, -CH2C(CH3)3, -CH2C(CH2CHs)3, -CH(CH
3)CH(CH 3)(CH 2CH3), -CH 2CH2CH(CH S)2, -CH 2CH2CH(CH
3)(CH 2CHS), -CH2CH2CH(CH2CH3)2, -CH2CH2C(CHs)3,
-CH2CH2C(CH2CHs)3, -CH(CH3)CH2CH(CH3)2,
-CH(CH3)CH(CH3)CH(CH3)2, -CH(CH 2CH3)CH(CH S)CH(CH
S)(CH 2CH3), and others. Thus the phrase "alkyl
groups" includes primary alkyl groups, secondary alkyl
groups, and tertiary alkyl groups. Preferred alkyl
groups include straight and branched chain alkyl
groups having 1to 12, 1 to 6, or 1 to 3 carbon atoms.
"Alkylene" or "unsubstituted alkylene" refers to the
same residues as noted above for "alkyl," but having
two points of attachment. Exemplary alkylene groups
include ethylene (-CH2CH2-), propylene (-CH2CH2CH2-),
and dimethylpropylene (- CH2C(CH3)2CH2-). "Alkenyl" or
"unsubstituted alkenyl" refers to straight chain and
branched, chain hydrocarbyl radicals having one or
more carbon-carbon double bonds and from 2 to about 20
carbon atoms. Preferred alkenyl groups include
straight chain and branched alkenyl groups having 2 to
12, or 2 to 6 carbon atoms. "Alkynyl" or
"unsubstituted alkynyl" refers to straight chain and
branched chain hydrocarbyl radicals having one or more
carbon-carbon triple bonds and from 2 to about 20
carbon atoms. Preferred alkynyl groups include
straight chain and branched alkynyl groups having 2 to
12, or 2 to 6 carbon atoms. "Cycloalkyl" or
"unsubstituted cycloalkyl" refers to a mono- or
polycyclic alkyl substituent. Representative
cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.
Preferred cycloalkyl groups have 3 to 7 carbon atoms.
"Cycloalkenyl" or "unsubstituted cycloalkenyl" refers
to a mono- or polycyclic alkylsuDstituents naving at
least one ring carbon-carbon double bond. Preferred
cycloalkenyl groups have 5 to 7 carbon atoms and
include cyclopentenyl and cyclohexenyl. "Substituted
alkyl" refers to an alkyl group as defined above in
which one or more bonds to a carbon(s) or hydrogen(s)
are replaced by a bond to non-hydrogen or non-carbon
atoms such as, but not limited to, a halogen atom such
as F, Cl, Br, and I; an oxygen atom in groups such as
hydroxyl groups, alkoxy groups, aryloxy groups, and
ester groups; a sulfur atom in groups such as thiol
groups, alkyl and aryl sulfide, sulfone, sulfonyl, and
sulfoxide groups; a nitrogen atom in groups such as
amino, amido, alkylamino, arylamino, alkylarylamino,
diarylamino, N-oxides, imides, and enamines.
Substituted alkyl groups also include groups in which
one or more bonds to a carbon(s) or hydrogen(s) atom
is replaced by a higher-order bond (e.g., a double- or
triple-bond) to a heteroatom such as oxygen in oxo,
carbonyl, carboxyl, and ester groups; or nitrogen in
groups such as imines, oximes, hydrazones, and
nitriles. Substituted alkyl groups further include
alkyl groups in which one or more bonds to a carbon(s)
or hydrogen(s) atoms is replaced by a bond to an aryl,
heteroaryl, heterocyclyl, cycloalkyl, or cycloalkenyl
group. Preferred substituted alkyl groups include,
among others, alkyl groups in which one or more bonds
to a carbon or hydrogen atom is/are replaced by one or
more bonds to fluoro, chloro, or bromo group. Another
preferred substituted alkyl group is the
trifluoromethyl group and other alkyl groups that
contain the trifluoromethyl group. Other preferred
substituted alkyl groups include those in which one or
more bonds to a carbon or hydrogen atom is replaced by
a bond to an oxygen atom such that the substituted
alkyl group contains a hydroxyl, alkoxy, or aryloxy
group. Other preferred substituted alkyl groups
include alkyl groups that have an amino, or a
substituted or unsubstituted alkylamino, arylamino,
heterocyclylamino. Still other preferred substituted
alkyl groups include those in which one or more bonds
to a carbon(s) or hydrogen(s) atoms is replaced by a
bond to an aryl, heteroaryl, heterocyclyl, or
cycloalkyl group. Examples of substituted alkyl are:
-(CH2)3NH2, -(CH2)3NH(CH 3), -(CH2)3NH(CH 3)2,
-CH2CC=CH2)CH2NH2,-CH2C(O)CH 2NH2,-CH2S(=O)2CH3,
-CH2OCH2NH2, -CH2CO2H. Examples of substituents of
substituted alkyl are: -CH2OH, -OH, -OCH3, -OC2H5,
-OCF3, OC(=O)CH3, -OC(K))NH 2, -OC(=O)N(CH 3)2,-CN,
-NO2, -C(O)CH 3, -CO2H, -CO2CH3, -CONH2, -NH2,
-N(CH3)2, -NHSO2CH3, -NHCOCH3, -NHC(O)OCH 3,
-NHSO-2CH3, -SO2CH3, -SO2NH2, and halo. "Substituted
alkenyl" has the same meaning with respect to
unsubstituted alkenylgroups that substituted alkyl
groups has with respect to unsubstituted alkyl groups.
A substituted alkenyl group includes alkenyl groups in
which a non-carbon or non-hydrogen atom is bonded to a
carbon double bonded to another carbon and those in
which one of the non-carbon or non-hydrogen atoms is
bonded to a carbon not involved in a double bond to
another carbon. "Substituted alkynyl" has the same
meaning with respect to unsubstituted alkynyl groups
that substituted alkyl groups has with respect to
unsubstituted alkyl groups. A 



substituted alkynyl group includes alkynyl groups in
which a non-carbon or non-hydrogen atom is bonded to a
carbon triple bonded to another carbon and those in
which a non-carbon or non-hydrogen atom is bonded to a
carbon not involved in a triple bond to another
carbon. "Substituted cycloalkyl" has the same meaning
with respect to unsubstituted cycloalkyl groups that
substituted alkyl groups has with respect to
unsubstituted alkyl groups. "Substituted cycloalkenyl"
has the same meaning with respect to unsubstituted
cycloalkenyl groups that substituted alkyl groups has
with respect to unsubstituted alkyl groups. "Aryl" or
"unsubstituted aryl" refers to monocyclic and
polycyclic aromatic groups that do not contain ring
heteroatoms. Such groups can contain from 6 to 14
carbon atoms but preferably 6. Exemplary aryl moieties
employed as substituents in compounds of the present
invention include phenyl, naphthyl, and the like.
"Aralkyl" or "arylalkyl" refers to an alkyl group
substituted with an aryl group as defined above.
Typically, aralkyl groups employed in compounds of the
present invention have from 1to 6 carbon atoms
incorporated within the alkyl portion of the aralkyl
group. Suitable aralkyl groups employed in compounds
of the present invention include, for example, benzyl
and the like. "Heteroarylalkyl" or "heteroaralkyl"
refers to an alkyl group substituted with a heteroaryl
group as defined above. Typically, heteroarylalkyl
groups employed in compounds of the present invention
have from 1 to 6 carbon atoms incorporated within the
alkyl portion of the aralkyl group. Suitable
heteroarylalkyl groups employed in compounds of the
present invention include, for example, picolyl and
the like. "Alkoxy" refers to R20O- wherein R20 is
C1-C7 alkyl or substituted alkyl. In someembodiments",
K i s C -C6 alkyl. Representative examples of alkoxy
groups include methoxy, ethoxy, t-butoxy,
trifluoromethoxy, and the like. "Amino" refers herein
to the group -NH . "Substituted amino" refers to the
group -NR 60R6 1 where R60 and R6 1 are independently
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic, -SO2-alkyl, -SO2-substituted alkyl, and
where R60 and R6 1 are joined, together with the
nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group provided that R60 and
R6 1 are both not hydrogen. When R60 is hydrogen and
R61 is alkyl, the substituted amino group is sometimes
referred to herein as alkylamino. When R60 and R6 1
are alkyl, the substituted amino group is sometimes
referred to herein as dialkylamino. When referring to
a monosubstituted amino, it is meant that either R60
and R6 1 is hydrogen but not both. When referring to a
disubstituted amino, it is meant that neither R60 and
R6 1 is hydrogen. The term "alkylamino" refers herein
to the group -NR 60R6 1 where R60 is C1-C7 alkyl and
R60 is hydrogen or C1-C7 alkyl. The term
"dialkylamino" refers to the group - NR60R6 1 where
R60 and R6 1 are C1-C7 alkyl. The term "arylamino"
refers herein to the group -NR 60R6 1 where R60 is
C5-C7 aryl and R6 1 is hydrogen, C1-C7 alkyl, or C5-C7
aryl. The term "aralkylamino" refers herein to the
group -NR 60R6 1 where R60 is aralkyl and R6 1 is
hydrogen, C1-C7 alkyl, C5-C7 aryl, or C5-C7 aralkyl.
"Amidino" refers to the moieties R40-C(=N)-NR4 1- (the
radical being at the "N1" nitrogen) and R40(NR4 1)C=N-
(the radical being at the 11N2" nitrogen), where R40
and R4 1 can be hydrogen, C1-C7 alkyl, aryl, or C5-C7
aralkyl. "Alkoxyalkyl" refers to the group -alki-O-alk
2 where alk] is C1-C7 alkyl, and alk2 is C1-C7 alkyl.
The term "aryloxyalkyl" refers to the group -(C 1-C7
alkyl)-O-(C5-C7 aryl). "Alkoxyalkylamino" refers
herein to the group -NR 27-(alkoxyalkyl), where R27 is
typically hydrogen, C5-C7 aralkyl, or C1-C7 alkyl.
"Aminocarbonyl" refers herein to the group -C(O)-NH .
"Substituted aminocarbonyl" refers herein to the group
-C(O)-NR 28R29 where R28 is C1-C7 alkyl and R29 is
hydrogen or C1-C7 alkyl. The term "arylaminocarbonyl"
refers herein to the group -C(O)-NR R I where R is
C5-C7 aryl and R31 is hydrogen, C1-C7 alkyl or C5-C7
aryl. "Aralkylaminocarbonyl" refers herein to the
group -C(O)-NR32R33 where R32 is C5-C7 aralkyl and R33
is hydrogen, C1-C7 alkyl, C5-C7 aryl, or C5-C7
aralkyl. "Aminosulfonyl" refers herein to the group
-S(O) 2-NH2. "Substituted aminosulfonyl" refers herein
to the group -S(O) 2-NR34R35 where R34 is C1-C7 alkyl
and R35 is hydrogen or C1-C7 alkyl. The term
"aralkylaminosulfonlyaryl" refers herein to the group
-(C5-C7 aryl)-S(O)2-NH-aralkyl. "Aryloxy" refers to
R50O- wherein R50 is aryl. "Carbonyl" refers to the
divalent group -C(O)-. "Alkylcarbonyl' refers to the
group -C(O)alkyl. "Arylcarbonyl" refers to the group
-C(O)aryl. Similarly, the term "heteroarylcarbonyl",
"aralkylcarbonyl", and "heteroaralkylcarbonyl" refers
to -C(O)-R where R is respectively heteroaryl,
aralkyl, and heteroaralkyl. "Carbonyloxy" refers
generally to the group -C(O)-O-. Such groups include
esters, -C(O)-O-R36, where R36 is C1-C7 alkyl, C3-C7
cycloalkyl, aryl, or C5-C7 aralkyl. The term
"arylcarbonyloxy" refers herein to the group
-C(O)-O-(aryl). The term "aralkylcarbonyloxy" refers
herein to the group -C(O)-O-(C 5-C7 aralkyl).
"Cycloalkylalkyl" refers to an alkyl group substituted
with a cyloalkyl group as defined above. Typically,
cycloalkylalkyl groups have from 1 to 6 carbon atoms
incorporated within the alkyl portion of the
cycloalkylalkyl group. "Carbonylamino" refers to the
divalent group -NH-C(O)- in which the hydrogen atom of
the amide nitrogen of the carbonylamino group can be
replaced C1-C7 alkyl, aryl, or C5-C7 aralkyl group.
Carbonylamino groups include moieties such as
carbamate esters (-NH-C(O)-O-R28) and amido -NH-C(O)-R
28, where R28 is a straight or branched chain Ci-C 7
alkyl, C3-C7 cycloalkyl, or aryl or C5-C7 aralkyl. The
term "alkylcarbonylamino" refers to the group
-NH-C(O)-R28' where R28' is alkyl having from 1 to
about 7 carbon atoms in its backbone structure. The
term "arylcarbonylamino" refers to group -NH-C(O)-R29
where R29 is C5-C7 aryl. Similarly, the term
"aralkylcarbonylamino" refers to carbonylamino where
R29 is C5-C7 aralkyl. "Guanidino" or "guanidyl" refers
to moieties derived from guanidine, H2N-C(=NH)-NH2.
Such moieties include those bonded at the nitrogen
atom carrying theformal double bond (the Ir2"-position
of the guanidine, e.g., diaminomethyleneamino, (H2N)
C=NH-) and those bonded at either of the nitrogen
atoms carrying a formal single bond (the 11 I-" and/or
"3"-positions of the guandine, e.g., H2N-C(=NH)-NH-).
The hydrogen atoms at any of the nitrogens can be
replaced with a suitable substituent, such as C1-C7
alkyl, aryl, or C5-C7 aralkyl. "Halogen" or "halo"
refers to chloro, bromo, fluoro, and iodo groups. The
term "haloalkyl" refers to an alkyl radical
substituted with one or more halogen atoms.
"Haloalkyl" groups include -CF 3. The term
"haloalkoxy" refers to an alkoxy radical substituted
with one or more halogen atoms. "Haloalkoxy" groups
include -OCF3 and -OCH2CF3. "Hydroxyl" or "hydroxy"
refers to the group -OH. "Heterocyclic" or
"unsubstituted heterocyclic group," "heterocycle" or
"unsubstituted heterocycle," and "heterocyclyl" or
"unsubstituted heterocyclyl," "heterocycloalkyl" or
"unsubstituted heterocycloalkyl group," as used herein
refers to any non-aromatic monocyclic or polycyclic
ring compounds containing a heteroatom selected from
nitrogen, oxygen, or sulfur. Examples include 3- or
4-membered ring containing a heteroatom selected from
nitrogen, oxygen, and sulfur or a 5- or 6-membered
ring containing from one to three heteroatoms selected
from the group consisting of nitrogen, oxygen, or
sulfur; wherein the 5-membered ring has 0-1 double
bonds and the 6-membered ring has 0-2 double bonds;
wherein the nitrogen and sulfur atom maybe optionally
oxidized; wherein the nitrogen and sulfur heteroatoms
maybe optionally quarternized; and including any
bicyclic group in which any of the above heterocyclic
rings is fused to a benzene ring or another 5- or
6-membered heterocyclic ring independently defined
above provided that the point of attachment is through
the heterocyclic ring. Heterocyclic moieties can be,
for example monosubstituted or disubstituted with
various substituents independently selected from but
not limited to hydroxy, alkoxy, halo, oxo (C=O),
alkylimino (R3 1N=, wherein R3 1 is alkyl or alkoxy
group), amino, alkylamino, acylaminoalkyl, alkoxy,
thioalkoxy, polyalkoxy, alkyl, cycloalkyl or
haloalkyl. The heterocyclic groups may be attached at
various positions as shown below as will be apparent
to those having skill in the organic and medicinal
chemistry arts in conjunction with the disclosure
herein.where R is H or a heterocyclic substituent, as
described herein. "Heteroaryl" or "unsubstituted
heteroaryl" refers herein to an aromatic group having
from 1 to 4 heteroatoms as ring atoms in an aromatic
ring with the remainder of the ring atoms being carbon
atoms. The term "heteroaryl" includes rings in which
nitrogen is the heteroatom as well as partially and
fully-saturated rings in which at least one cyclic
structure is aromatic, such as, for example,
benzodioxozolo (which has a heterocyclic structure
fused to a phenyl group, i.e., ' provided that the
point of attachment is through the heteroaryl ring.
Heteroaryl groups can be further substituted and may
be attached at various positions as will be apparent
to those having skill in the organic and medicinal
chemistry arts in conjunction with the disclosure
herein. Representative substituted and unsubstituted
heteroaryl groups include, for example, those found in
the compounds disclosed in this application and in the
examples shown belowPreferred heterocycles and
heteroaryls have 3 to 14 ring atoms and include, for
example: diazapinyl, pyrroyl, pyrrolidinyl, pyrazolyl,
pyrazolidinyl, imidazoyl, imidazolidinyl, pyridyl,
piperidinyl, pyrazinyl, piperazinyl, azetidinyl,
pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl,
isoxazolyl, isoxazolidinyl, morpholinyl, thiazolyl,
thiazolidinyl, isothiazolyl, isothiazolidinyl,
indolyl, quinolinyl, isoquinolinyl, benzimidazolyl,
benzothiazolyl, benzoxazolyl, furyl, thienyl,
triazolyl, quinoxalinyl, phthalazinyl,
naphthpyridinyl, indazolyl, and benzothienyl.
"Heteroarylalkyl" or "heteroaralkyl" refers to an
alkyl group substituted with a heteroaryl group as
defined above. Typically, heteroarylalkyl groups have
from 1 to 6 carbon atoms incorporated within the alkyl
portion of the heteroarylalkyl group. "Imino" refers
to the group =NH. "Nitro" refers to the group NO .
"Sulfonyl" refers herein to the group -SO 2-.
"Alkylsulfonyl" refers to a substituted sulfonyl of
the structure -SO 2R52- in which R52 is C1-C7 alkyl.
Alkylsulfonyl groups employed in compounds of the
present invention are typically alkylsulfonyl groups
having from 1 to 6 carbon atoms in its backbone
structure. Thus, typical alkylsulfonyl groups employed
in compounds of the present invention include, for
example, methylsulfonyl (i.e.,where "R52"is methyl),
ethylsulfonyl (i.e., where R52 is ethyl),
propylsulfonyl (i.e., where R52 is propyl), and the
like. The term "arylsulfonyl" refers herein to the
group -SO 2-aryl. The term "heterocyclylsulfonyl"
refers herein to the group -SO^heterocyclyl. The term
"aralkylsulfonyl" refers herein to the group
-SO2-aralkyl. The term "sulfonamido" refers herein to
-SO 2NH2. The term "sulfonamidoalkyl" refers to
(alkyl)SO2NH2- . "Thio" or "thiol" refers to the group
-SH. "Alkylthio" or "alkylthiol" refers to a thio
group substituted with an alkyl group such as, for
example, a C1-C6 alkyl group. "Thioamido" refers to
the group -C(=S)NH 2. "Optionally substituted" refers
to the optional replacement of hydrogen with a
monovalent or divalent radical. "Substituted" refers
to the replacement of hydrogen with a monovalent or
divalent radical. Unless indicated otherwise, suitable
substitution groups include, for example, hydroxyl,
alkoxy, nitro, amino, imino, cyano, halo, thio,
sulfonyl, thioamido, amidino, oxo, oxamidino,
methoxamidino, guanidino, sulfonamido, carboxyl,
formyl, alkyl, haloalkyl, alkylamino, haloalkylamino,
alkoxy, haloalkoxy, alkoxy-alkyl, alkylcarbonyl,
aminocarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkyl-carbonyl, alkylthio,
aminoalkyl, cyanoalkyl, aryl and the like. Other
suitable substitution groups include those
substituents indicated for substituted alkyl. Examples
of various suitable substitution groups are also found
in reference to the compounds disclosed throughout
this application. The substitution group can itself be
substituted. The group substituted onto the
substitution group can be carboxyl, halo, nitro,
amino, cyano, hydroxyl, alkyl, alkoxy, aminocarbonyl,
-SR42, thioamido, -SO3H, -SO2R42, or cycloalkyl, where
R42 is typically hydrogen, hydroxyl or alkyl. When the
substituted substituent includes a straight chain
group, the substitution can occur either within the
chain (e.g., 2-hydroxypropyl, 2-aminobutyl, and the
like) or at the chain terminus (e.g., 2-hydroxyethyl,
3-cyanopropyl, and the like). Substituted substituents
can be straight chain, branched or cyclic arrangements
of covalently bonded carbon or heteroatoms. Unless
indicated otherwise, the nomenclature of substituents
that are not explicitly defined herein are arrived at
by naming the terminal portion of the functionality
followed bythe adjacent functionality toward the point
of attachment. For example, the substituent
"alkoxyheteroaryl" refers to the group
(alkoxy)-(heteroaryl)-. 



Preferred compounds of the invention have a total
molecular weight less than 1000 Daltons, preferably
less than 750 Daltons. Compounds of the invention
typically have a minimum molecular weight of at least
150 Daltons. Preferred embodiments of the invention
have a molecular weight between 150 and 750 Daltons,
more preferred embodiments have a molecular weight
between 200 and 500 Daltons. Other embodiments of the
invention are compounds with a molecular weight
between 300 and 450 Daltons. In another aspect of the
invention compounds of the invention have a molecular
weight between 350 and 400 Daltons. Similarly, it is
understood that the above definitions are not intended
to include impermissible substitution patterns (e.g.,
methyl substituted with 5 fluoro groups). Such
impermissible substitution patterns are well known to
the skilled artisan. "Carboxy-protecting group" refers
to a carbonyl group which has been esterified with one
of the commonly used carboxylic acid protecting ester
groups employed to block or protect the carboxylic
acid function while reactions involving other
functional sites of the compound are carried out. In
addition, a carboxy protecting group can be attached
to a solid support whereby the compound remains
connected to the solid support as the carboxylate
until cleaved by hydrolytic methods to release the
corresponding free acid. Representative
carboxy-protecting groups include, for example, alkyl
esters, secondary amides and the like. Certain of the
compounds of the invention comprise asymmetrically
substituted carbon atoms. Such asymmetrically
substituted carbon atoms can result in the compounds
of the invention comprising mixtures of stereoisomers
at a particular asymmetrically substituted carbon atom
or a single stereoisomer. As a result, racemic
mixtures, mixtures of enantiomers, as well as
enantiomers of the compounds of the invention are
included in the present invention. The terms "S" and
"R" configuration, as used herein, are as defined by
the IUPAC 1974 "RECOMMENDATIONSFOR SECTION E,
FUNDAMENTAL STEREOCHEMISTRY," PureAppl. Chem. 5:13-30,
1976. The terms a and b are employed for ring
positions of cyclic compounds. The a-side of the
reference plane is that side on which the preferred
substituent lies at the lower numbered position. Those
substituents lying on the opposite side of the
reference plane are assigned b descriptor. It should
be noted that this usagediffers from that for cyclic
stereoparents, in which "a" means "below the plane"
and denotes absolute configuration. The terms a and b
configuration, as used herein, are as defined by the
"Chemical Abstracts Index Guide," Appendix IV,
paragraph 203, 1987. As used herein, the term
"pharmaceutically acceptable salts" refers to the
nontoxic acid or alkaline earth metal salts of the
2-amino-7,8-dihydro-6H-pyrido [4,3-d]pyrimidin-5- one
compounds of the invention. These salts can be
prepared in situ during the final isolation and
purification of the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds, or by separately reacting the base or acid
functions with a suitable organic or inorganic acid or
base, respectively. Representative salts include, but
are not limited to, the following: acetate, adipate,
alginate, citrate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, camphorate,
camphorsulfonate, digluconate, cyclopentanepropionate,
dodecylsulfate, ethanesulfonate, glucoheptanoate,
glycerophosphate, hemi-sulfate, heptanoate, hexanoate,
fumarate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, nicotinate, 2-napthalenesulfonate,
oxalate, pamoate, pectinate, persulfate,
3-phenylproionate, picrate, pivalate, propionate,
succinate, sulfate, tartrate, thiocyanate,
p-toluenesulfonate, and undecanoate. Also, the basic
nitrogen-containing groups can be quaternized with
such agents as alkyl halides, such as methyl, ethyl,
propyl, and butyl chloride, bromides, and iodides;
dialkyl sulfates like dimethyl, diethyl, dibutyl, and
diamyl sulfates, long chain halides such as decyl,
lauryl, myristyl, and stearyl chlorides, bromides and
iodides, aralkyl halides like benzyl and phenethyl
bromides, and others. Water or oil-soluble or
dispersible products are thereby obtained. Examples of
acids that may be employed to form pharmaceutically
acceptable acid addition salts include such inorganic
acids as hydrochloric acid, sulfuric acid and
phosphoric acid and such organic acids as oxalic acid,
maleic acid, methanesulfonic acid, succinic acid and
citric acid. Basic addition salts can be prepared in
situ during the final isolation and purification of
the
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds, or separately by reacting carboxylic acid
moieties with a suitable base such as the hydroxide,
carbonate or bicarbonate of a pharmaceutically
acceptable metal cation or with ammonia, or an organic
primary, secondary or tertiary amine. Pharmaceutically
acceptable salts include, but are not limited to,
cations based on the alkali and alkaline earthmetals,
such as sodium, lithium, potassium, calcium,
magnesium, aluminum salts and the like, as well as
nontoxic ammonium, quaternary ammonium, and amine
cations, including, but not limited to ammonium,
tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine,
ethylamine, and the like. Other representative organic
amines useful for the formation of base addition salts
include diethylamine, ethylenediamirie, ethanolamine,
diethanolamine, piperazine, and the like. The term
"pharmaceutically acceptable prodrugs" as used herein
refers to those prodrugs of the compounds of the
present invention which are, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue
toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and
effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds
of the invention. The term "prodrug" refers to
compounds that are rapidly transformed in vivo to
yield the parent compound of the above formula, for
example by hydrolysis in blood. A thorough discussion
is provided in Higuchi, T., and V. Stella, "Pro-drugs
as Novel Delivery Systems," A.C.S. Symposium Series
14, and in "Bioreversible Carriers in Drug Design," in
Edward B. Roche (ed.), American Pharmaceutical
Association, Pergamon Press, 1987, both of which are
incorporated herein by reference. The term "HSP90
mediated disorder" refers to a disorder that can be
beneficially treated by the inhibition of HSP90. The
term "cellular proliferative diseases" refers to
diseases including, for example, cancer, tumor,
hyperplasia, restenosis, cardiac hypertrophy, immune
disorder and inflammation. : The term "cancer" refers
to cancer diseases that can be beneficially treated by
the inhibition of HSP90, including, for example, lung
and bronchus; prostate; breast; pancreas; colon and
rectum; thyroid; stomach; liver and intrahepatic bile
duct; kidney and renal pelvis; urinary bladder;
uterine corpus; uterine cervix; ovary; multiple
myeloma; esophagus; acute myelogenous leukemia;
chronic myelognous leukemia; lymphocytic leukemia;
myeloid leukemia; brain; oral cavity and pharynx;
larynx; small intestine; non-hodgkin lymphoma;
melanoma; and villous colon adenoma. The compounds of
the invention are useful in vitro or in vivo in
inhibiting thegrowth of cancer cells. The compounds
may be used alone or in compositions together with a
pharmaceutically acceptable carrier or excipient.
Suitable pharmaceutically acceptable carriers or
excipients include, for example, processing agents and
drug delivery modifiers and enhancers, such as, for
example, calcium phosphate, magnesium stearate, talc,
. monosaccharides, disaccharides, starch, gelatin,
cellulose, methyl cellulose, sodium carboxymethyl
cellulose, dextrose, hydroxypropyl- b-cyclodextrin,
polyvinyl-pyrrolidinone, low melting waxes, ion
exchange resins, and the like, as well as combinations
of any two or more thereof. Other suitable
pharmaceutically acceptable excipients are described
in "Remington's Pharmaceutical Sciences," Mack Pub.
Co., New Jersey, 1991, incorporated herein by
reference. Effective amounts of the compounds of the
invention generally include any amount sufficient to
detectably inhibit HSP90 activity by any of the assays
described herein, by other HSP90 activity assays known
to those having ordinary skill in the art, or by
detecting an inhibition or alleviation of symptoms of
cancer. The amount of active ingredient that may be
combined with the carrier materials to produce a
single dosage form will vary depending upon the host
treated and the particular mode of administration. It
will be understood, however, that the specific dose
level for any particular patient will depend upon a
variety of factors including the activity of the
specific compound employed, the age, body weight,
general health, sex, diet, time of administration,
route of administration, rate of excretion, drug
combination, and the severity of the particular
disease undergoing therapy. The therapeutically
effective amount for a given situation can be readily
determined by routine experimentation and is within
the skill and judgment of the ordinary clinician. For
purposes of the present invention, a therapeutically
effective dose will generally be a total daily dose
administered to a host in single or divided doses may
be in amounts, for example, of from 0.001 to 1000
mg/kg body weight daily and more preferred from 1.0 to
30 mg/kg body weight daily. Dosage unit compositions
may contain such amounts of submultiples thereof to
make up the daily dose. The compounds of the present
invention may be administered orally, parenterally,
sublingually, by aerosolization or inhalation spray,
rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutically
acceptable carriers,adjuvants, and vehicles as
desired. Topical administration may also involve the
use of transdermal administration such as transdermal
patches or ionophoresis devices. The term parenteral
as used herein includes subcutaneous injections,
intravenous, intramuscular, intrasternal injection, or
infusion techniques. Injectable preparations, for
example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to.the known
art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or
suspension in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in
1,3-propanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including
synthetic mono- or di-glycerides. In addition, fatty
acids such as oleic acid find use in the preparation
of injectables. Suppositories for rectal
administration of the drug can be prepared by mixing
the drug with a suitable nonirritating excipient such
as cocoa butter and polyethylene glycols, which are
solid at ordinary temperatures but liquid at the
rectal temperature and will therefore melt in the
rectum and release the drug. Solid dosage forms for
oral administration may include capsules, tablets,
pills, powders, and granules. In such solid dosage
forms, the active compound may be admixed with at
least one inert diluent such as sucrose lactose or
starch. Such dosage forms may also comprise, as is
normal practice, additional substances other than
inert diluents, e.g., lubricating agents such as
magnesium stearate. In the case of capsules, tablets,
and pills, the dosage forms may also comprise
buffering agents. Tablets and pills can additionally
be prepared with enteric coatings. Liquid dosage forms
for oral administration may include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups,
and elixirs containing inert diluents commonly used in
the art, such as water. Such compositions may also
comprise adjuvants, such as wetting agents,
emulsifying and suspending agents, cyclodextrins, and
sweetening, flavoring, and perfuming agents. The
compounds of the present invention can also be
administered in the form ofliposomes. As is known in
the art, liposomes are generally derived from
phospholipids or other lipid substances. Liposomes are
formed by mono- or multi-lamellar hydrated liquid
crystals that are dispersed in an aqueous medium. Any
non-toxic, physiologically acceptable and
metabolizable lipid capable of forming liposomes can
be used. The present compositions in liposome form can
contain, in addition to a compound of the present
invention, stabilizers, preservatives, excipients, and
the like. The preferred lipids are the phospholipids
and phosphatidyl cholines (lecithins), both natural
and synthetic. Methods to form liposomes are known in
the art. See, for example, Prescott (ed.), "Methods in
Cell Biology," Volume XIV, Academic Press, New York,
1976, p. 33 etseq. While the compounds of the
invention can be administered as the sole active
pharmaceutical agent, they can also be used in
combination with one or more other agents used in the
treatment of cancer. Representative agents useful in
combination with the compounds of the invention for
the treatment of cancer include, for example,
irinotecan, topotecan, gemcitabine, gefitinib,
vatalanib, sunitinib, sorafenib, erlotinib,
dexrazoxane, gleevec, herceptin, 5-fluorouracil,
leucovorin, carboplatin, cisplatin, taxanes,
tezacitabine, cyclophosphamide, vinca alkaloids,
imatinib, anthracyclines, rituximab, trastuzumab,
topoisomerase I inhibitors, as well as other cancer
chemotherapeutic agents. The above compounds to be
employed in combination with the compounds of the
invention will be used in therapeutic amounts as
indicated in the Physicians' Desk Reference (PDR) 47th
Edition ( 1993), which is incorporated herein by
reference, or such 



therapeutically useful amounts as would be known to
one of ordinary skill in the art. The compounds of the
invention and the other anticancer agents can be
administered at the recommended maximum clinical
dosage or at lower doses. Dosage levels of the active
compounds in the compositions of the invention may be
varied so as to obtain a desired therapeutic response
depending on the route of administration, severity of
the disease and the response of the patient. The
combination can be administered as separate
compositions or as a single dosage form containing
both agents. When administered as a combination, the
therapeutic agents can be formulated as separate
compositions, which are given at the same time or
different times, or the therapeutic agents, can be
given as a single composition. Antiestrogens, such as
tamoxifen, inhibit breast cancer growth through
induction ofcell cycle arrest, that requires the
action of the cell cycle inhibitor p27Kip. Recently,
it has been shown that activation of the Ras-Raf-MAP
Kinase pathway alters the phosphorylation status of
p27Kip such that its inhibitory activity in arresting
the cell cycle is attenuated, thereby contributing to
antiestrogen resistance (Donovan, et al, J Biol. Chem.
27(5:40888, 2001). As reported by Donovan et al.,
inhibition of MAPK signaling through treatment with
MEK inhibitor changed the phosphorylation status of
p27 in hormone refactory breast cancer cell lines and
in so doing restored hormone sensitivity. Accordingly,
in one aspect, the compounds of formula (I)5 (Ia),
(II), (Ha) (III), (Ilia), (IV), (IVa), (V), or (Va)
may be used in the treatment of hormone dependent
cancers, such as breast and prostate cancers, to
reverse hormone resistance commonly seen in these
cancers with conventional anticancer agents. In
hematological cancers, such as chronic myelogenous
leukemia (CML), chromosomal translocation is
responsible for the constitutively activated BCR-ABL
tyrosine kinase. The afflicted patients are responsive
to gleevec, a small molecule tyrosine kinase
inhibitor, as a result of inhibition of AbI kinase
activity. However, many patients with advanced stage
disease respond to gleevec initially, but then relapse
later due to resistance-conferring mutations in the
AbI kinase domain. In vitro studies have demonstrated
that BCR-AvI employs the Raf kinase pathway to elicit
its effects. In addition, inhibiting more than one
kinase in the same pathway provides additional
protection against resistance-conferring mutations.
Accordingly, in another aspect of the invention, the
compounds of formula (I), (Ia), (II), (Ha), (III),
(Ilia), (IV), (IVa), (V), or (Va) are used in
combination with at least one additional agent, such
as gleevec, in the treatment of hematological cancers,
such as chronic myelogenous leukemia (CML), to reverse
or prevent resistance to the at least one additional
agent. In another aspect of the invention, kits that
include one or more compounds of the invention are
provided. Representative kits include a
2-amino-7,8-dihydro-6H-pyrido[4,3- d]pyrimidin-5-one
compound of the invention (e.g., a compound of formula
(I), (Ia), (II), (Ha), (III), (Ilia), (IV), (IVa),
(V), or (Va)) and a package insert or other labeling
including directions for treating a cellular
proliferative disease by administering an HSP90
inhibitory amount of the compound. The synthesis of
representative
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds are described in Examples 1-8.
Representative 2-amino-7,8~dihydro-6Hpyrido[
4,3-d]pyrimidin-5-one compounds that were prepared are
shown in Tables 1-5 in Example 9. In one aspect,
certain compounds of the invention having a
substituted 7-phenyl moiety can be prepared as shown
in Scheme 1. Benzyl amine 1-C, prepared from chiral
amine 1-A by reductive amination, and cinnamate 1-D,
prepared from a Wadsworth Emmons homologation of
aldehyde 1-B, are coupled to give the conjugate
addition product 1-E (Steven D. Bull, Stephen G.
Davies, Santiago Delgado-Ballester, Peter M. Kelly,
Luke J. Kotchie, Massimo Gianotti, Mario Laderas and
Andrew D. Smith, J. Chem. Soc, Perkin Trans. 1, 2001,
(23), 3112). Removal of the benzyl group is
accomplished using 1.1 eq. of cerric ammonium nitrate
in acetonitrile and water. Resulting amine 1-F is
acylated with methyl malonyl chloride 1-G to give
compound 1-H. Cyclization is effected via a Dieckmann
condensation upon treatment with base such as sodium
ethoxide. The resulting lactam is then treated with
acid such as HCl to effect decarboxylation and afford
compound 1-1. O-acylation with acetyl chloride and
treatment with catalytic dimethylaminopyridine in
boiling solvent such as acetonitrile or toluene to
effect migration of the acetate group gives compound
I-J. Pyrimidine I-K is formed by treating I-J with
guanidine/EtOH and dimethylamine. The
ara-methoxybenzyl group can be removed at this stage
(or after the Suzuki coupling) with cerric ammonium
nitrate or trifluoroacetic acid. The phenyl ring of
I-K can optionally be functionalized via a Suzuki
coupling with a suitable boronic acid to give the
biaryl compound I-L. Subsequent deprotection of the
-methoxybenzyl group gives amine I-M.Scheme 1. In
another aspect, certain compounds of the invention can
be prepared as shown in Scheme 2. Condensation of an
appropriate amine such as methyl amine with oxalic
acid and a desired aldehyde such as 2-A in refluxing
ethanol results in formation of acid 2-B, that is next
converted to the corresponding ester 2-C under
esterification conditions such as with thionyl
chloride in an appropriate alcoholic solvent at O0C.
Formation of acetoamide 2-E is accomplished by
treatment of the 2-C ester with diketene 2-D.
Subsequent cyclization of 2-D in the presence of base
such as sodium methoxide and with microwave heating
produces lactam 2-F. Aminopyridine formation is
accomplished in two steps, the first being formation
of an intermediate enamine by heating the lactam in an
ethanolic solution of pyrrolidine under microwave
conditions and secondly, addition of guanidine- HCl to
this solution followed by additional microwave
heating. Isolation of the aminopyrimidine 2-G by
reverse phase HPLC followed by coupling with an
appropriatearylboronic acid under Suzuki conditions
and microwave heating gives the biaryl compound 2-H.
Scheme 2. Scheme 3 shows another means for
synthesizing certain compounds of the invention.
Reductive animation of p-anisole 3-A with
(S)-l-(4-methoxyphenyl)ethanamine 3-B and sodium
borohydride over molecular sieves gives amine 3-C.
Subsequent formation of the amine anion such as by
reacting 3-C with n-butyl lithium and treatment with
the appropriate cinnamate ester 3-D gives the
conjugate addition product 3-E. Deprotection with
trifluoroacetic acid gives amine 3-F that can be
converted to 3-1 following the steps shown in the
Scheme 2 and described above.Scheme 3. 3-A 3-C 3-H 3-1
In one embodiment, provided is a method of preparing a
compound of formula (I), comprising (a) reacting a
compound of formula (I) with an acid to form an acid
addition salt; or (b) reacting an acid addition salt
of formula (I) to form a free base compound of formula
(I); or (c) reacting an intermediate compound of
formula (VI) with guanidine or a guanidine derivative
(VI) wherein Ra, R, and Rb are as defined for formula
(I) and W is O or NR1R" where R'and R" are
independently H or alkyl to form a compound of formula
(I). In one embodiment, provided is an intermediate
compound of formula (VI). In one aspect, Ra is methyl.
In another aspect, the intermediate compound of
formula (VI) is a compound of formula (VII) (VII)
wherein R is as defined for formula (VI); R5 is
hydrogen or halo; and R6a is selected from the group
consisting of halo, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. In some
embodiments of the compounds of formula (VI) or (VII),
R is selected from the group consisting of hydrogen,
unsubstituted alkyl, and substituted alkyl. In some
such embodiments, R is selected from the group
consisting of methyl, ethyl, allyl, 3-methylbutyl, and
isobutyl. In other embodiments, R is selected from the
group consisting of hydrogen, benzyl,
l-(4-methoxyphenyl)ethyl, methyl, 3-aminopropyl, and
2-methyl-2- morpholinopropyl. In still other
embodiment, R is hydrogen. In some embodiments, R5 is
halo. In some aspects R5 is fluoro. In other
embodiments R5 is hydrogen. In some embodiments, R6a
is halo. In some aspects R6a is bromo. In some
embodiments R5 and R6a are both halo. In other
embodiments R5 is fluoro and R6a is bromo.In some
embodiments R6a is selected from the group consisting
of substituted aryl and substituted heteroaryl wherein
said aryl and heteroaryl is selected from the group
consisting of furanyl, pyrrolyl, phenyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, pyrazolyl,
imidazolyl, triazolyl, indolyl, oxadiazole,
thiadiazole, quinolinyl, isoquinolinyl, isoxazolyl,
oxazolyl, thiazolyl, and thienyl. In some embodiments,
R6a is selected from the group consisting of
(2-hydroxyethylamino)- pyrazin-2-yl, lH-pyrazol-4-yl,
1-methyl-lH-pyrazol-4-yl, 1-methyl-lHpyrazol- 4-yl,
2-(5-methyl-pyridin-2-yl)-phenyl, 2,3-difluoro-phenyl,
2,3-dimethoxy-phenyl, 2,4-difluoro-phenyl,
2,4-dimethoxy-phenyl, 2,4-dimethoxy-pyrimidin-5-yl,
2,5-difluorophenyl, 2,6-difluoro-phenyl,
2,6-dimethyl-pyridin-3-yl, 2-acetamidophenyl, 2-
aminocarbonylphenyl, 2-amino-pyrimidin-5-yl,
2-chloro-4-methoxy-pyrimidin-5-yl, 2-
chloro-5-fluoro-pyridin-3-yl, 2-chloro-phenyl,
2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-yl,
2-difluoro-3-methoxyphenyl, 2-ethyl-phenyl,
2-ethoxy-thiazol-4-yl, 2-fluoro-3-methoxyphenyl,
2-fluoro-3-methylphenyl, 2-fluoro-4-methyl-phenyl,
2-fluoro-5-methoxy-phenyl, 2- fluoro-5-methylphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl,
2-hydroxymethyl-3- methoxyphenyl,
2-hydroxymethylphenyl, 2-isoquinolin-4-yl,
2-methoxy-5-trifluoromethylphenyl, 2-methoxy-phenyl,
2-methoxy-pyridin-3-yl, 2-methoxy-pyrimidin-4-yl,
2-methoxythiazol- 4-yl, 2-methyl-phenyl,
2-methyl-pyridin-3-yl, 2-oxo-l,2-dihydro-pyridin-3-yl,
2- phenoxyphenyl, 2-pyridin-3-yl, 2-pyrimidin-5-yl,
2-trifluoromethoxyphenyl, 2- trifluoromethoxy-phenyl,
3,4-dimethoxy-phenyl, 3,5-dimethyl-isoxazol-4-yl,
3,6-dimethylpyrazin- 2-yl, 3-acetamidophenyl,
3-aminocarbonylphenyl, 3-bromo-phenyl,
3-chloropyrazin- 2-yl, 3-cyanophenyl,
3-dimethylaminophenyl, 3-ethoxy-phenyl,
3-ethyl-4-methylphenyl, 3-ethynyl-phenyl,
3-fluoro-6-methoxy-pyridin-2-yl, 3-fluorophenyl,
3-fluoropyrazin- 2-yl, 3-methanesulfonamidophenyl,
3-methoxycarbonylphenyl, 3-methoxyphenyl,
3-methoxy-pyrazin-2-yl,
3-methyl-3H-imidazo[4,5-b]pyrazin-5-yl,
3-methylphenyl, 3- methyl-pyridin-2-yl,
3-trifluoromethoxyphenyl, 3-trifluoromethylphenyl,
4,5-dimethoxypyrimidin- 2-yl,
4-amino-5-fluoro-pyrimidin-2-yl,
4-chloro-2,5-dimethoxy-phenyl, 4-chloro-
2-fluoro-phenyl, 4-chloro-2-methoxy-5-methyl-phenyl,
4-chloro-pyridin-3-yl, 4-difluoro-2- methyl-phenyl,
4-ethoxy-5-fluoro-pyrimidin-2-yl,
4-ethoxy-pyrimidin-2-yl, 4-ethoxypyrimidin- 5-yl,
4-ethyl-lH-pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl,
4-fluoro-2-methylphenyl, 4-fluorophenyl,
4-methoxy-5-methyl-pyrimidin-2-yl,
4-methoxy-pyridin-3-yl, 4- methoxy-pyrimidin-2-yl,
4-methoxy-pyrimidin-5-yl, 4-methyl-phenyl,
4-methyl-pyridin-2-yl, 4-methyl-pyridin-3-yl,
4-pyrrolidin-l-yl-pyrimidin-2-yl,
5,6-dimethoxy-pyrazin-2-yl, 5- acetyl-thiophen-2-yl,
5-amino-6-ethoxy-pyrazin-2-yl,
5-amino-6-methoxy-3-methylpyrazin- 2-yl,
5-amino-6-methoxy-pyridin-2-yl,
5-chloro-4-methoxy-pyrimidin-2-yl, 5-
chloro-6-methoxy-pyrazin-2-yl,
5-dimethylamino-6-methoxy-pyrazin-2-yl, 5-fluoro-2-
methoxyphenyl, 5-fluoro-4-methoxy-pyrimidin-2-yl,
5-fluoro-6-methoxy-pyrazin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methoxy-pyridin-3-yl,
5-methoxy-thiophen-2-yl, 5-trifluoromethylpyrimidin-
2-yl, 6-acetyl-pyridin-2-yl, 6-chloro-pyrazin-2-yl,
6-ethoxy-pyrazin-2-yl, 6- ethoxy-pyridin-2-yl,
6-fluoro-pyridin-2-yl, 6-fluoro-pyridin-3-yl,
6-hydroxy-pyridin-2-yl, 6-
methoxy-5-methylamino-pyrazin-2-yl,
6-methoxy-5-methyl-pyrazin-2-yl, 6-methoxypyrazin-
2-yl, 6-methoxy-pyridin-2-yl, 6-methoxy-pyridin-3-yl,
6-methylamino-pyrazin-2- yl, 6-methyl-pyridin-2-yl,
5-amino-6-(232,2-trifluoroethoxy)pyrazin-2-yl, and 6-
trifluoromethyl-pyridin-2-yl. In another embodiment
the guanidine derivative is acetyl guanidine. In
another embodiment, provided is a use of compound of
formula (VI) or (VII) for the manufacture of a
compound of formula (I). The present invention will be
understood more readily by reference to the following
examples, which are provided by way of illustration
and are not intended to be limiting of the present
invention. EXAMPLES Referring to the examples that
follow, compounds of the present invention were
synthesized using the methods described herein, or
other methods, which are well known in the art. The
compounds and/or intermediates were characterized by
high performance liquid 



chromatography (HPLC) using a Waters Millenium
chromatography system with a 2690 Separation Module
(Milford, MA). The analytical columns were Alltima C-1
8 reversed phase, 4.6 x 250 mm from Alltech
(Deerfield, IL). A gradient elution was used,
typically starting with 5% acetonitrile/95% water and
progressing to 100% acetonitrile over a period of 40
minutes. All solvents contained 0.1% trifluoroacetic
acid (TFA). Compounds were detected by ultraviolet
light (UV) absorption at either 220 or 254 nm. HPLC
solvents were from Burdick and Jackson (Muskegan, MI),
or Fisher Scientific(Pittsburgh, PA). In some
instances, purity was assessed by thin layer
chromatography (TLC) using glass or plastic backed
silica gel plates, such as, for example, Baker-Flex
Silica Gel 1B2-F flexible sheets. TLC results were
readily detected visually under ultraviolet light, or
by employing well known iodine vapor and other various
staining techniques. Mass spectrometric analysis was
performed on one of two LC/MS instruments: a Waters
System (Alliance HT HPLC and a Micromass ZQ mass
spectrometer; Column: Eclipse XDB-C18, 2.1 x 50 mm;
solvent system: 5-95% (or 35-95%, or 65-95% or 95-95%)
acetonitrile in water with 0.05%TFA; flow rate 0.8
mL/min; molecular weight range 500-1500; cone Voltage
20 V; column temperature 4O0C) or a Hewlett Packard
System (Series 1100 HPLC; Column: Eclipse XDB-C18, 2.1
x 50 mm; solvent system: 1-95% acetonitrile in water
with 0.05%TFA; flow rate 0.4 mL/min; molecular weight
range 150-850; cone Voltage 50 V; column temperature
300C). All masses were reported as those of the
protonated parent ions. GCMS analysis is performed on
a Hewlett Packard instrument (HP6890 Series gas
chromatograph with a Mass Selective Detector 5973;
injector volume: 1 mL; initial column temperature: 50
0C; final column temperature: 250 C; ramp time: 20
minutes; gas flow rate: 1 mL/min; column: 5% phenyl
methyl siloxane, Model No. HP 190915-443, dimensions:
30.0 m x 25 m x 0.25 m). Nuclear magnetic resonance
(NMR) analysis was performed on some of the compounds
with a Varian 300 MHz NMR (Palo Alto, CA). The
spectral reference was either TMS or the known
chemical shift of the solvent. Some compound samples
were run at elevated temperatures (e.g., 750C) to
promote increased sample solubility. The purity of
some of the invention compounds is assessed by
elemental analysis (Desert Analytics, Tucson, AZ)
Melting points are determined on a Laboratory Devices
Mel-Temp apparatus (Holliston, MA). Preparative
separations were carried out using a Flash 40
chromatography system and KP-SiI, 6OA (Biotage,
Charlottesville, VA), or by flash column
chromatography using silica gel (230-400 mesh) packing
material, or by HPLC using a C-18 reversed phase
column. Typical solvents employed for the Flash 40
Biotage system and flash columnchromatography were
dichloromethane, methanol, ethyl acetate, hexane,
acetone, aqueous hydroxyamine, and triethyl amine.
Typical solvents employed for the reverse phase HPLC
were varying concentrations of acetonitrile and water
with 0.1% trifluoroacetic acid. The following are
abbreviations used in the examples: aq.: Aqueous Boc:
tert-Butoxycarbonyl BSA: bovine serum albumin Celite
Diatomaceous earth DCM: Dichloromethane eq.:
equivalent Et3N: Triethylamine EtOAc: Ethyl acetate GC
Gas Chromatography h : hour HPLC: High performance
liquid chromatography IC50 value: The concentration of
an inhibitor that causes a 50% reduction in a measured
activity. L: liter LC/MS: Liquid chromatography/mass
spectrometry LRMS: Low resolution mass spectrometry
MeOH: Methanol min: minute mL: milliliter mm:
millimeter mM: millimolar mmol: millimole nm:
Nanometer NMP: N-Methylpyrrolidone RP-HPLC:
Reversed-phase high-performance liquid chromatography
rt room temperature sat: Saturated THF:
TetrahydrofuranTMS: Trimethylsilane TLC: Thin layer
chromatography TRF: Time resolved fluorescence.
Nomenclature for the compounds disclosed in this
application was provided using ACD Name version 5.07
software (November 14, 2001) or ACD Name Batch version
5.04 (May 28, 2002) available from Advanced Chemistry
Development, Inc., or by using AutoNom 2000 (Automatic
Nomenclature) for ISIS/Base, implementing IUPAC
standardized nomenclature. Other compounds,
intermediates, and starting materials were named using
standard IUPAC nomenclature. It should be understood
that the organic compounds according to the invention
may exhibit the phenomenon of tautomerism. As the
chemical structures within this specification can only
represent one of the possible tautomeric forms, it
should be understood that the invention encompasses
any tautomeric form of the drawn structure. It is
understood that the invention is not limited to the
embodiments set forth herein for illustration, but
embraces all such forms thereof as come within the
scope of the above disclosure. The following examples
illustrate methods for making representative compounds
of the invention. Example 1 Representative Procedures
for Compounds of the Invention Step A: a,b-Unsaturated
Ester n-Butyllithium (84 mmol) was added dropwise to a
stirred solution of triethylphosphono acetate (88
mmol) in dry THF (176 mL) at -78 C under N2. The
solution was left to stir for 30 min. keeping inner
temperature below -70 C. The phosphonate solution was
transferred via cannula to a solution of
2-bromo-4-fluorobenzaldehyde 1-1 (80 mmol) in THF (160
mL) at -78 C under N2. The resulting solution was
warmed to room temperature over 2 h. The reaction
mixture was quenched by adding aqueous NH4Cl and then
extracted with EtOAc (x3). The organics were combined,
washed with H O (x3), sat. brine (x3), then dried
(Na2SO4), filtered, and evaporated under reduced
pressure to give pale yellow oil. White crystals
formed after cooling in refrigerator. The crystals
were filtered and washed with methanol to provide the
pure compound 1-2. The mother liquor was concentrated,
cooled and filtered. This process was repeated until
most of the theoretical yield of -ethyl
3-(2-bromo-4-fluororhenyl)acrylate was collected as a
white crystals. Step B: Conjugate Addition of
Asymmetric Amine to a,b-Unsaturated Ester To a stirred
solution of
(<S)-N-benzyl-l-(4-methoxyphenyl)ethanamine 1-3
(58mmol) in dry THF (116 mL) was added compound 1-2.
The reaction was cooled to -78 0C, and nbutyl lithium
(56.2 mmol) was added dropwise at -78 C under N2.
After addition, the reaction mixture was stirred at
-78 C for 40 min. Then the reaction mixture was
partitioned between aqueous NH4Cl, and EtOAc,
extracted with EtOAc (x3), the organics separated,
then washed with H2O (x3), sat. brine (x3), then dried
(Na2SO4), filtered, and evaporated under reduced
pressure to give crude oil, which was then purified on
silica gel column (hexane/EtOAc) to provide compound
1-4. Step C: CAN (Ceric Ammonium Nitrate)
DeprotectionThe starting material 1-4 (81.78 mmol) was
dissolved in acetonitrile:water (5:1, 1.6 L). While
stirring CAN (490.68 mmol) compound 1-4 was added in
three separate portions stirring for 1 h between each
addition. The reaction was then allowed to stir
overnight at room-temperature. Next, the acetonitrile
was removed under vacuum, and the remaining aqueous
layer was extracted (4 x 400 mL) with EtOAc. The EtOAc
layers were combined, dried over sodium sulfate,
filtered, and concentrated to yield the crude product
compound 1-5. The crude product was purified using a
flash column (5% MeOH in DCM). Step D: Acylation To a
stirred solution of free amine 1-5 (5.27 mmol) in DCM
(26 mL) was added triethyl amine (21 .08 mmol) and
diketene (6.33 mmol) at room temperature. The reaction
was stirred until judged complete by LCMS. Then the
mixture was partitioned between DCM and aqueous
NaHCO3, extracted with DCM (x3), the organic layers
were combined, then washed with H2O (x3), sat. brine
(x3), then dried (Na2SO4), filtered, and evaporated
under reduced pressure to give crude oil, which was
then purified on silica gel column (hexane/EtOAc) to
provide compound 1-6. Step E: Cyclization To the
reaction vial containing compound 1-6 (1.1 mmol) in
methanol (5 mL) was added 25% NaOMe in MeOH (0.5 mL).
The reaction mixture was heated in the microwave at
144 0C for 5 min. After cooling to room temperature,
the reaction mixture was diluted with aqueous
ammoinium choride, washed with DCM (x3), then washed
with H2O (x3), sat. brine (x3), then dried (Na SO4),
filtered, and evaporated under reduced pressure to
give crude product, piperidine-dione 1-7, which was
used directly in the next step.Step F:
Amino-Pyrimidine-Lactam To the mixture of
piperidindione 1-7 (0.915 mmol) and guanidine HCl
(4.573 mmol) in ethanol (9 mL) was added pyrrolidine
(18.3 mmol). The reaction mixture was treated in
microwave (PowerMAX setting) at 160 0C for 10 min.
After cooling to room temperature, the reaction
mixture was extracted with DCM (x3), then washed with
H2O (x3), sat. brine (x3), then dried (Na2SO4),
filtered, and evaporated under reduced pressure to
give crude product 1-8, which was then purified on
silica gel column (EtOAc). Step G: Suzuki Coupling To
the mixture of amino-pyrimidine-lactam 1-8 ( 1 eq.),
boronic acid or ester (4 eq.) in DMA was added
Pd(dppf)2Cl2 (0.4 eq.) and 2 M K CO3 (8 eq). The
reaction mixture was treated in microwave at 120 0C
for 15 min. After cooling down to room temperature the
reaction mixture was diluted with DCM (x3), washed
with H2O (x3), sat. brine (x3), then dried (Na2SO4),
filtered, and evaporated under reduced pressure to
give crude product, which was then purified
reverse-phase prep HPLC to give the pure HSP90
inhibitor. Example 2 Synthesis of Representative
N-Alkylated Compounds of the Invention Step A:
Reductive AminationTo a stirred solution of free amine
1-5 ( 1 eq.), aldehyde 2-1 ( 1 eq.) in DCM was added
sodium triacetoxyborohydride (1.1 eq.) at room
temperature. The reaction was stirred at room
temperature until judged complete by LCMS. Then the
mixture was partitioned between DCM and aqueous
NaHCO3, extracted with DCM (x3) and the organics
combined, then washed with H2O (x 3), sat. brine (x
3), then dried (Na2SO4), filtered, and evaporated
under reduced pressure to give crude product, compound
2-2, which was used directly for the next reaction.
Steps B -E: Acylation, Cyclization,
Amino-Pyrimidine-Lactam Formation, Suzuki Coupling
Step B to Step E were the same as Step E to Step G in
Example 1. Step F: DeprotectionTo the solution of
Boc-protected N-alkylated lactam in DCM was treated
with 50% TFA. The reaction mixture was stirred at room
temperature. After completion, the reaction mixture
was concentrated and purified on reverse phase prep
HPLC to give the pure compound. Other alkylated amine
compounds of the invention were prepared in a similar
manner. EXAMPLE 3 A mixture of sodium methoxide (25%
by wt in methanol, 0.193 mol), methyl acetate (0.0644
mole) and 100 mL anhydrous methanol was stirred at
room temperature under nitrogen for one hour. Then,
neat amide 1-6 (24.1 g, 0.0644 mol) was added. The
reaction was refluxed under nitrogen for one hour and
then solvent were distilled out gradually until the
internal temperature reached 85 C. The reaction was
monitored with HPLC until 1-6 was completely consumed.
Reaction was cooled to room temperature and remaining 



solvent was removed under reduced pressure. The
residue was dissolved in 100 mL water and then cooled
to 5 0C in an ice/water bath. To this solution was
then added IN HCl until pH=l, during which the
internal temperature was maintained below 10 C. The
mixture was stirred until a smooth suspension formed
and then was filtered. The collected solids were
washed with water (10OmL x 3) and air-dried overnight
to give 20.7 g of lactam 1-7 as a slightly yellowish
solid with a yield of 98.1% and purity of 98.3% (HPLC
area ratio).EXAMPLE 4 Step 1: A 500 niL round-bottom
flask was charged with dry THF (50 mL), titanium
ethoxide (41 mL), (S)-(-)-ter t-butanesulfinamide
(Advanced Asymmetries, 12.0 g, 99.1 mmol, 1.1 equiv),
and 2-bromo-4-fluorobenzaldehyde 4.1 (Matrix
Scientific, cat. # 011279, 18.2 g, 90. 1 mmol, 1.0
equiv). The resulting reaction mixture was stirred
under N2 at rt for 4 h. Upon reaction completion as
monitored by LCMS, the reaction mixture was diluted
with EtOAc (360 mL), and a mixture of brine (200 mL)
with celite was added with vigorous stirring. The
resulting emulsion was filtered through a pad of
celite and washed with EtOAc (200 mL). The filtrate
was transferred to a seperatory funnel, and the
aqueous layer removed. The organics were washed with
brine (200 mL), then dried (Na2SO4) and concentrated
in vacuo to afford 4.2 as a yellowish oil that may
solidify upon standing (26.5 g, 86.3 mmol, 96%). 1H
NMR (300 MHz, CD3Cl) d 8.86 (s, IH), 8.03 (m, IH),
7.35 (m, IH), 7.1 1 (m, IH), 1.1 1 (s, 9H) LCMS m/z
307.9 (MH+), tR =3.22 min. Step 2 : A three-necked 100
mL round-bottom flask, reflux condensor, and addition
funnel were oven-dried overnight. Upon removal from
the oven, they were assembled and put under positive
N2 pressure and cooled to room temperature. The flask
was charged with Zn dust (21 .3 g, 326.0 mmol, 15.0
equiv), CuCl (32.6 g, 32.6.mmol, 1.5 equiv), and dry
THF (60 mL). The resulting reaction mixture was heated
to reflux temperature (bath temperature approximately
90 C) and stirred vigorously with an overhead stirrer
for 30 min. Thereaction was removed from the oil bath
(maintaining vigorous stirring) and the addition
funnel was then charged with ethylbromoacetate (3.6
mL, 32.6 mmol, 1.5 equiv) and dry THF (30 mL).
Addition of the ethylbromoacetate should be done at a
rate to maintain gentle refluxing of the reaction
mixture. Once addition is complete, the reaction
mixture was stirred for an additional 20 min, then
heated to 50 C for 30 min. The reaction mixture was
then cooled to 0 C, and the addition funnel charged
with 4.2 (6.60 g, 21.5 mmol, 1.0 equiv) and dry THF
(20 mL). This solution was then added dropwise to the
reaction mixture, which was stirred an additional 4
hours at 0 C. Once the reaction has gone to completion
as judged by LCMS, the reaction mixture was filtered
through a pad of celite, washing the Zn and the filter
pad with Et2O (2x100 mL). The filtrate was washed with
0.25 M citric acid (200 mL), sat. NaHCO3(aq) (2x200
mL), dried (Na2SO4), and concentrated in vacuo to
afford 4.3 (7.30 g, 18.4 mmol, 86%) as a clear oil. :
1H NMR (300 MHz, CD3Cl) d 7.39 (m, IH), 7.28 (m, IH),
7.01 (m, IH), 5.14 (m, IH), 4.92 (d, J = 5.4, 2H), 4.1
(m, 2H), 2.90 (ddd, J1 =, J2 =, J3 = , 2H), 1.22 (m,
3H, 9H). LCMS m/z 396.0 (MH+), tR = 2.96 min. HPLC
(frac_10min_2070%B), tR =4.108 (major diastereomer),
tR =3.962 (Claisen condensation byproduct) tR = 3.888
(minor diastereomer), 95.5:2.1:2.1. de =96%. Step 3: A
500 mL round-bottom flask was charged with 4.3 (7.30
g, 18.4 mmol, 1.0 equiv), Et2O (37 mL), EtOH (1.2 mL,
1.1 equiv) and 4M HCl in Et2O (37 mL, 2.0 equiv). The
reaction mixture was stirred at room temperature for
30 minutes. The resulting suspension was filtered and
the solids triturated with Et2O (3x 40 mL) and hexanes
(2x 40 mL). The solid was dried under vacuum to afford
4.4 as a white solid (5.23 g, 15.2 mmol, 83%). 1H NMR
(300 MHz, CD3OD) d 7.61 (m, 2H), 7.33 (m, IH), 5.18
(m, IH), 4.85 (bs, 3H), 4.13 (q, J = 7.2, 2H), 3.15
(ddd, 2H), 1.22 (t, J = 7.5, 3H) LCMS m/z 292.0 (MH+),
tR = 1.97 min. To free base the HCL salt, 4.4 (50 mg)
was dissolved in EtOAc (20 mL) and washed with 10%
Na2CO3 (3x 20 mL). The organics were dried (Na2SO4)
and concentrated in vacuo to afford the free base. A
racemic mixture of the final b-amino ester product was
prepared and analyzed by chiral HPLC to confirm
separation of the enantiomers (Chiralpak AD column,
lmL/min, S, tR = 5.84; R, tR =7.47 min)EXAMPLE S 5.3
5.4 Step l : A 250 mL round-bottom flask was charged
with dry THF (54 mL), titanium ethoxide (18.25 g,
3equiv), (S)-(-)- r -butanesulfinamide (4.85 g, 1.5
equiv), and 5- bromothiazole-4-carbaldehyde 5.1 (5.12
g, 1.0 equiv). The resulting reaction mixture was
stirred under N2 at rt. Upon reaction completion as
monitored by LCMS, the reaction mixture was diluted
with EtOAc (360 mL), and a mixture of brine (200 mL)
with celite was added with vigorous stirring. The
resulting emulsion was filtered through a pad of
celite and washed with EtOAc (200 mL). The filtrate
was transferred to a seperatory funnel, and the
aqueous layer removed. The organics were washed with
brine (200 mL), then dried (Na SO4) and concentrated
in vacuo to afford 5.2 as a yellowish oil (7.9 g,
100%). 1H NMR (300 MHz, CD3Cl) d 8.88 (s, IH), 8.72
(s, IH), 1.21 (s, 9H) LCMS m/z 296.9 (MH+), tk = 2.35
min. Step 2: A three-necked 100 mL round-bottom flask,
reflux condensor, and addition funnel were oven-dried
overnight. Upon removal from the oven, they were
assembled and put under positive N2 pressure and
cooled to room temperature. The flask was charged with
Zn dust (25.4 g, 400.0 mmol, 15.0 equiv), CuCl (3.96
g, 40.mmol, 1.5 equiv), and dry THF (80 mL). The
resulting reaction mixture was heated to reflux
temperature (bath temperature approximately 90 C) and
stirred vigorously with an overhead stirrer for 30
min. The reaction was removed from the oil bath
(maintaining vigorous stirring) and the additionfunnel
was then charged with ethylbromoacetate (6.68 g, 40
mmol, 1.5 equiv) and dry THF (40 mL). Addition of the
ethylbromoacetate should be done at a rate to maintain
gentle refluxing of the reaction mixture. Once
addition is complete, the reaction mixture was stirred
for an additional 30 min, then heated to 50 0C for 30
min. The reaction mixture was then cooled to 0 C, and
the addition funnel charged with 5.2 (26.67 mmol, 1.0
equiv) and dry THF (27 mL). This solution was then
added dropwise to the reaction mixture, which was
stirred an additional 4 hours at 0 C. Once the
reaction has gone to completion as judged by LCMS, the
reaction mixture was filtered through a pad of celite,
washing the Zn and the filter pad with Et2O (2x100
mL). The filtrate was washed with 0.25 M citric acid
(200 mL), sat. NaHCO3(aq) (2x200 mL), dried (Na2SO ),
and concentrated in vacuo to afford 5.3 (10 g) as a
clear oil. Step 3: A 500 mL round-bottom flask was
charged with 5.3 (10 g, 26.67 mmol, 1.0 equiv), Et2O
(27 mL), EtOH (1.7 mL) and 4M HCl in Et2O (53 mL, 2.0
equiv). The reaction mixture was stirred at room
temperature for 30 minutes. The resulting suspension
was filtered and the solids triturated with Et2O (3x
40 mL) and hexanes (2x 40 mL). The solid was dried
under vacuum to afford 5.4 as a white solid (6.6 g,
88.7%). LCMS m/z 280.9 (MH+), tR = 1.63 min. EXAMPLE 6
Preparation of
(R)-2-amino-7-(2-(cyclopentyloxy)-4-fluorophenyl)-4-me
thyl-7,8- dihydropyrido[4,3-d]pyrimidin-5(6H)-one A
microwave vial was charged with
(R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4 53-d]pyrimidin-5(6H)-one,
cesium carbonate (2 eq), copper (I) iodide (10 mol%),
1,10-phenanthroline (20 mol%), and cyclopentanol. The
reaction mixture was heated with microwave irradiation
to a temperature of 180 0C for 20 min. After coolingto
RT, the reactionmixture was concentrated and purified
by reverse phase HPLC to afford
(R)-2-amino-7-(2-(cyclopentyloxy)-4-fluorophenyl)-4-me
thyl-7,8-dihydropyrido[4,3- d]pyrimidin-5(6H)-one (m/z
= 357 (M+H)). EXAMPLE 7 7-7 Aminoester hydrochloride
7.1 (prepared according to the general procedure of
Example 1) was taken up in methylene chloride and the
resulting solution was cooled to 0 0C. Triethylamine
(3 eq) was added followed by dropwise addition of
methyl malonyl chloride (1.3 eq). The reaction was
stirred for 2h the partitioned between water and
methylene chloride. The layers were separated and the
organic layer was dried over anhydrous sodium sulfate
and concentrated in vacuo to afford compound 7.2 in
71% yield. Compound 7.2 was dissolved in methanol to
which freshly prepared 4.2M sodium methoxide in
methanol was added. The reaction vessel was sealed and
heated for 10 min at 140 0C (microwave). The reaction
mixture was cooled to room temperature and partitioned
between IM aqueous hydrochloric acid and methylene
chloride. The organic and aqueous layers were
separated and the organic layer was dried over
anhydrous sodium sulfate and concentration in vacuo
afforded compound 7.3 in 93% yield. Compound 7.3 was
taken up in acetonitrile containing 1% water. The
reaction vessel was sealed and heated for 10 min at
120 0C (microwave). Concentration in vacuo
providedcompound 7.4 in a quantitative yield. Compound
7.4 was taken up in dimethylacetamide dimethyl acetal
and heated at 140 0C for 5 min. Cooling to room
temperature and concentration in vacuo provided 7.5 as
an orange solid, which was immediately taken up in a
5.0 M solution of dimethyl amine in ethanol. Acetyl
guanidine (1.5 eq) was added and the resulting mixture
was heated at 140 0C for 10 min. The crude reaction
mixture was concentrated in vacuo and the resulting
solid 7.6, used without purification. Bromide 7.6 was
taken up in a 1:1 mixture of dimethoxyethane and 2M
aqueous sodium carbonate. Boronic acid
6-methoxy-pyrazin-2-yl boronic acid was added followed
by Pd(dppf)Cl 2.CH2Cl2. The reaction mixture was
heated at 120 0C for 10 min (microwave). After cooling
to room temperature, the layers were separated and the
organic layer was concentrated under a stream of
nitrogen. Purification by reverse-phase HPLC afforded
compound 7.7. EXAMPLE 8 Preparation of (R)-2-Amino-7-
[5-(6-methoxy-pyrazin-2-yl)-thiazol-4-yl] -4-methyl-
7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one diketene,
NEt3 X ANH NaOWIe. MeOH acetyl guani 8.2 8.3 Compound
88 was prepared as shown above from 5.4, the synthesis
of which is given in Example 5. Compound 5.4 is
converted to 88 following the general procedure of
Example 1 using the indicated reagents.EXAMPLE 9
Representative
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds Representative
2-amino-7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-one
compounds are shown in Tables 1-5. In the tables, m/z
refers to the molecular ion observed by mass
spectrometry. Table 1. Representative
2-Amino~7,8-dihydro-6H-pyrido[4,3-d]pyrimidin-5-onePUM
P APPARATUS FOR SEMICONDUCTOR PROCESSING DESCRIPTION
OF THE INVENTION Field of the Invention [001] The
invention relates to a pump apparatus for use in
semiconductor processing. The apparatus may include a
single pump configured to transition a substance flow
from about molecular pressure to about atmospheric
pressure. Background of the Invention [002]
Semiconductor wafers are used to form a number of
different types of devices. For example, wafers, or
portions of wafers, may be used to form memory
devices, microprocessor unit devices, or combinations
of the two devices. The devices may be very small,
(e.g., on the order of only one micron), and thus
these devices are often manufactured in large batches.
In some instances, a single wafer may have hundreds of
devices manufactured on it. [003] In order to
manufacture a device on a wafer, a number of discrete
steps are performed. Although the number of steps may
vary greatly depending on the type and complexity of
the device, a typical manufacturing process may
include anywhere between 100 and 300 individual steps
between the initial step of providing an initial
substrate and the finals step of extracting individual
devices from the wafer and installing them in personal
computers, telephones, mobile phones, or other
electronic equipment.[004] Some of the steps in
semiconductor wafer processing may include etching
away selected material, depositing selected materials,
and performing selective ion implantation in the
silicon wafer. Many of these steps are performed by
tools especially designed for the particular step, but
several steps may also be performed by a single tool.
Because these steps may be 



performed in a variety of locations, the wafer may
often be moved. For example, the wafer may be placed
in and taken out of ion implanter tools, transported
by cassettes, placed in and taken out of deposition
tools, and placed in and taken out of etch tools, etc.
[005] As mentioned above, etching is one form of
processing that may be performed on a wafer. The wafer
may be etched a number of different times at a number
of different levels for a number of different reasons.
For example, one type of etching step includes placing
a photoresist type material over an area of the wafer.
The photoresist on the wafer may be then be exposed to
a light source with a specific wavelength and a
specific pattern. The exposure of the photoresist to
the light source may alter the chemical composition of
the exposed area such that the photoresist either
"hardens" so that when a chemical is applied, the
"hardened" photoresist remains, or "softens" so that
when a chemical is applied, the "softened" photoresist
is removed. In either case, a desired photoresist
pattern remains on the wafer. Using this remaining
photoresist as a mask, chemical substances may be
applied to the wafer so as to etch away or remove
exposed portions of the wafer. Thus, a desired pattern
may be "etched" into the silicon wafer.[006] The
devices and/or patterns that are etched into the wafer
often have dimensions that are on the order of one
micron. Because the dimensions being dealt with are so
small, etching processes are especially susceptible to
contaminants. For example, foreign molecules may
become lodged in the channels etched into the wafers,
and the existence of such flaws may prevent a device
or portions of the device from working properly.
Accordingly, in order to minimize these flaws, much
attention is paid to the method by which the etching
is performed, specifically by working to minimize the
number of contaminants in the system. [007] The most
common method of controlling the etching is by etching
in a vacuum chamber using a plasma. The vacuum chamber
is, by definition, kept at a low pressure (e.g.,
molecular pressure), for example, between pressures of
about 10 3 millibar and about 10 1 millibar. The
plasma used to etch the wafers may include the
addition of any number of substances, such as
fluorocarbons or perflourocarbons, which within the
plasma may be broken up into smaller portions, such as
fluorine and fluorine radicals. These smaller portions
react with the exposed portions of the wafer and "etch
away" that portion of the wafer through the formation
of volatile reactant by-products. Other substances may
be used depending on the substrate to be etched.
Performing this procedure under vacuum substantially
prevents contaminants from entering the system (as the
chemicals present are normally only those specifically
introduced into the system) and moderates the reaction
rate as the molecular density is lower.[008] In a
number of current etching procedures, a large amount
of reactants are conveyed past the wafer at high
speeds, for example, on the order of thousands of
liters per second. This runs contrary to the desire to
minimize the number of contaminants by keeping the
pressure in the vacuum chamber low. What results is a
desire to pass etching substances through the vacuum
chamber at high speeds, but low pressures, and thus
specialized pumps are often desired. [009] Currently,
there are two discrete, completely separate,
unintegrated pumps used in conjunction with each other
to provide a high flow rate of etching substances at
low pressures. The pumps have, among things, separate
housings, separate controllers, separate electrical
connections, and separate fluid connections, and are
located long distances away from one another in
different rooms of a wafer processing facility. [010]
In some current configurations, an inlet of a first
pump is bolted to the bottom of the vacuum chamber and
receives the substances from the vacuum chamber that
are flowing at the low pressures. The first pump then
gradually increases the pressure of the substance flow
from the molecular level (at the inlet) to about the
transition level (at the outlet). The substance flow
is then sent through a tube or pipe to a second pump.
The second pump is typically located in another room
of the wafer processing facility (e.g., a basement)
for several reasons, most prominent of which are its
size, the amount of noise it generates, and its
maintenance. The flow path (e.g., tube) connecting the
pumps is typically between 5 and 15 meters in length,
with a minimum length of 3 meters and a maximum length
of 20 meters. The secondpump gradually increases the
pressure of the substance flow from about the
transition level (at the inlet) to about atmospheric
pressure (at the outlet). The second pump then
exhausts the substance flow. [01 1] There are some
drawbacks associated with the current dual pump
arrangement. For example, having the second pump in a
room separate from the first pump is often an
inefficient use of space. In addition, there are
efficiency losses associated with flowing the
substances through a long tube connecting the pumps.
Accordingly, alternative arrangements and/or
configurations of multiple pumps are desired. SUMMARY
OF THE INVENTION [012] In the following description,
certain aspects and embodiments of the invention will
become evident. It should be understood that the
invention, in its broadest sense, could be practiced
without having one or more features of these aspects
and embodiments. It should also be understood that
these aspects and embodiments are merely exemplary.
[013] One aspect, as embodied and broadly described
herein, may relate to an apparatus for use in
semiconductor processing. [014] An exemplary
embodiment of the invention may include an apparatus
for use in semiconductor processing. The apparatus may
include a single pump configured to transition a
substance flow having an input pressure less than or
equal to about 10 1 millibar to an output pressure
greater than or equal to about 100 millibar. [01 5]
Various embodiments of the invention may include one
or more of the following aspects: the single pump may
be configured to transition asubstance flow having an
input pressure less than or equal to about 10 3
millibar to an output pressure greater than or equal
to about 100 millibar; the single pump may be
configured to transition the substance flow to an
output pressure greater than or equal to about 1 bar;
the single pump may include no more than a single
rotatable shaft; the single shaft may consist
essentially of a single vertical axis; the single
shaft may be continuous; a semiconductor processing
tool associated with the single pump; a flow rate of
the substance flow may range from about 1,000 liters
per second to about 10,000 liters per second; the flow
rate of the substance flow may range from about 1,600
liters per second to about 3,000 liters per second;
the single pump may include at least one ball bearing;
at least one ball bearing may be associated with a
portion of the single pump that exhausts substance
flow having an output pressure greater than or equal
to about 100 millibar; the single pump may include at
least one magnetic bearing; the at least one magnetic
bearing may be associated with a portion of the single
pump that receives substance flow having an input
pressure less than or equal to about 10 2 millibar;
the single pump may include no more than one motor;
the single pump may include no more than one bearing
suspension unit; the single pump may include at least
one magnetic bearing; the at least one ball bearing
may be associated with a portion of the single pump
that exhausts the substance flow having an output
pressure greater than or equal to about 100 millibar;
and the at least one magnetic bearing may be
associated with a portion of the single pump that
receives substance flow having an input pressure less
than or equal to about 10~2 millibar.[016] Another
exemplary embodiment of the invention may include an
apparatus for use in semiconductor processing. The
apparatus may include a single pump configured to
transition a substance flow from about molecular
pressure to about atmospheric pressure. [01 7] A
further exemplary embodiment of the invention may
include an apparatus for use in semiconductor
processing. The apparatus may include a single pump
configured to transition a substance from
turbomolecular flow to atmospheric flow. [018] Aside
from the structural relationships discussed above, the
invention could include a number of other forms such
as those described hereafter. It is to be understood
that both the foregoing description and the following
description are exemplary only. BRIEF DESCRIPTION OF
THE DRAWINGS [019] The accompanying drawings, which
are incorporated in and constitute a part of this
specification. The drawings illustrate several
embodiments of the invention and, together with the
description, serve to explain some principles of the
invention. In the drawings: [020] Fig. 1A is a
schematic view of an embodiment of an apparatus in
accordance with the present invention; [021] Fig. 1B
is a schematic view of another embodiment of the
apparatus; [022] Fig. 2 is a schematic view of a
portion of the apparatus of Fig. 1B; [023] Fig. 3 is a
schematic view of a portion of the apparatus of Fig.
1A; [024] Fig. 4 is a schematic view of a portion of
the apparatus of Fig. 1A;[025] Fig. 5 is a schematic
view of a further embodiment of the apparatus disposed
in a single room of a semiconductor processing
facility; [026] Fig. 6 is a schematic view of still
another embodiment of the apparatus associated with a
semiconductor processing tool; [027] Fig. 7 is a
schematic view of a portion of a still further
embodiment of the apparatus; [028] Figs. 8A and 8B are
perspective views of portions of yet another
embodiment of the apparatus; [029] Figs. 8C and 8D are
schematic views of the portions of Figs 8A and 8B; and
[030] Fig. 9 is a schematic view of a yet further
embodiment of the apparatus. DESCRIPTION OF THE
EMBODIMENTS [031] Reference will now be made in detail
to some possible embodiments of the invention,
examples of which are illustrated in the accompanying
drawings. Wherever possible, the same reference
numbers are used in the drawings and the description
to refer to the same or like parts. [032] Figs. 1-9
depict exemplary embodiments of an apparatus for use
in semiconductor processing. The apparatus may include
a pump 1 having one or more of each of a
turbomolecular stage 100, a drag stage 200, and a dry
stage 300. For example, pump 1 may include all three
of turbomolecular stage 100, drag stage 200, and dry
stage 300. In another example, pump 1 mayinclude only
one of turbomolecular stage 100, drag stage 200, and
dry stage 300. In a further example, as shown in Fig.
9, pump 1 may include a turbomolecular stage 100, a
plurality of drag stages 200, and a dry stage 300. In
some examples, pump 1 may be configured to receive a
substance flow at about molecular pressure, for
example, having a pressure of about 5 x 10 3 millibar,
at a flow rate ranging from about 1600 liters per
second to about 2000 liters per second, and exhaust
the substance flow at about atmospheric pressure.
[033] Also or alternatively, pump 1 may be configured
to transition a substance flow having an input
pressure less than or equal to about 10~2 millibar
(e.g., about 10"3 millibar) to an output pressure
greater than or equal to about 100 millibar (e.g.,
about 1 bar), and/or may be configured to accommodate
a flow rate of the substance flow that ranges from
about 1,000 liters per second (e.g., about 1,600
liters per second) to about 10,000 liters per second
(e.g., about 3,000 liters per second). [034]
Turbomolecular stage 100 may be a stage configured to
provide 



turbomolecular flow of a substance at about molecular
pressure such that molecules of the substance are more
likely to collide with at least one interior wall 101
(Fig. 4) of turbomolecular stage 100 rather than into
other substance molecules. Turbomolecular stage 100
may have an inlet 102 configured to receive a flow of
the substance at a first pressure (e.g., from a
semiconductor processing chamber) and an outlet 103 to
expel the substance flow at a second pressure, for
example, to one or more of drag stage 200, dry stage
300, or the atmosphere. As shown in Fig. 1,
turbomolecular stage 100 may include blades104
configured to rotate together to transition substance
flow from an input pressure of about 10 3 millibar to
about 10 1 millibar, for example, when the input flow
passing through inlet 102 is from an etching tool.
Turbomolecular stage 100 may also or alternatively
include blades 104 configured to rotate together to
transition substance flow at lower input pressures,
for example, a pressure as low as about 10 8 millibar
when the input flow passing through inlet 102 is from
a tool or other structure associated with an
application other than etching, for example, physical
vapor deposition ("PVD"). Turbomolecular stage 100 may
be configured to transition substance flow to a second
pressure of about 1 millibar to about 10 millibar. In
some embodiments, the second pressure may be about 100
millibar to about 1 bar. [035] Blades 104 may be
disposed in turbomolecular stage 100 using bearings.
The bearings may be mechanical bearings, such as ball
bearings or a central shaft, or may be magnetic
bearings configured to magnetically levitate blades
104 within turbomolecular stage 100. In some
embodiments, turbomolecular stage 100 may have
multiple types of bearings. For example, blades 104
closer to inlet 102 may be suspended by magnetic
bearings (e.g., when the flow rate of substance flow
through the inlet ranges from about 2000 liters per
second to about 300 liters per second), while blades
104 closer to outlet 103 may be suspended by
mechanical bearings. Magnetic bearings may be
desirable at higher speeds of substance flow because
they may actively reduce vibrations. [036] In
alternate examples shown in Figs. 7 and 9, blades 104
may be disposed on a shaft 106. A top portion of shaft
106 closer to inlet 102 maybe suspended by magnetic
bearings, and a bottom portion of shaft 106 closer to
outlet 103 may be suspended by mechanical bearings. In
various embodiments, however, shaft 106 may be
suspended by any number of bearings of any type and in
any combination (e.g., two mechanical bearings or two
magnetic bearings). [037] Adjacent blades 104 may be
spaced from one another by an intervening stator 105.
Stators 105 may remain substantially stationary during
a substance pumping process and may be fixed to the
inner wall 101 that surrounds the blades 104. [038]
The molecules entering the turbomolecular stage 100
may have a substantially random motion. These
molecules may collide with a rotating blade 104 and
pick up the blade's 104 velocity such that upon
leaving each blade 104, the molecule has a velocity
substantially the same as that of blade 104 as well as
having an intrinsic thermal velocity substantially
similar to that of the blade 104. Thus, compression
may be generated by a combination of blades 104
providing a higher transmission probability downwards
rather than upwards due to the angle of blades 104 and
the relative blade velocity. Stationary stator 105
also may be configured such that it generates
compression through a combination of the relative gas
velocity and the stator 105 providing a higher
transmission probability downwards as compared to
upwards due to the angle of the stator blade. Upward
and downwards may refer to movement of gas relative to
the outlet 103 (e.g., exhaust) of the pump. For
example, downwards may refer to movement of gas
towards the exhaust of the pump (e.g., moving toward a
higher pressure area and/or beingcompressed), while
upwards may refer to movement of gas away from the
exhaust of the pump (e.g., moving toward a lower
pressure area and/or being expanded). Stator 105 may
have a relative velocity from the reference of the
molecule such that equal pumping may be provided by
stator 105 and blade 104. [039] One or more of blades
104, intervening stators 105, and/or other portions of
the turbomolecular stage 100 may be configured to
efficiently move substances at low pressures. The
turbomolecular stage 100 may typically operate with
inlet pressures ranging from about 10" 1 millibar to
about 10' 8 millibar (10"7 millibar) and corresponding
outlet pressures from about 0.1 millibar to about 1
millibar or less, depending, for example, on flow and
the size of the pump downstream. [040] Additional
details concerning exemplary configurations of a
turbomolecular stage 100 with blades 104 and stators
105, and its various components, are set forth in U.S.
Patents 6,109,864 and 6,778,969, which are both
incorporated herein by reference in their entirety.
[041] Pump 1 may include a drag stage 200, an example
of which is shown in Fig. 2. Drag stage 200 may have
an inlet 204 configured to receive a flow of the
substance at a first pressure (e.g., from a
semiconductor processing chamber or an outlet 103 of
turbomolecular stage 100) and an outlet 205 to expel
the substance flow at a second pressure, for example,
to one or more of turbomolecular stage 100, dry stage
300, or the atmosphere. The second pressure may depend
on the pressure to which pump 1 may ultimately
exhaust.For example, in some embodiments, pump 1 may
not exhaust to atmospheric pressure, thus only
turbomolecular stage 100 and drag stage 200 may be
used. [042] Drag stage 200 may include two or more
co-axial hollow cylinders 201 , 202. Each of cylinders
201 , 202 may be composed of multiple cylindrical
portions, for example, two or more cylindrical
portions adjacent to each other (e.g., one cylindrical
portion may be closer to inlet 204, while another
cylindrical portion may be closer to outlet 205, with
both cylindrical portions having substantially the
same dimensions and/or configurations). Such
cylindrical portions may be desirable, for example, so
as to operate different parts of drag stage 200 at
different efficiencies depending on pressure. [043]
One or more of the cylinders 201 , 202 may have a
helical thread 203 provided on its surface facing the
other cylinder 201 , 202. For example, Fig. 2
schematically shows a thread 203 on an inner surface
of outer cylinder 201 . In operation, one or more of
the cylinders 201 , 202 may rotate at relatively high
speeds, for example, up to about twenty-thousand
revolutionsper- minute or more. At low pressures,
molecules may strike the surface of the rotating
helical thread 203, giving the molecules a velocity
component and tending to cause the molecules to have
the same direction of motion as the surface against
which they strike. The molecules may be urged through
drag stage 200 in this manner and exit drag stage 200
at a higher pressure than that at which they entered.
Helical thread 203 may have a relatively close
clearance with cylinder 202, for example, between
about 0.1 mm and about 0.5 mm depending on the
pressure. Such a close clearance may provide a
greaterprobability of molecules moving towards the
outlet of the pump than towards the inlet. [044] Drag
stage 200 may typically operate with inlet pressures
ranging from about 10"1 millibar to about 10'7
millibar (e.g., about 10 6 millibar) and corresponding
outlet pressures of from about 10 millibar to about 1
millibar or less, for example, depending on flow and
the size of the pump downstream. At least some of the
cylinders 201 , 202, helical thread 203, and/or other
parts of the drag stage 200 (e.g., those disposed
closer to outlet 205) may be configured to efficiently
move substances at higher pressure. Further details
regarding exemplary drag stages and their various
components can be found in U.S. Patent 5,772,395,
which is incorporated herein by reference in its
entirety. [045] Drag stage 200 may have an alternate
configuration, for example, as shown in Fig. 9. Drag
stage 200 may have several stationary cylinders 201
having a helical thread 203 and several rotating
cylinders 202. Rotating cylinders 202 may be
connected, may rotate at substantially the same
rotational speed, and/or may be disposed on the same
shaft 106 as blades 104. Each stationary cylinder 201
and surface of rotating cylinder 202 facing its
respective stationary cylinder may comprise a separate
drag stage 200. Some drag stages 200 may include a
surface of a stationary cylinder 201 having a helical
thread 203 facing radially outward and also facing a
substantially flat radially inward surface of a
rotating cylinder 202. Some drag stages 200 may have
the opposite configuration. Each stationary cylinder
201 may have helical threads 203 on its radially
outward surface and/or its radially inward surface.
Each rotating cylinder 202 may face a surface of a
stationary cylinder 201having helical threads 203 on
its radially outward surface and/or its radially
inward surface. [046] Each drag stage 200 may be in
flow communication with other drag stages 200. Each
drag stage 200 may be disposed radially inward or
outward from other drag stages 200. Each drag stage
200 may have a different configuration. For example,
the helical threads 203 in each drag stage 200 may
have a different length than helical threads 203 in
other drag stages 200. Drag stages 200 may be disposed
radially outward from turbomolecular stage 100. Each
drag stage 200 may be configured to increase a
pressure of the substance while the substance flows
through the drag stage 200, and then exhaust the
substance to a more radially outer drag stage 200
until the substance is exhausted by the final drag
stage 200 to the dry stage 300, for example, at about
atmospheric pressure or atmospheric flow. [047] Pump 1
may include a dry stage 300 as show in Fig. 3. Dry
stage 300 may be a pump configured to provide
transition flow and/or viscous flow of the substance
such that molecules of the substance are more likely
to collide with each other rather than at least one
interior wall 305 of the pump. Dry stage 300 may have
an inlet 301 that receives a substance flow at a first
pressure (e.g., from an outlet of turbomolecular stage
100 or drag stage 200) and an outlet 302 that expels
the substance flow at a second pressure (e.g., about
atmospheric pressure). One exemplary type of dry pump
300, an example of which is shown in Fig. 3, may
include rotating blades 303, typically having a
different geometry than those of a turbomolecular
pump, such that they are suitable for operating at
higher pressures with intervening stators 304.The
blades 303 and stators 304 may be configured to
transition substance flow from an input pressure of
about 1 millibar to about 10 millibar or less (e.g., a
pressure as low as about 0.1 millibar) to about 100
millibar to about 1 bar (e.g., atmospheric pressure).
Blades 303 may be disposed in dry stage 300 using
bearings (e.g., one or more of a ball bearing, a
cylinder shaft, and a magnetic bearing). Stators 304
may be fixed to a cylindrical housing that surrounds
the blades 303. Blades 303 and stators 304 may operate
substantially similar to the blades 103 and stators
104 described above with respect to turbomolecular
stage 100, in that dry stage 300 may cause an increase
in the pressure of the substance passing into dry
stage 300 via the inlet 301 before the substance exits
dry stage 300 via outlet 302. Examples of dry stages
and their various components are disclosed in U.S.
Patents 6,244,841 , 6,705,830, 6,709,226, 6,755,61 1 B
1, which are all incorporated herein by reference in
their entirety. Other suitable examples of dry stages
are disclosed in U.S. Patents 6,129,534, 6,200,1 16,
6,379,135, and 6,672,855, which are incorporated
herein by reference in their entirety. [048] Dry stage
300 may have an alternate configuration, for example,
as shown in Figs. 8A, 8B, 8C, 8D, and 9. In the
alternate configuration, dry stage 300 may include a
regenerative rotor 350 and a regenerative stator 370.
[049] As shown in Figs. 8A, regenerative rotor 350 may
include a plurality of substantially circular
protrusions 351 extending from a surface of
regenerative rotor 350. Protrusions 351 may have a
plurality of blades 352 extending therefrom. A
cross-section of protrusion 351 and blade 352 is shown
in Fig. 8D.[050] As shown in Fig. 8B, regenerative
stator 370 may include a plurality of protrusions 371
defining a plurality of channels 372 therebetween. 



Adjacent channels 372 may be connected via intervening
channels 373. A cross-section of protrusion 371 and
channel 372 is shown in Fig. 8D. Each channel 372 may
include a first portion 372a and a second portion
372b. First portion 372a may be slightly wider than a
width of protrusion 351 , for example, to prevent the
flow of a substance therebetween. Thus, in operation,
any substance may be substantially contained in second
portion 372b. Second portion 372b may have any
suitable cross-sectional shape to accommodate
substance flow, for example, a curved or oval-like
shape. [051] As shown in Figs. 8C and 9, each blade
352 may be placed in one of channels 372 such that
protrusion 351 is disposed in first portion 372a, and
that blade 352 extends into second portion 372. Each
set of blades 352 and channels 372 may include a
corresponding inlet 391 and outlet 392 which may or
may not be the same as intervening channels 373. [052]
In operation, blade 352 may rotate relative to channel
372. A substance may enter second portion 372b of
channel 372 via inlet 391 . Blade 352 may then cause
the substance to flow in the same direction as the
rotation of blade 352, for example, in a substantially
oval-like and/or spiral-like pattern as a consequence
of the gas gaining momentum and moving in a tangential
direction to the rotating blade 352 but being
constrained by the channel 372. The substance may then
exit second portion 372b of channel 372 via outlet
392. The substance may then be sent to another blade
352 and channel 372 combination, or may be exhausted
from pump 1.[053] As shown in Fig. 9, dry stage 300
may have a plurality of blade 352 and channel 372
combinations. Each combination of blades 352 and
channels 372 may be disposed radially inward and/or
outward from other combinations of blades 352 and
channels 372. Rotor 350 may be disposed on the same
shaft 106 as blades 104 and cylinders 202. Each
combination of blades 352 and channels 372 may exhaust
the substance from an outer combination to a
combination disposed radially inward. The inner-most
combination may exhaust the substance out of the pump
1, for example, to the atmosphere. [054] As shown in
Figs. 4A and 4B, one or more of turbomolecular stage
100, drag stage 200, and dry stage 300 are disposed in
a single housing 10. If pump 1 includes more than one
of turbomolecular stage 100, drag stage 200, and dry
stage 300, the boundary between the stages may not be
externally discernable (i.e., a person viewing the
exterior of the apparatus with only their naked eye
would not be able to visualize the boundary between
turbomolecular stage 100, drag stage 200, and dry
stage 300). The pump may have a single driving motor
to rotate the sets of blades, cylinders, or other
components of turbomolecular stage 100, drag stage
200, and dry stage 300. In some embodiments, pump 1
may have one or more motors configured to drive one or
more components of one or more of turbomolecular stage
100, drag stage 200, and/or dry stage 300. [055] One
or more of turbomolecular stage 100, drag stage 200,
and dry stage 300 may be connected to each other
without substantially having transition portions. For
example, outlet 103 of turbomolecular stage 100 maybe
substantially the same as inlet 204 of drag stage 200.
In another example, outlet 205 of draft stage 200 may
be substantially the same as inlet 301 of dry stage
300. In a further example, outlet 103 of
turbomolecular stage 100 may be substantially the same
as inlet 301 of dry stage 300. [056] One or more of
turbomolecular stage 100, drag stage 200, and dry
stage 300 of pump 1 may be disposed in a single room 3
of a semiconductor processing facility, for example,
as shown in Fig. 5. One advantage of pump 1 may be
that it is possibly more compact than conventional
pumps, providing savings with regards to space, and
also reducing the number of pumps and/or components
for a particular process, for example, a semiconductor
manufacturing process. [057] As shown in the example
of Fig. 6, one or more of turbomolecular stage 100,
drag stage 200, and dry stage 300 of pump 1 may have a
common controller 90 that controls each of one or more
of turbomolecular stage 100, drag stage 200, and dry
stage 300. Common controller 90 may be connected to
one or more of turbomolecular stage 100, drag stage
200, and dry stage 300 by a controller connection 9 1.
One or more of turbomolecular stage 100, drag stage
200, and dry stage 300 may be associated with a
semiconductor processing tool 2. [058] In some
examples, rather than having a wired connection, a
wireless link may provide communication between common
controller 90 and one or more of turbomolecular stage
100, drag stage 200, and dry stage 300. [059] One or
more of turbomolecular stage 100, drag stage 200, and
dry stage 300 of pump 1 may share common connections.
For example, oneor more of turbomolecular stage 100,
drag stage 200, and dry stage 300 may share a common
power connection. Power connection may provide
electrical power to one or more of turbomolecular
stage 100, drag stage 200, and dry stage 300 so as to
power one or more motors associated with
turbomolecular stage 100, drag stage 200, and/or dry
stage 300. This connection may also be fed through the
remote controller 90 to condition power before
directing it to one or more of turbomolecular stage
100, drag stage 200, and dry stage 300 of pump 1. In
various embodiments, pump 1 may include any suitable
connections, for example, a nitrogen connection, a
water connection, and/or a dry air connection. [060]
The invention may have several advantages. For
example, the invention may operate at a greater
efficiency than multiple pumps configured to
transition the substance flow at the specified ranges.
In another example, conductance losses present during
the use of multiple pumps may be minimized and/or
substantially eliminated, for example, due to a
reduction in the length of the substance flow paths.
In another example, the invention may take up less
space than multiple pumps and require less energy,
important advantages in an industry where space and
power consumption is at a premium. In a further
example, because the exhaust from the apparatus may be
greater than or equal to about 100 millibar, double
containment of the apparatus may not be necessary as
any sub-atmospheric leaks may be inwards. [061] The
invention may overcome several problems. For example,
each pump for each stage in a conventional machine may
be deliveredseparately. When delivered, the pressure
in the chambers of each of these pumps may be at
atmospheric pressure. To operate the chamber, the
pressure in each chamber may be lowered to the proper
operating pressure. While one option is to initially
run the rotor in each chamber using a large motor,
such an option is undesirable as it may overheat the
rotor. Another option is to at least initially use
another pump (e.g., a lock load pump) to reduce the
pressure of the chamber. Once the inlet pressure in
the chamber of each pump is below about 100 millibars
(e.g., below about 10 millibars), the pump may operate
unassisted. By integrating the various stages of the
pump into a single pump, it may eliminate the need for
the additional pump, for example, if the pump already
exhausts to atmospheric pressure, allowing the pump to
start and operate completely unassisted. In the
alternative, if the pump exhausts to a pressure less
than atmospheric pressure, only one additional pump
may be necessary, as opposed to one pump for each
stage of a conventional machine. [062] In another
example, discrepancies in size between a conventional
turbomolecular pump, a conventional drag pump, and a
conventional dry pump prevented their combination into
a single pump. For example, there were large
differences in the dimensions of shafts in the
conventional turbomolecular pump, conventional drag
pump, and conventional dry pump. Advances made in the
dry pump, for example, in the dry stage shown in Figs.
8A, 8B, 8C, and 8D, have resulted in a more compact
dry stage that may be configured to be more readily
combined with a turbomolecular stage and/or drag
stage. [063] It will be apparent to those skilled in
the art that various modifications and variations can
be made to the structure described herein.This, it
should be understood that the invention is not limited
to the subject matter discussed in the specification
and shown in the drawings. Rather, the present
invention is intended to include modifications and
variations.WHAT IS CLAIMED IS: 1. An apparatus for use
in semiconductor processing, comprising: a single pump
configured to transition a substance flow having an
input pressure less than or equal to about 10 1
millibar to an output pressure greater than or equal
to about 100 millibar. 2 . The apparatus of claim 1,
wherein the single pump is configured to transition a
substance flow having an input pressure less than or
equal to about 10 3 millibar to an output pressure
greater than or equal to about 100 millibar. 3. The
apparatus of claim 1, wherein the single pump is
configured to transition the substance flow to an
output pressure greater than or equal to about 1 bar.
4. The apparatus of claim 1, wherein the single pump
includes no more than a single rotatable shaft. 5. The
apparatus of claim 4, wherein the single shaft
consists essentially of a single vertical axis. 6. The
apparatus of claim 4, wherein the single shaft is
continuous.7. The apparatus of claim 1, further
comprising a semiconductor processing tool associated
with the single pump. 8. The apparatus of claim 1,
wherein a flow rate of the substance flow ranges from
about 1,000 liters per second to about 10,000 liters
per second. 9. - The apparatus of claim 8, wherein the
flow rate of the substance flow ranges from about
1,600 liters per second to about 3,000 liters per
second. 10. The apparatus of claim 1, wherein the
single pump includes at least one ball bearing. 11.
The apparatus of claim 10, wherein at least one ball
bearing is associated with a portion of the single
pump that exhausts substance flow having an output
pressure greater than or equal to about 100 millibar.
12. The apparatus of claim 1, wherein the single pump
includes at least one magnetic bearing. 13. The
apparatus of claim 12, wherein the at least one
magnetic bearing is associated with a portion of the
single pump that receives substance flow having an
input pressure less than or equal to about 10 2
millibar.14. The apparatus of claim 1, wherein the
single pump includes no more than one motor. 15. The
apparatus of claim 1, wherein the single pump includes
no more than one bearing suspension unit. 16. The
apparatus of claim 10, wherein the single pump
includes at least one magnetic bearing. 17. The
apparatus of claim 16, wherein the at least one ball
bearing is associated with a portion of the single
pump that exhausts the substance flow having an output
pressure greater than or equal to about 100 millibar.
18. The apparatus of claim 16, wherein the at least
one magnetic bearing is associated with a portion of
the single pump that receives substance flow having an
input pressure less than or equal to about 10 2
millibar. 19. An apparatus for use in semiconductor
processing, comprising: a single pump configured to
transition a substance flow from about molecular
pressure to about atmospheric pressure. 20. An
apparatus for use in semiconductor processing,
comprising: a single pump configured to transition a
substance from turbomolecular flow to atmospheric
flow. 


